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Application May 18, 1956, Serial No. 585,910 
24. Clains. (C. 428-29) 

This invention relates generally to apparatus for ad 
ministering a respirable gas to a living Subject, animal 
or human. More particularly, the invention relates to 
apparatus of this character adapted to automatically exert 
a form of control over the gas to thereby automatically 
render a bodily state of functioning of the Subject in 
accordance with a pre-selected standard therefor. 
This - application is a continuation-in-part of my co 

pending application Serial No. 484,460 filed January 27, 
1955. 
In connection with the description of the present in 

vention, unless the context otherwise requires, the fol 
lowing words and phrases are to be taken in the Senses 
indicated as follows. The phrase "respirable gas” is used 
to denote a fluid substance which may be an anaesthetic, 
therapeutic or experimental pure gas or mixtures of gases 
and/or vapors and/or gas-borne Suspensions of liquid 
and/or solids. A respirable gas of any of these sorts will 
be referred to as an "input gas" when subject to inhalation 
by the patient, and as an "output gas” when the conse 
quence of exhalation by the subject. More specifically, 
“output gas' will refer to that portion of the breathed 
out gases from the lungs of a patient which is last breathed 
out just before the patient starts to breathe in again; that 
is, the gaseous contents of the lung which were in inti 
mate contact with the blood. In speaking of a property 
or properties of a gas, the word "property” is used to 
denote one or more of the sum total of the characteristics 
of the gas which serve to identify the given gas by differ 
entiating it from all other gases. A referred to "property' 
may be physical or chemical in nature and may either 
represent a simple characteristic or a composite of char 
acteristics which are all physical, all chemical or part 
physical and part chemical. 
As further considerations, the word “analyze' is used 

to denote the action of continuously or semi-continuously 
measuring some substance in order to determine the value 
of one or more properties thereof. Also, the word 
“automatic' is used to denote continuous or semi-con 
tinuous operation of a device or system, essentially with 
out the intervention of a human operator. The "bodily 
state of functioning of a subject' is to be taken to mean 
what is either usually considered a bodily function such 
as rate of respiration or a bodily condition such as depth 
of anaesthesia, or degree of balance between oxygen in 
take and metabolism. . 

While from the above. it will be seen that the purview 
of the present invention comprehends a wide variety of 
forms of respirable gas administration apparatus, for 
convenience the shortcomings of the prior art in this 
field will be discussed in connection with that form of 
such apparatus which is used to produce anaesthesia in 
a living subject. 
The usual form of anaesthetic administration apparatus 

depends upon a human operator for its control. In oper 
ating the apparatus the anaesthetist conventionally must 
rely entirely upon the data directly presented to his 
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2 
senses in the form of external symptoms manifested by 
the subject. The anaesthetist first makes an evaluation 
based on this sense data of the current state of bodily 
functioning óf the subject under anaesthesia. The anaes 
thetist then adjusts, the flow of anaesthetic in accordance 
with this evaluation by him of the current "depth of 
anaesthesia' of the subject. If the depth of anaesthesia 
at any time is evaluated to be greater or less than the 
depth deemed desirable in view of the circumstances, the 
anaesthetist corrects for this discrepancy by manipulating 
his apparatus to change the current depth of anaesthesia 
in the appropriate direction. 
From the above it will be seen that a number of fac 

tors may enter into the operation of a human controlled 
anaesthetic administration apparatus to render this oper 
ation an unreliable one for reaching the result desired. 
One such factor, arises out of a possibly incomplete flow 
of data from the external symptoms of condition mani 
fested by the subject to the sense receiving organs of 
the anaesthetist. Another such factor productive of un 
reliability may reside in the inexperience or other psycho 
logical inability of the anesthetist to correctly interpret 
the sense data received by him. A third such factor which 
should be mentioned is the total time. lag occurring be 
tween the time that an incorrect depth of anaesthesia 
first occurs and the time, when the depth is brought back 
fully to its desired value. This total time lag represents 
an accumulation of the respective times necessary for 
the incorrect depth of anaesthesia to be first manifested 
as an external symptom by the subject, the time necessary 
for the anaesthetist to first observe this symptom, the 
time, required for interpretation of the symptom in the 
mind of the anaesthetist, and the time required, after 
the anaesthetist, has reached his mental conclusion of 
the proper corrective measure, for the anaesthetist to 
manually carry out this corrective measure. It will be 
seen that the factors contributing to this total time lag 
each represent an inherent slowness of response of the hu 
man body or brain, and that hence the time lag is unavoid 
able in the conventional anaesthetic administration tech 
nlque. 

It has been proposed heretofore to circumvent these 
shortcomings by providing an automatic anaesthetic ad 
ministration system. This prior - art system, however, is 
designed to determine the depth of anaesthesia of the 
Subject by means of electric signals which are generated 
either within the body of the subject or as the result of 
a direct sensing, by probes or the like in contact with the 
body of the subject, of the body functioning of the sub 
ject. Thus, the mentioned prior art system proposes to 
use electro-encephalographic or electrocardiographic sig 
nals as indications of the depth of anaesthesia of the sub 
ject. These signals are in themselves complex in form, 
and, moreover, the functional relation between the signals 
and the depth of anaesthesia is relatively complex. Ac 
cordingly, it is necessary in the mentioned prior art 
system to have an unusually complicated system of elec 
tric circuits and electronic tubes. This large-scale electri 
cal organization is, of course, undesirable because of the 
expense, bulk, liability to failure, and difficulty of main 
tenance involved. 

It is accordingiy an object of the invention to pro 
vide respirable gas administration apparatus which is 
free of the disadvantages noted above. 

It is another object of this invention to provide appa 
ratus of the above noted character which operates by 
virtue of a relatively simple indication of the bodily 
state of functioning of the subject. 
A further object of the invention is to provide ap 

paratus of the above noted character requiring a mini 
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mum number of electric circuit and other organizational 
components. 

These and other objects are realized in accordance 
with the present invention by providing a fluid flow Sys 
tem carrying alternate flow of input and output gas to 
and from a living subject, and by providing an adjustable 
gas regulator mechanism connected in this system in 
regulating relation with the input gas to exercise a form 
of control thereover affecting the bodily state of func 
tioning of the subject. Further, a gas analyzer means 
is connected in the mentioned fluid flow system in re 
sponsive relation with the output gas to automatically 
analyze the same by a mode of analysis providing sig 
nals indicative of the bodily response of the subject to 
the input gas. The signals so developed by the an 
alyzer means are received by an automatic means which, 
responsive to these signals, adjust the regulator mech 
anism to automatically control the input gas to render 
the bodily state of functioning of the subject accordant 
to a preselected standard. 
The invention may be better understood from the 

following detailed description of typical embodiments 
thereof, taken in conjunction with the accompanying 
drawings, in which: 

Fig. 1 is a schematic diagram of a respirator-anaes 
thetizing apparatus constructed according to the inven 
tion; 

Fig. 2 is a diagram of details of the apparatus of Fig. 
1; and 

Fig. 3 is a schematic diagram of an anaesthetic ad 
ministration apparatus constructed in accordance with 
the invention. 

In the description to follow it will be understood that 
analogous elements in the two embodiments will be 
designated by the same number, with such elements in 
the second embodiment being further designated by a 
prime suffix for the number. Further, analogous ele 
ments in the same embodiment will be designated by the 
same. number with different letter suffixes. 

Referring now to Figs. 1 and 2 which show a respira 
tor-anaesthetizing apparatus for inducing forced breath 
ing of a living Subject along with administration of an 
aesthesia thereto, as a part of the apparatus there is 
shown a fluid flow system permitting alternate flow of 
input and output gas to and from a subject during, re 
Spectively, the inhalation and the exhalation phase of 
each recurring respiration of the subject. More spe 
cifically, this fluid flow system includes a gas distribut 
ing manifold 10 having an inlet port 1, an outlet port 
12, and an exhaust port 13. An adapter 14 is coupled 
to manifold 10 for the purpose of guiding gas between 
the manifold and the respiratory tract of the subject. 
The inlet port 11 has connected thereto a first con 

duit means comprised of a pair of conduits 20, 21 re 
Spectively communicating with sources (not shown) of 
anaesthetic gas (as, Say, nitrous oxide at 50 p.s. i.) and 
a source of oxygen (at, say, 50 p.s. i.). The mentioned 
conduit means is also comprised of a third conduit 23 
coupled directly at one end with the inlet port 11 and 
coupled at the other end through a mixer 24 with the 
conduits 20, 21. 
The conduits 20, 21 in the usual manner have respec tively interposed therein the manually set pressure reg 

ulators 26, 27. Each of these regulators is adapted to 
accept gas at high pressure from the source coupled 
therewith by way of the conduits, and to deliver this 
gas at some lower preset constant pressure essentially 
independent of the rate of gas flow. For indications of 
this lower preset pressure, the conduits 20, 21 are re 
Spectively equipped with the pressure gauges 28, 29. 
The mixer 24 is a conventional gas flow device for 

mixing two gases in a constant preset proportion essen 
tially independent of the rate of flow of the mixture of 
the gases. Thus, from the input of nitrous oxide and 
oxygen respectively received from the conduits 20, 21, 
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4. 
the mixer 24 is adapted to flow into conduit 23 an 
anaesthetic mixture of fixed composition as, say, 70% 
nitrous oxide and 30% oxygen. By virtue of the con 
struction of mixer 24, the percentage composition of this 
intermixture remains constant irrespective of pressure 
changes in conduit 23. 
To provide for control of the input gas, the conduit 

23 has interposed therein a variable regulator mech 
anism 30. In the present instance the input gas is con 
trolled with regard to the specific property of the pres 
sure thereof, and hence the regulator mechanism 30 is 
a variable pressure regulator which is adjustable in its 
regulating action by appropriate movement of a con 
troller arm 31. In essence, the variable pressure regul 
lator 30 receives gas flowing at medium pressure through 
conduit 23 from mixer 24, the regulator delivering this 
gas at some lower pressure determined by the position 
of control arm 31. The described regulator may be of 
the type commonly employed on acetylene and oxygen 
tanks for welding purposes, the regulator control arm be 
ing adapted to motor drive. The lower pressure output 
gas from the regulator is delivered into conduit 23 for 
flow thereof to inlet port 11 and from thence through 
manifold 10, adapter 14, and into the respiratory tract of 
the subject. For convenience in measuring the pres 
sure of the regulated input gas, the portion of conduit 23 
between regulator 30 and inlet port 11 may be equipped 
with the pressure gauges 32, 33 adapted respectively, to 
give exact pressure readings over a limited scale and 
approximate pressure readings over a wider scale. 
The outlet port 2 has connected thereto a second con 

duit means in the form of a conduit 40 running between 
the outlet port and an exit 41 permitting venting of gas 
in the conduit to the atmosphere. The conduit 49 has 
connected therein a gas analyzer means 42 (to be later de 
scribed in further detail) and a sampling means 43 dis 
posed in the conduit between the gas analyzer means and 
the outlet port 12. The sampling means in its essential 
components comprises a collapsible, but somewhat stiff 
and resilient tube 44 (fabricated from say, rubber), a 
larger diameter rigid tube 45 enclosing the major extent 
of tube 44 in a pressure-tight chamber, and valve means 
in the form of a check valve 46 disposed in conduit 40 
between manifold 10 and tube 44 to permit flow of gas 
in the conduit only from the manifold towards the ana 
lyzer 42. The sampling means 43 may also desirably in 
clude a second check valve 47 disposed in conduit 40 be 
tween tube 44 and analyzer 42 to preclude any substan 
tial backward flow of gas from the atmosphere through 
the exit 41 and thence into the analyzer. 
As stated, the presently described apparatus is in part 

a respirator apparatus adapted to produce forced breath 
ing in a subject. To this end the apparatus is provided 
with a two-way breathing valve wherein a valve plug 50 
is adapted to be reciprocated back-and-forth between an 
upward seated position covering the exhaust port 13 
and a lower seated position covering the inlet port 11. 
In this reciprocation the valve plug 50 is moved down 
wardly by a spring 51 disposed above the plug to act in 
compression thereagainst from a fixed support for the 
spring. Conveniently, the spring 51 may be positioned 
within an exhaust conduit 52 leading from exhaust port 
13 to the atmosphere, the fixed support in this case being 
in the form of a bracket 53 extending radially inward of 
conduit 52 to hold the spring in alignment with the axis 
of the conduit. For better guidance of valve plug 50 in 
its reciprocating movement, preferably the compression 
spring 51 encircles an upper guiding stem 54 which ex 
tends from a juncture with plug 50 upwardly through 
bracket 53 by way of a bore (not shown) therein serving 
to constrain the stem to up and down movement only. 
To provide upward movement in reciprocation of the 

valve 50, a fluid pressure cylinder 60 is mounted by an 
internal bracket 6 within and in alignment with the axis 
pf a vertical section of conduit 23 adjacent to the inlet 
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sport, 11. The cylinder 60 contains within its bore apiston 
562 connected to the valve plug-50 by a lower valve-stem 
f63. Thus, in the presence of increased pressure in cyl 
; inder 60, sufficient force will be-exerted on the piston to 
drive valve plug 50 against the compression of spring:51 : 
to an upwardly seated position sealing exhaust port. 13. 
Conversely, when the pressure in cylinder 60 is per 

rmitted to decrease, the compressive force of spring 51. 
overcomes the upwardly directed piston force. Accord 
ingly, both valve plug 50 and piston-62 are driven down 
ward with the respective consequences that the plug is 
seated to seal off inlet port 11, while the interior of cyl 
inder is emptied of fluid by the downward movement of 
the piston. - 

Reciprocation of the described breathing valve is estab 
lished by a timing means (Fig.2) comprised of a con 
stant speed motor 70, a breathing, control cam 71a and 
sampling control cam 71b commonly driven by the mo 
tor. 70, and a breathing control slide valve. 72a and sam 
pling control slide valve 72b actuated, respectively, from 
the cams 71a and 7b. Since the two valves mentioned 
are essentially similar in construction, it is only necessary 
for the most part to describe slide valve.72a, it being 
understood that, unless otherwise noted, the description 
of a given number element in valve 72a applies as prop 

perly to the element designated by the same number in 
Vaive 72b. 
The slide valve 72a comprises a cylinder. 75a, a piston 

76a, slidable in tight-fitting relation within this cylinder, 
a can follower 71a mounted on piston 76a to ride on 
cam 77a to thereby translate the variation in contour 
thereof into up and down piston movement, and a com 
pression spring 78a acting on piston 76a to maintain 
cam follower 77a in firm contact with its cam. Within 
cylinder 75, the piston 76a is cut away circumferentially 
to have formed therein an annular groove 79a. The 
groove 79a performs the function of furnishing a fluid 
flow coupling between either a middle conduit 85a and 
a lower conduit 86a coupled to a high pressure fluid 
source, or between the middle conduit 85a and an upper 
conduit 87a venting to the atmosphere. The middle con 
duit 85a is itself coupled with the interior of driving cyl 
inder 60 for the breathing valve. 
As stated, the sampling control valve 72b is essentially 

similar in construction to the breathing control valve 72a 
with the following exceptions. First, the cam 71b which 
operates valve 72b is of different contour than the cam 
71 a for valve 72a. Second, in valve 72b it is the upper 
conduit 37b which is connected to the high pressure fluid 
source, and it is the lower conduit 86a which opens to 
the atmosphere. Third, the middle conduit 85b of valve 
72b furnishes a fluid flow coupling from the valve to 
the interior of the outside tube 45 (Figures 1 and 2) in 
the sampling means 43. 

Considering for the time being the action of breathing 
control valve 72a only, the contour of the cam is sub 
divided into a lowered arc 90 of smaller angular extent 
and a raised arc 9i of larger angular extent. When 
cam follower 77a rides in lower arc 90, the piston 76a 

- positions groove 79a to provide for flow of high pressure 
fluid from conduit 86a through conduit 85a to the interior 
of cylinder 60. The valve plug 50 will be accordingly 
moved upward to uncover inlet port. 11 and to seal ex 
haust port 3. Responsive to this valve plug movement, 
a flow of input gas under slight pressure will ensue frcm 
conduit 23 into manifold 16 and from thence through 
adapter 14 into the respiratory tract of the subject. With 
in the respiratory tract, the slight pressure of the input 
gas causes the subject's lungs to expand, the net effect 
being an inhalation by the subject which is forcibly in 
duced. 
The changeover from inhalation to exhalation in the 

*::forced respiration of the subject is effected by rotation 
of the can 72a raising the cam follower 77a up upon 
the arc 91 of the cam contour, Piston 76a is accord 
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6 
ingly moved upward to . disconnect the interior-of-cylin 

; der 60 (Figure: 1):from: the fluidpressure conduit 86a 
(Figure 2) and to establish, an exhaust path for the 
cylinder through conduit 85a, valve groove 79a, and ex 
haust conduit : 87a. In consequence, the compression 
spring 51 acts, as described, to exhaust fluid from cylin 
der 60 and to move valve plug 50 downward so that 
the exhaust port 13 and the inlet port 11 of manifold 
10 are respectively uncovered and sealed. With the re 
spective changes in condition taking place as to these 
two ports, the lungs of the subject are free of the pres 
sure effect of the input gas. Freed of this pressure 
effect, the subject's lungs contract elastically to exhale 
output gas through adapter 14, manifold 10, exhaust 
port 13, and exhaust conduit 52. 

It is thus seen that the described apparatus develops 
recurring forced respirations of the subject consisting 
alternately of inhalations and exhalations. An apparatus 
performing this function is commonly used, for example, 
where for medical reasons it is desirable to anaesthetize 
a subject who has been completely paralyzed by the 
action of a drug or the like. 

It is well known, in the normal-physiological control 
of respiration, that the amount of air, taken into a sub 
ject's lung is so adjusted by the subject's body that the 
carbon dioxide level remains constant at the subject's 
physiological level. The carbon dioxide normally 
present exerts a tension of 40 mm. of mercury. This 
amount of air is then usually adequate to provide a propel 
oxygen availability to the blood in the subject's lungs. 
In natural respiration, this amount of air taken in is 
ordinarily controlled by a physiological process wherein 
involuntary nerve centers of the human body respond to 
the percentage of carbon dioxide in the blood stream to 
adjust the rate and/or depth of respiration. Thus, where 
the carbon dioxide in the blood stream increases, the 
mentioned nerve centers act to increase the involuntary 
depth and rate of breathing or to create a feeling of 
shortness of breath in the subject. Also, when the carbon 
dioxide in the blood stream decreases, the mentioned 
nerve centers adjust the involuntary breathing of the 
subject to the proper rate and depth. 

It will be evident, however, that with complete paralysis 
of the subject, the described involuntary self-adjustment 
of the state of bodily functioning of the subject is no 
longer effective because of paralysis of the lungs. Un 
less the carbon dioxide tension is carefully controlled by 
accomplishment of the required tidal exchange, impor 
tant consequences result. Thus, reducing the alveolar 
tension to Say 20 mm. mercury induces a general vaso 
constriction, especially in the cerebral blood vessels and 
diminishment of the respiratory drive as the respiratory 
center is made less sensitive. Still lower carbon dioxide 
tension, such as 10 mm. of mercury, produces syncopy 
or fainting. Higher carbon dioxide arterial blood ten 
isions than normal, such as about 50 mm. of mercury, 
cause increased respiratory drive, dilate the cerebral 
blood vessels, and often cause increased blood pressure 
and pulse rate. It is, accordingly, necessary that some 
artificial substitute be provided for the involuntary 
control over respiration normally provided within the 
body of the subject when the subject is anaesthetized. 

In accordance with the present invention, to provide 
for this substitute control over respiration, the cam 7ab 
is shaped in contour to have radially raised and lowered 
portions 100 and 161 which are respectively of such 
angular extent and phase with respect to the contour of 
cam 7a (which establishes the periods of inhalations 
and exhalations) that the cam follower 77b rides on 
lowered arc 101 only during a short interval at the end 
of each exhalation. Thus, during a major interval of a 
respiration induced in the subject, the piston 76b of the 
sampling control valve is positioned upward to establish 
a fluid flow coupling from pressure conduit 87b through 
valve groove 79b and conduit 85b, to the interior of 
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the outside tube 45 of sampling means 43. In conse 
quence, there is produced within this outside tube a high 
pressure condition which collapses the inner tube 44 dur 
ing inhalation by the subject and during most of the 
time of exhalation thereby. At the end of exhalation, 
however, the cam follower 77b drops momentarily into 
the lowered arc 101 of cam 71b with the consequence 
that piston 76b drops downward to vent the interior of 
tube 45 to the atmosphere through conduit 85b, valve 
groove 79b and exhaust conduit 86b. With the pressure 
within tube 45 so released, the inner tube 44 springs back 
into uncollapsed shape to thereby produce a vacuum in its 
interior. Responsive to this vacuum, the check valve 46 
opens to permit a sample of end-of-exhalation output 
gas to flow from manifold 10 to within tube 44. When, 
at the beginning of the next inhalation, the cam fol 
lower 77 b is once again raised up on the arc 101 of can 
71b, the resulting higher pressure condition re-established 
within tube 45 causes the tube 44 to again collapse to 
thus force the contained sample of end-of-exhalation out 
put gas through the check valve 47 to flow through the 
analyzer 42. 
As is known, over the whole interval of an exhalation, 

the carbon dioxide content of the output gas undergoes 
a wide fluctuation in value, the spread in values in this 
fluctuation not being of substantial significance as a 
measure of the carbon dioxide level in the blood of the 
subject. Considering the succession of individual fluc 
tuations occuring from exhalation to exhalation, however, 
there may be discerned therein a trend in value repre 
senting a measure of the carbon dioxide content of the 
blood stream. The course of this trend may be estab 
lished in various ways, as by taking the average value 
of each fluctuation or the highest value thereof, or the 
lowest value thereof, or the value thereof at some fixed 
phase in time of the exhalation period. It has been 
found, however, that a very satisfactory measure is ob 
tained of richness of the blood in carbon dioxide if a 
sampling means like that described is utilized to sample 
the output gas by taking end-of-exhalation samples there 
of which are, of course, alveolar gas. Since no carbon 
dioxide is administered, it has a zero concentration in 
the input gas. Therefore, the difference between arterial 
carbon dioxide concentration and venous carbon dioxide 
concentration will be small, even when there are appreci 
able areas of atelectasis. The carbon dioxide output gas 
tension accordingly will about equal the arterial blood 
carbon dioxide tension. Since the output gas, i.e., the 
last portion of the expelled or alveolar gas, normally has 
a carbon dioxide tension of 40 mm. of mercury the 
arterial tension in carbon dioxide will be about the same 
figure. 
The output gas samples which pass through analyzer 

42 are analyzed therein for the specific property of the 
output gas of its carbon dioxide content. Preferably 
the analyzer 42 is in the form of an infra-red spectro 
photomer analyzer such as is described in further detail 
on pages 1021 and 1036 of "Medical Physics,” volume 
II, by Otto Glasser and published by the Yearbook Pub 
lishers, Inc., Chicago, Illinois. An analyzer of this type 
is adapted to provide on an output lead 165 an electrical 
voltage signal which is roughly proportional to (or, at 
least in direct correspondence to) the percentage of car 
bon dioxide in the gas mixture fed to it. For the pur 
pose of generating such signal, the analyzer has a self 
contained amplifying system. 
The analyzer signals on lead 105 are fed to an auto 

matic means which responds to these signals to auto 
matically adjust the setting of or maintain a given set 
ting of the variable pressure regulator 30. This auto 
matic means may take the form in a broad sense of a 
means for generating a reference signal representing a 
preselected value for the end-of-exhalation carbon diox 
ide content of the output gas (and thus a preselected 
value for the richness of carbon dioxide in the blood 
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8 
stream), a means for comparing the analyzer signals in 
value with this reference signal, and a means responsive 
to a change in value of the analyzer signals away from 
the reference signal for adjusting the pressure regulator 
30 to ultimately cause the analyzer signals to follow the 
reference signal. While the reference signal may, of 
course, be a signal which changes in value over time in 
a preselected manner, in most cases it suffices for the 
reference signal to have a steady value over time in 
the absence of manual intervention to change the value 
of the signal. 
As a specific example, the automatic means referred 

to may take the form shown in Figure 1 wherein the ref 
erence signal is generated as the steady voltage output 
of a reference signal generating means 109. This means 
may take such form that the output thereof appears on 
a movable tap 110 of a potentiometer resistor 111 con 
nected across a voltage source shown as the battery 112. 
As stated, this reference signal represents a preselected 
value for the end-of-exhalation carbide dioxide content 
of the output gas, the signal thus being indicative of a 
preselected value for the richness in carbon dioxide in 
the blood stream of the subject being administered to by 
the apparatus. Selection of such value or a change in the 
selected value from one to another value is effected by 
manually sliding tap 110 over resistor 111. A meter 113 
may, for convenience, be connected with a signal carrying 
lead 114 from tap 110, the meter indicating the voltage 
of the reference signal. 
The analyzer signals on lead 105 and the reference 

signal on lead 114 are fed as respective inputs to a servo 
system such as say, a servo-system comprised of the com 
ponents manufactured by the Brown Instrument Division 
of the Minneapolis Honeywell Company of a continuous 
balancing amplifier (catalog number 351921 and a bal 
ancing motor (catalog number 76750-1). As shown in 
Figure 1 this servo system is comprised essentially of a 
servo amplifier 119 (consisting of a subtracting chopper 
amplifier 120, and a power amplifier 121) and a servo 
motor 122 in the form of a two-phase induction motor 
characterized by a first phase winding 123 and a second 
phase winding 124 which is spatially in quadrature rela 
tion with phase winding 123. The phase winding 123 
may be energized in a conventional manner from an 
alternating current power source 125, which also acts, as 
will now be described, as a synchronizing signal source 
for the subtracting chopper amplifier 120. 
The subtracting chopper amplifier 120 is of a well 

known type, which, in the presence of a difference in volt 
age between the analyzer signals and the reference signal 
inputs, is adapted to produce an error signal form of 
the analyzer signals. This error signal represents by 
its amplitude and polarity the amplitude and polarity of 
the voltage difference between the input analyzer and 
reference signals. As another function, the subtracting 
chopper amplifier 120 is adapted to render this error 
signal of alternating form by chopping the error signal 
at the frequency and phase of a synchronizing signal 
received by the amplifier. In the present instance, this 
Synchronizing signal is a signal originating with alter 
nating source 125 which is thereafter impressed with a 
90 phase shift by a phase shifting device 126. Accord 
ingly, if there is no difference in voltage between the 
analyzer signals and reference signal inputs to amplifier 
120, the amplifier will produce zero output. On the 
other hand, a voltage difference between the input signal 
will be represented at the output of the amplifier by an 
alternating error signal of the same frequency as the 
current which excites phase winding 123. In depend 
ence on whether the analyzer signals are greater or less 
than the reference signal, the error signal output from 
amplifier 120 will have one or the other of opposite 
phases, both of these phases being electrically displaced 
90° from the phase of the current energizing winding 123. 
The error signal output from amplifier 120 is fed to 
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g the power amplifier 121 which amplifies the signal by: an 
amount sufficient to provide for proper energization of the 

; phase winding 124, the samplified error signal being 
applied to this winding. As is known, the motor 122 
swill not rotate when only phase winding 123 is energized. 
-In the presence, however, of an error signal which en 
ergizes winding 124 in 90° phase relation to the current 
in winding 123, the motor 122 will rotate in one direction 
of rotation or the other in dependence on whether the 
serror signal leads or lags by 90° the exciting current for 
'winding 123. 

The mechanical angular output of motor 122 is coul 
pled to the control arm 31 of pressure regulator 30 by 
sa linkage consisting of the arms: 128 and 129. There is 
: thus established in the respirator apparatus a closed loop 
I causal sequence wherein a series of responses are inter 
is related as follows: 

a If the quantity of gaseous intake by the subject is lower 
Ethan optimum, this fact is manifested in the physic 
i.logical functioning of the subject by an increase in the 
carbon dioxide content of the blood stream. The analyz 
er 42 detects this carbon dioxide increase to cause the 
analyzer signal on lead 105 to shift away in voltage value 
from the reference signal on lead 114. The described 
servo system responds to this shift to adjust pressure 

a regulator 30 to a setting which appropriately increases the 
pressure of the input gas fed to the subject. The subject 
responds to this increased pressure by a deeper forced 

: inhalation. Since in this event the subject will also ex 
shale more deeply, the carbon dioxide content of the sub 
ject's blood stream is diminished until the proper balance 

sis once again restored between the quantity of gaseous 
intake and the carbon dioxide level of the subject. Con 
versely, if the quantity of gaseous intake by the subject 

his blood stream drops to create a difference between the 
analyzer signals and the reference signal to thus stimulate 
the described servo system to adjust the regulator 30 to 
decrease the pressure of the input gas fed to the subject. 
As a result, the forced respiration of the subject will be 
less deep, and the carbon dioxide content of the blood 
stream will rise to its proper level. 
By means of this invention actual. tests have main 

tained arterial blood carbon dioxide tension within 3 mm. 
of 40 mm. of mercury, the normal tension, for as long as 
three hours during Surgical operations, 

Instead of controlling respiration on the basis of carbon 
dioxide, the same thing may be accomplished by analyz 
ing the oxygen content of the output gas and adjusting 
the oxygen or air given to the patient to maintain a nor 
mal arterial oxygen tension of about 105 mm. of mer 
cury. The alveolar gas oxygen tension is normally about 
110 mm. of mercury. The gradient between arterial and 

... alveolar oxygen tensions is ordinarily about 5 mm. of 
mercury although errors in ventilation or diffusion may 
make for increases in the gradient. For the purpose of 
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- controlling respiration by oxygen analysis it is convenient 
to base the respiration control system on the normal 
venous oxygen tension of 40 mm. of mercury. Using this 
as the standard, a sample of output gas taken at the end 
of exhalation may be analyzed for oxygen content, com 
pared with the standard and the input gas adjusted ac 
cordingly to maintain proper administration of oxygen. 
In such a system it is generally desirable to maintain an 
input oxygen tension of below 250 mm. of mercury since 
non-apparent errors may arise due to the characteristics 
of hemoglobin-oxygen dissociation. 

Referring now to Figure 3, there is shown thereinian 
other example of the present invention in the form of an 
apparatus for administering anaesthetics to a subject. In 
this apparatus a manifold 10' has an inlet port 11, and 
an outlet port 2", and has joined therewith an adapter 
14 in the form of a mask which fits over the nose and 
mouth of the subject. The adapter 14, as before, per 
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gas-between manifold 10' and the respiratory tract of the 
subject. 

Coupled with the inlet port.11 is a first conduit means 
consisting of the separate conduits 20, 21", respectively 
coupled to a source of anaesthetic gas (as, say, cyclopro 
pane) at above atmospheric pressure and a source of 
oxygen at above atmospheric pressure. The first con 
duit means is also comprised of a mixing conduit 130 
coupled between a gas flow junction 131 and a junction 
of the conduits 21, 20', a conduit 23' coupled directly to 
the inlet port 11, and a breathing purifier 132 coupled in 
terms of gas flow between the gas flow junction 131 and 
the conduit 23'. The conduits 20', 21' have conventional 
rate of flow meters 135,136, respectively connected there 
in to regulate the flow of gas in each of these conduits. 
Further control over these gas flows is afforded by a 
manually operated needle valve 137 connected in conduit 
21 and by a needle valve 138 in conduit 20' which per 

, mits a flow of cyclopropane therethrough in accordance 
with the setting in adjustment of a control arm. 139 for 

The cyclopropane in conduit 20' and the oxygen in 
conduit 21' flow into conduit 130 to be intermixed there 
in to form the input gas administered to the subject. 
This input gas has a relative percentage composition of 
pure anesthetic gas and of oxygen gas wherein the rela 
tive percentages of these two components are determined 
by the respective settings of the needle valves 37 and 138. 
From conduit 130 the input gas flows through junction 
131, purifier 132, conduit 23', inlet port if', manifold 
10', and adapter 14' into the respiratory tract of the sub 
ject during inhalation thereby. 
The outlet port 2 for the manifold has connected 

therewith a second conduit means in the form of a con 
duit 40’ running between the outlet port and the gas flow 
junction 31. The output gas exhaled by the patient is 
conveyed by conduit 48' from manifold O' to junction 
131 from whence the output gas passes through the purifier 
132 which is a carbon dioxide absorber. The output 
gas after being freed of most of its carbon dioxide con 
tent by passing through the purifier is recirculated back 
through conduit 23 to the subject. In this connection 
it will be noted that while there may be a considerable 
volume of circulating gas, the quantity of gas flowing out 
of conduit 130 just balances with the quantity of gas 
which is inhaled and absorbed by the subject. Thus 
there is a flow of input gas to the subject although this 
flow is accomplished through the intermediary of a vol 
ume of circulating gas. 
To assure a proper gas circulation of the sort de 

scribed, the apparatus is provided with valve means con 
sisting of the check valve 140 disposed in conduit 23' to 
permit gas flow only toward inlet port 11’ and also the 
check valve. 141 disposed in conduit 40' to permit gas 
flow in this conduit only away from the outlet port 2". 
The apparatus of Figure 3 as so far described (with 

the exception of the mechanically adjustable needle valve 
138) represents a closed circle anesthesia system such as 
is disclosed on page 24 of the afore-mentioned text by 
Otto Glasser. Such system is characterized by con 
tinuous circulation of the anesthetic gas around the loop 
formed by conduit 23, manifold 10’, conduit 40', and 
purifier 132. The fraction of oxygen and cyclopropane 
absorbed by the subject from the circulating anesthetic 
mixture during inhalation is continuously replenished 

3 from the oxygen and cyclopropane flows in the conduits 
21” si and 20”. Further, in the circulating mixture, the 
waste product of carbon dioxide exhaled by the subject 
is continuously removed by a soda lime mixture in the 
purifier.132. To permit closed loop circulation of the 
anesthetic mixture without the introduction of pressure 
conditions varying widely from those normal for respira 
tion, the described apparatus includes a flaccid balloon 
145 connected to the purifier 132. As the pressure in 
the circulating mixture rises and falls, the balloon :45 
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responsively expands and contracts to tend to maintain 
the pressure at atmospheric value. 
When a subject is under anaesthesia, the depth of 

anesthesia of the subject at any time, although usually 
ascertained by indirect symptoms thereof such as rate 
of respiration or rate of heartbeat, is in fact in direct rela 
tion to the percentage content of anesthetic gas in the 
blood stream of the subject. This blood stream con 
tent of anesthetic gas is reflected in the percentage of 
anesthetic gas appearing in the output gas exhaled by 
the subject. 
As in the case of the carbon dioxide content of the 

output gas in the Figure 1 apparatus, however, the con 
tent of anesthetic gas in the output gas of the Figure 3 
apparatus is characterized by a short term fluctuation in 
value over the period of each exhalation and by a trend 
of the fluctuations from exhalation to exhalation. Of 
these two factors, only the trend in anesthetic gas con 
tent from exhalation to exhalation is a satisfactory indica 
tion of the depth of anesthesia of the subject. Accord 
ingly in the operation of the Figure 3 apparatus, to auto 
matically bring the subject to or maintain the subject at 
a preselected depth of anesthesia, it is necessary that the 
trend in this percentage content be dissociated from the 
short term fluctuations therein. 
To provide for automatic control of depth of anes 

thesia, the apparatus of Figure 3 includes a gas analyzer 
42' connected in conduit 40' between the outlet port 12' 
of the manifold and the mentioned gas flow junction 
131. The analyzer 42 may be an analyzer generally 
like the analyzer 42 of the Figure 1 apparatus except 
that analyzer 42' is adapted to analyze the output gas 
for a percentage content of cyclopropane rather than for 
a percentage content of carbon dioxide. It will be noted 
that the aforementioned text by Otto Glasser describes 
on page 1024 and on page 1036 the details of analyzers 
Suitable for both such purposes. 
As is to be expected, cyclopropane analyzer 42 repre 

sents the outcome of its analysis for this gas in the 
form of electrical signals. 
The Figure 3 apparatus, like the Figure 1 apparatus 

includes an automatic means responsive to the signals of 
the analyzer for adjusting the regulator mechanism for 
the input gas to produce a preselected bodily state of 
functioning of the subject. Thus in the present instance 
the automatic means adjusts the setting of the adjustable 
needle valve i38 to govern the relative percentages of 
cyclopropane and oxygen injected into the circulating 
anesthetic mixture to thus bring the subject to or main 
tain the subject at a preselected depth of anesthesia. 
This automatic means is analogous to that previously de 
Scribed for the Figure 1 apparatus in that it is comprised 
of the components of a reference signal generating means 
109', a subtracting chopper amplifier i20', a power ampli 
fier 121”, a servomotor 22' and a phase shifter E26”, “ 
the mentioned components being constructed and mu 
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tually cooperative in a manner alike to the correspond 
ing components of the Figure 1 apparatus. The auto 
matic means of the Figure 3 apparatus differs, however, 
in one important respect, now to be described, from the 
automatic means of the Figure 1 apparatus. 

It will be noted in the Figure 3 apparatus that the 
conduit 40', which serves among other uses to couple 
the cyclopropane analyzer 42 in responsive relation 
with the output gas, permits the free flow of output gas 
during the whole of each exhalation period by the subject. 
This free flow of output gas in conduit 40' is preferable 
in a closed loop anesthetic administering system (of 
which conduit 40' represents a section of the loop) in 
order to avoid the setting up of pressure stresses in the 
circulating anesthetic mixture as a result of interruption 
of the free circulation. It follows, however, that with 
free flow of output gas through conduit 40 during the 
whole of each exhalation, the output signals from 
analyzer 42 will also extend over the whole of each 
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2 
exhalation. Thus these analyzer signals will, as the 
unmodified output of the analyzer, be indicative of both 
the intra-exhalation fluctuations and the inter-exhalation 
trend in percentage content of anesthetic gas in the out 
put gas, rather than being the desired indication of the 
trend in percentage content dissociated from the fluctua 
tions thereof. 

For the purpose of rendering the Figure 3 apparatus 
responsive primarily to this trend in percentage content. 
the apparatus is provided with a sampling means in the 
form of a pressure sensitive switch 150 and a sampling 
relay 151. Considering first the switch, this component 
comprises a gas tight container 152, a resilient diaphragm 
153 of electrically conducting material dividing the interior 
of container 152 into left hand and right hand gas tight 
chambers 154, 155, a contact 56 mounted on diaphragm 
153, and a pair of fixed contacts 157, 158 respectively 
located within chambers 154 and 155 to respectively close 
with contact 56 when diaphragm is3 is in an expanded 
and a contracted condition. Normally diaphragm 153 
is in contracted condition so that the contact 156 of the 
diaphragm is electrically closed with the right hand fixed 
contact 158. 

For control of the expansion and contraction of dia 
phragm 153, the left-hand chamber 154 of container 152 
is connected by a conduit 160 to a junction 161 of this 
conduit with a section of conduit 40' between manifold 
10' and analyzer 42'. The right-hand chamber 155 of 
container 152 is connected by a conduit 62 with the gas 
flow junction 131. During the major time interval of a 
respiration by the subject, the fluid pressure in conduit 40' 
at the junction 161 is either greater than or substantially 
equal to the fluid pressure at junction 131. These relative 
pressure conditions are duplicated by the relative condi 
tions of the pressures within chambers 154 and 155 to 
maintain diaphragm 153 in contracted state to thus keep 
contact 156 closed with contact 158. At the beginning 
of inhalation, however, the initial indrawing of breadth 
by the subject reduces the pressure at junction 161 below 
the pressure at gas junction 131, the mentioned pressure 
reduction being augmented by the action of check valve 
41 in preventing flow of gas from junction 131 towards 

the other junction. The resulting pressure reduction in 
chamber 154 of container 452, relative to the pressure 
in chamber 155 thereof, causes diaphragm 153 to expand 
so that contact 156 moves leftward to momentarily close 
with contact 157. At this time the output gas within 
analyzer 42 is that fraction of the output gas expelled 
by the subject substantially at the end of exhalation. 
Of course, the described momentary pressure drop is 
speedily relieved by flow of gas from conduit 23 through 
manifold 10' into conduit 40, the diaphragm 153 hence 
recontracting after a short interval to break the contact 
of elements 156, 157 and to reestablish the contact of 
elements 156 and 158. 
The contacts 156 and 158 are in a condenser charging 

circuit consisting, in series connection, of contact 156, 
the diaphragm i53, a capacitor 165, a charging source 
shown as the battery 166, a resistor 167, and the contact 
158. When contacts 156 and 58 are closed, the con 
denser 165 charges up through the described circuit to 
output voltage value of the battery 166. The contact 156 
is also in a discharging circuit for capacitor 165, this 
discharging circuit consisting of the upper side of the 
capacitor, the diaphragm 153, contact 156, contact 157, 
a relay winding 170 of sampling relay 5, and a return 
through ground to the lower side of capacitor 165. 
When contact 156 momentarily closes with contact 157, 
the previously charged capacitor discharges through the 
circuit just described to produce a momentary energiza 
tion of relay winding 170. This energization occurs at 
the beginning of inhalation when, it will be recalled, the 
output gas within analyzer 42 is substantially of end 
of-exhalation nature. 
The relay winding 170 of sampling relay 151 operates 
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when energized to close together the movable and fixed 
contacts 71, 72 of a switch disposed in circuit between 
the output of power amplifier 121 and the phase winding 
124 of servomotor 122. Accordingly, the signals which 
operate the servomotor are rendered indicative of the 
specific value at the end of exhalation of the percentage 
content of anesthetic gas in the output gas. The servo 

' motor 122 in its action of adjusting needle valve 138 is 
thus made responsive to the inter-exhalation trend in 
the mentioned percentage content rather than to the intra 
exhalation fluctuations thereof. From the foregoing the 
operation of the apparatus in Figure 3 will be largely self 
evident. ... The reference signal generating means 109' 
provides a reference signal of a value representing a pre 
selected depth of anesthesia for the subject. If the subject 
is or becomes under-anesthetized with respect to this 
depth, the resulting lack of cyclopropane in the blood 
stream of the patient will be manifested at the end of 
exhalation by a low or lowered percentage content of 
cyclopropane in the output gas. This under value of 
cyclopropane has the effect, by the respective actions 
of the analyzer 42, the subtracting chopper amplifier 120, 
the power amplifier 21, the sampling relay 151 and the 
servomotor 122, of producing a setting in adjustment of 
needle valve 33 to increase the flow of cyclopropane 
through conduit 20' to thereby bring the subject to or 
restore the subject to the preselected depth of anesthesia. 
In like manner, if the subject is or becomes over-anes 
thetized, the excess of cyclopropane in the blood stream 
of the subject initiates a sequence of events in the opera 
tion of the apparatus which brings the subject to or 
restores the subject to the preselected depth of anesthesia. 

In the administration of anesthetic gases such as ethyl 
ether, chloroform and cyclopropane, which are essential 
ly not consumed or changed by the body, concentrations 
of such gases are usually administered which the patient 
may well tolerate until anesthesized to the desired level, 
after which time the administration must be continued at 
such concentrations so as to maintain an equilibrium be 
tween the anesthetic input and anesthetic output. The 
apparatus of this invention maintains the necessary. equi 
librium. For first plane anesthesia (surgical), or slight 
ly lighter, the following concentrations may be used: 

Arterial 
nput Cas Pood, 

Conc., Per Conc. 
cent by Vol.1 mgm./100 

Substance 

Ethyl ether----------------------------------. 
! Chloroform--- 
Cyclopropane----------------------------^ -- Xw X- X ~~ 

It is assumed for such concentrations to create the de 
sired equilibrium that the so-called "ventilation/perfusion 

O 
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above or below that required for the desired anesthesia, 
the automatic means responds thereto and causes the 
needle valve to increase or decrease the concentration of 
anesthetic in the input gas. The concentrations of typi 
cal anesthesia gases, which, when present in the output 
gas, give various depths of anesthesia are as follows: 

Depth of Anesthesia 

Analgesic Light Deep 

- Percei Percent | Perce?i? 
Diethyl ether ------------------------- 2 5 O 
Chloroforl------ 0.2 0.8 i. 5 
Cyclopropane ------ 5 15 25 
Ethyl Chloride.----------------------- - ?? : - - - - - - - - - 
Winy either 0.2 2 5 
Nitotis Oxide-- 65 80 ? - - - - - - - - .... 
ric::loroethlere 0.3 0.5 0.8 

When one of these gases is administered an analyzer 
is used which is capable of analyzing for the particular 
anesthetic gas administered. Thus, a chloroform ana 
lyzer is used when chloroform is administered, and an 

25 

ethyl ether analyzer is used when ethyl ether is the 
anesthetic gas administered. 

In cases where the anesthetic induces anethesia while 
the patient continues to breathe, as with cyclopropane, not 
only may the administration to one patient of cyclo 
propanel be regulated by this invention but, also, the 
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total volume exchange of respired gases. This is ac 
complished by analyzing alternate exhalations for cyclo 
propane and either oxygen or carbon dioxide. By 
arranging the apparatus in a suitable manner each ex 
halation say be analyzed for the content of both such 
gases. The sampling arrangement may be set up as 
desired. 
The above-described embodiments being exemplary 

only, it will be understood that the present invention 
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ratio” is about unity, i.e., there are no significant. por 
tions of the lungs which are either perfused by blood 
but not ventilated by gas (as in atelectasis or obstructed 
breathing) or ventilated by gas but not perfused by 
blood (emphysema). Since the arterial anesthetic blood 60 
tension is the controlling determinant of the depth of 
anesthesia where the "ventilation/perfusion ratio' is about 
unity the anesthetic partial pressure in the input gas is 
the controlling determinant of the depth of anesthesia. 
Where the "ventilation/perfusion ratio' is not close to 
unity, the input concentration of the anesthetic gas must 
be raised in accordance with the defect to maintain 
the same arterial anesthetic blood level. 
The administration of an anesthetic gas is regulated 

by the concentration of such gas in the output gas or 
exhalation as determined by the analyzer, which then 
signals the automatic means for adjusting the needle valve 
for controlling input of the anesthetic gas. The auto 
matic means is pre-set and controllable. If the analyzer 
indicates a concentration of anesthetic in the output gas 
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from the presently described embodiments. 
comprehends organizations differing in form or detail 

According 
ly, the invention is not to be considered as limited save 
as is consonant with the scope of the following claims. 

I claim: 
1. Apparatus for administering a respirable gas to a 

living subject comprising, a fluid flow system providing 
for alternate flow of input and output gas to and from 
said subject during the inhalations and exhalations there 
of, adjustable gas regulating mechanism connected in said 
system in regulating relation with said input gas to there 
by quantitatively control a bodily state of functioning of 
said subject, gas analyzer means connected in said sys 
tem in responsive relation with said output gas, said ap 
paratus being adapted by automatically analyzing said 
output gas to produce signals indicative of the bodily re 
sponse of said subject to said input gas, and automatic 
means responsive to said signals for adjusting said regulat 
ing mechanism to render said bodily state of functioning 
of said subject accordant with a preselected standard 
therefor. 

2. Apparatus as in claim 1 wherein said apparatus is 
a respirator apparatus adapted to produce forced respira 
tion of said subject. 

3. Apparatus as in claim 1 wherein said apparatus is 
an anaesthetic administration apparatus. 

4. Apparatus for administering a respirable gas to a 
living subject comprising, a fluid flow system providing 
for alternate flow of input and output gas to and from said 
subject during the inhalations and exhalations thereof, 
adjustable gas regulating mechanism connected in said 
system in regulating relation with said input gas to quan 
titatively control a property, thereof serving to quanti 
tatively control a bodily state of functioning of said sub 
ject, gas analyzer means connected in said system in re 
Sponsive relation with said output gas to automatically 
analyze the same for a property thereof characterized in 
quantitative value, by short term fluctuations and alonger 

  



2,915,056 
15 

term trend, said fluctuations and trend being manifested, 
respectively, within individual exhalations and from ex 
halation to exhalation, and being, respectively, extraneous 
to and indicative of the bodily response of said subject to 
said input gas, said analyzer means being adapted to 
generate signals as the outcome of said analysis, sampling 
means operable by repetitively sampling said fluctuations 
to render said analysis indicative in terms of said signals 
of said trend dissociated from said fluctuations, and 
automatic means responsive to said signals for adjusting 
said regulating mechanism to produce a following by 
said trend of a preselected standard of value therefor, said 
apparatus being accordingly adapted to automatically ren 
der Said bodily state of functioning of said subject ac 
cordant with a preselected standard therefor. 

5. Apparatus as in claim 4 wherein said sampling 
means establishes said trend by rendering said analysis 
indicative in terms of said signals of an end-of-exhalation 
sampling of said output gas. 

6. Apparatus for administering a respirable gas to a 
living subject comprising, a fluid flow system providing 
for alternate flow of input and output gas to and from 
said subject during the inhalations and exhalations there 
of, adjustable gas regulating mechanism connected in said 
system in regulating relation with said input gas to quan 
titatively control a property thereof serving to quanti 
tatively control a bodily state of functioning of said sub 
ject, gas analyzer means connected in said system in 
responsive relation with said output gas to automatically 
analyze the same for a property thereof indicative of 
the bodily response of said subject to said property of 
said input gas, said analyzer being adapted to generate 
signals indicative of the value of said property of said 
output gas, means adapted to develop a reference signal 
representing a preselected standard of value for said last 
named property, means for comparing said analyzer sig 
nals with said reference signal, and means responsive to 
a change established by said comparison of said analyzer 
signals away from said reference signal for adjusting said 
regulating mechanism to restore said analyzer signals to 
conformity with said reference signal, said apparatus be 
ing accordingly adapted to automatically render said 
bodily state of functioning of said subject accordant with 
a preselected standard therefor. - 

7. Apparatus for administering a respirable gas to a 
living subject comprising, a fluid flow system providing 
for alternate flow of input and output gas to and from 
said subject during the inhalations and exhalations there 
of, adjustable gas regulating mechanism connected in said 
system in regulating relation with said input gas to quan 
titatively control a property thereof serving to quanti 
tatively control a bodily state of functioning of said sub 
ject, gas analyzer means connected in said system in 
responsive relation with said output gas to automatically 
analyze the same during said respirations for a property 
thereof indicative of the bodily response of said subject 
to said property of said input gas, said analyzer being 
adapted to generate electric voltage signals indicative of 
the value of said property, of said output gas, electrical 
means for developing an electrical reference signal hav 
ing a steady voltage representing a preselected value for 
said property of said output gas, servo-amplifier means 
responsive to inputs of said analyzer signals and said 
reference signal for producing an output of an error 
signal indicative of a change in voltage of said analyzer 
signals away from said reference signal, and servo-motor 
means responsive to said error signal for adjusting said 
regulating mechanism to restore said analyzer signals to 
equality with said reference signal by the causal sequence 
described herein as following on said adjustment, said 
apparatus being accordingly adapted to automatically 
render said bodily state of functioning of said subject 
accordant with a preselected standard therefor. 

8. Apparatus as in claim 7 wherein said electrical 
means permits adjustment between one value and an 
other of the steady voltage of said reference signal. 
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9. Apparatus as in claim 7 wherein said servo-motor 

means is an electric motor adapted to receive a first in 
put of alternating current at a fixed phase and frequency, 
said servo-amplifier means is synchronized by said cur 
rent to develop an alternating error signal at said fre 
quency and of opposite phases for oppositely going 
changes of said analyzer signals away from said refer 
ence signal, and said motor is connected with said servo 
amplifier to receive any error signal developed thereby 
as a second input to said motor, said motor being adapted 
to rotate in opposite directions in the presence, respec 
tively of alternating error signals of opposite phases. 

10. Apparatus for furnishing a living subject with 
respirable gas in the nature of input gas and output gas 
during, respectively, the inhalations and exhalations of 
said subject, said apparatus comprising, a gas distributing 
manifold having first and second ports, adapter means 
for guiding gas between said manifold and the respiratory 
tract of said subject, first conduit means connected with 
said first port to supply input gas through said manifold 
to said subject, an adjustable gas regulating device con 
nected in said conduit means to regulate said input gas 
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to thereby quantitatively control a bodily state of func 
tioning of said subject, second conduit means connected 
with said second port, a gas analyzer device connected 
in said second conduit means to receive output gas from 
said subject by way of said manifold, said analyzer de 
vice being adapted by automatically analyzing said output 
gas to produce signals indicative of the bodily response 
of said subject to said input gas, and automatic means 
responsive to said signals for adjusting said regulating 
mechanism to render said bodily state of functioning of 
said subject accordant with a preselected standard therefor. 

11. Apparatus for furnishing a living subject with re 
spirable gas in the nature of input gas and output gas 
during, respectively, the inhalations and exhalations of 
said subject, said apparatus comprising, a gas distributing 
manifold having first and second ports, adapter means 
for guiding gas between said manifold and the respiratory 
tract of said subject, first conduit means connected with 
said second port to supply input gas by way of said 
manifold to said subject, an adjustable gas regulating 
device connected in said conduit means to quantitatively 
control said input gas as to a property thereof serving 
to quantitatively control a bodily state of functioning of 
said subject, a gas analyzer device connected in said sec 
ond conduit means to receive said output gas from said 
subject by way of said manifold, said analyzer device be 
ing adapted to automatically analyze said output gas for 
a property thereof characterized in quantitative value 
by short term fluctuations and a longer term trend, said 
fluctuations and trend being manifested, respectively, 
within individual exhalations and from exhalation to ex 
halation, and being, respectively, extraneous to and in 
dicative in degree of the bodily response of said subject 
to said property of said input gas, said analyzer being 
further adapted to generate electric signals as the outcome 
of said analysis, a sampling device operable by repetitive 
ly Sampling said fluctuations to render said analysis in 
dicative in terms of said signals of said trend disso 
ciated from said fluctuations, electrical means for develop 
ing an electrical reference signal representing a prese 
lected standard of value for said property of said output 
gas, a servo-amplifier responsive to inputs of said analyzer 
signals and said reference signal for producing an output 
of an error signal indicative of change in said analyzer 
signals away from said reference signal, and servo-motor 
means responsive to said error signal for adjusting said 
regulating mechanism to produce a restoration of said 
analyzer signals with said reference signal by the causal 
sequence described herein as following on said adjust 
ment, said apparatus being accordingly adapted to render 
Said bodily state of functioning of said subject accordant 
with a preselected standard therefor. 1 

12. Apparatus for furnishing a living subject with re 
spirable gas in the nature of input gas and output gas 
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during, respectively, the inhalations and exhalations of 
said subject, said apparatus comprising, a gas distributing 
manifold having first and second ports, adapter means for 
guiding gas between said manifold and the respiratory 
tract of said subject, first conduit means connected with 
said first port to supply input gas by way of said manifold 
to said subject, an adjustable gas regulating device con 

s 

nected in said first conduit means to quantitatively con 
trol Said input gas as to a property thereof serving to 
quantitatively control a bodily state of functioning of said 
subject, second conduit means connected with said second 
port, a gas analyzer device connected in said second con 
duit means to receive said output gas from said subject 
by way of said manifold, said analyzer device being 
adapted to, automatically analyze said output gas for a 
property thereof characterized in quantitative value by 
short term fluctuations and a longer term trend, said 
fluctuations and trend being manifested, respectively, 
within individual exhalations and from exhalation to ex 
halation, and being, respectively, extraneous to and indic 
ative of the bodily response of said subject to said prop 
erty of said input gas, said analyzer being further adapted 
to generate electric signals as the outcome of said analy 
sis, a sampling device, operable in timed relation with 
changeover in respiration of said subject from exhalation 
to inhalation for rendering said analysis indicative in 
terms of said signals of an end-of-exhalation sampling 
of said output gas for said property thereof, said sam 
pling means thereby rendering said signals indicative of 
said trend dissociated from said fluctuations, electrical 
means for developing an electrical reference signal hav 
ing a steady voltage representing a preselected value for 
said property of said output gas, a servo amplifier re 
sponsive to inputs of said analyzer signals, said reference 
signal, and an alternating chopping signal of fixed fre 
quency and phase for producing an output of an alter 
nating error signal of said frequency and of opposite 
phases when said analyzer signals change in one and the 
other direction away from said reference signal, and an 
electric motor mechanically coupled with said regulator 
device to adjust the same, electrically coupled with said 
amplifier to receive said error signal as one input, and 
electrically coupled to receive an alternating current of 
said frequency and of fixed phase as another input, said 
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notor being respectively responsive to error signals of 45 
opposite phases to produce opposite direction adjust 
ments of said regulator device serving to equalize said 
analyzer signals with said reference signal, said apparatus 
being accordingly adapted to automatically render said 
bodily state of functioning of said subject accordant with 
a preselected standard therefor. 

13. Apparatus for administering respirable gas to a liv 
ing subject comprising, a source of input gas under pres 
Sure, a manifold having an inlet port and an outlet port, 
adapter means for guiding the flow of gas between said 
manifold and the respiratory tract of said subject, first 
conduit means disposed between said source and said 
inlet port to supply input gas to said manifold, valve means 
for opening said inlet port, timing means for actuating 
said valve means to open said inlet port intermittent 
ly to thereby induce respirations in said subject consisting 
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of alternate inhalations of input gas responsive to the . 
pressure thereof, and of exhalations of output gas, an 
adjustable pressure regulator for said input gas disposed 
in said conduit means between said source and said in 
let port, second conduit means connected with said out 
let port, an analyzing device connected in said second 
conduit means and adapted to provide electric signals as 
a function of the carbon dioxide content of said output 
gas, Sampling means connected in said second conduit 
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matic means responsive to said signals for adjusting said 
regulator to maintain a preselected depth of respiration 
for said subject. . . . . . . . 

14. Apparatus for administering anaesthetic to a liv 
ing subject comprising, a manifold having an inlet port 
and an outlet port, adapter means for guiding gas 'be 
tween said manifold and the respiratory tract of said 
subject, first conduit means comprised both of a pair of 
conduits respectively adapted to carry anaesthetic gas 
and oxygen and of a third conduit connected between 
said inlet port and both of said pair of conduits to mix 
said anaesthetic gas and oxygen, the intermixture there 
of being the input gas for said subject, an adjustable 
regulator connected in said conduit carrying anaesthetic 
gas to meter the amount thereof flowing to said third 
conduit to thereby control the percentage thereof present 
in said input gas, second conduit means connected with: 
said outlet port, valve means for directing into said 
second conduit means the flow of output gas from said 
subject into said manifold, an analyzer device connected 
in said second conduit means to generate electric voltage 
signals as a function of the content of anaesthetic gas in 
said output gas, electric circuit means adapted to de 
velop a steady reference voltage representing a preselected 
depth of anaesthesia for said subject, servo-amplifier 
means responsive to inputs of said analyzer signals and 
said reference signal to develop an output of an error 
signal indicative of change in said analyzer signals away 
from said reference signal, switch means responsive to 
the pressure drop in said manifold during changeover in 
the respiration of said subject from exhalation to in 
halation to close a circuit for said error signal as a con 
sequence of said pressure drop, said error signal being 
thus rendered indicative of an end-of-exhalation sampling 
for said anaesthetic gas content, and a servomotor oper 
able by flow of error signal in said closed circuit to ad 
just said regulator to produce a restoration of said ana 
lyzer signals to conformity with said reference signal 
by the causal sequence described herein as following on 
said adjustment. 

15. Apparatus for administering a chemical to a 
patient comprising means for administering the chemical 
to the patient, means for directly receiving exhalations 
from the patient and gas analysis means directly com 
municating therewith for analyzing the undiluted exhala 
tions from the patient, and means actuated by the gas 
analysis means for controlling the means for adminis 
tering the chemical to the patient. 

16. Apparatus comprising means for administering 
a therapeutic treatment to a patient, means for directly 
receiving exhalations from the patient and gas analysis 
means directly communicating therewith for analyzing 
the undiluted exhalations from the patient, and means 
actuated by the gas analysis means for controlling the 
means for administering the therapeutic treatment to 
the patient. 

17. Apparatus comprising means for supplying an in 
halation gas to a patient, means for directly receiving 
exhalation from a lung of the patient and gas analysis 
means directly communicating therewith for analyzing 
the undiluted exhalations from the patient, and means. 
actuated by the gas analysis means for controlling the 
means for Supplying the inhalation gas to the patient. 

18. Apparatus comprising means for supplying an 
inhalation gas to a patient, means for directly receiving 
exhalations from a lung of a patient and gas analysis 
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means between said manifold and said analyzing device, 
said sampling means being controlled by said timing 
means to draw off a sample of the output gas present in 
said manifold at the end of exhalation and to thereafter 
discharge said sample into said analyzer means, and auto 75 

means directly communicating therewith for analyzing 
the undiluted exhalations from the patient, and means 
actuated by the gas analysis means for automatically 
controlling the means for supplying the inhalation gas 
to regulate the composition of the inhalation gas to 
the patient. 

19. Apparatus comprising means for supplying an in 
halation gas to a patient, means for directly receiving 
exhalations from a lung of a patient and gas analysis 
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means directly communicating therewith for analyzing 
the undiluted exhalations from the patient, and means 
actuated by the gas analysis means for controlling the 
means for supplying the inhalation gas to regulate the 
composition of an inhalation gas to the patient. 
20. Apparatus comprising means for supplying an 

anesthetic gas to a patient, means for directly receiving 
exhalation undiluted from a lung of the patient and 
gas analysis means directly communicating therewith 
for determining the anesthetic gas content of the exhala 
tion and means actuated by the gas analysis means for 
controlling the administration of the anesthetic gas by 
the supply means to the patient. 

21. The apparatus of claim 20 in which the gaS ana 
lysis means analyzes cyclopropane. - 

22. Apparatus comprising means for administering a 
therapeutic gas to a patient, means for directly receiving 

20 
exhalation from talung of the patient and gas analysis: 
means directly communicating therewith for analyzing 
the undiluted exhalation from the patient, and means 
actuated by the gas analysis means for controlling the 
means for supplying the therapeutic gas so that adminis 
tration of the therapeutic gas may be regulated. 
alysis means analyzes carbon dioxide. . 

23. The apparatus of claim 22 in which the gas an 
24. The apparatus of claim 22 in which the gas an 

10... alysis means analyzes oxygen. 
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