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57 ABSTRACT 
A ventilator apparatus having (i) a main outlet which 
supplies breathing gas during each inspiratory phase 
and supplies none during each expiratory phase, (2) a 
pressure switch that provides gas under pressure dur 
ing each inspiratory phase and is cut off and bled to 
atmosphere during each expiratory phase, is con 
nected to a patient's breathing circle via a series of el 
ements having a substantial volume and a substantial 
compliance. The present invention interposes a com 
pliance isolation switch between these elements and 
the patient's breathing circle. This switch has a control 
means connected by a control line to the pressure 
switch for opening the switch at the beginning of each 
inspiratory phase and for closing it at the beginning of 
each expiratory phase. 

8 Claims, 3 Drawing Figures 
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WENTELATORWTH COMPLIANCE SOLATON 
SWITCH 

CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of applica 
tion Ser. No. 299,148, filed Oct. 19, 1972 and now 
abandoned. 

BACKGROUND OF THE INVENTION 
This invention relates to improvements in ventilators 

for supplying human lungs with air or oxygen. It relates 
to a particular problem concerned with the compliance 
of the portions of the ventilator lying beyond the outlet 
valve, and it relates to a compliance isolation switch for 
use in this circuit. 
Between the main outlet of the ventilator and the pa 

tient airway, there are often a number of components, 
each of which has significant internal volume. For ex 
ample, there may be a bacteria filter and a humidifier, 
and there may be large diameter tubes for conducting 
the air or oxygen. When these components are all taken 
together, their combined compliance is significant. By 
the term "compliance' is meant the volume change per 
unit of pressure change; when the inspiratory pressure 
is multiplied by the compliance, the product is the vol 
ume of breathing gas at atmospheric pressure that must 
be supplied in order to fill these components to the 
needed pressure, before any of the breathing gas is sup 
plied to the patient. 
For example, when certain types of ventilators oper 

ate in a mode called the “control mode,' the patient is 
supplied with a predetermined volume of breathing gas 
for each cycle of breathing during the inspiratory 
phase; during this control mode a pressure is created in 
the patient's airway and in the components which con 
nect the ventilator to the patient's airway. A portion of 
the volume delivered is retained in these components 
of the breathing circuit in order to develop that pres 
sure. This retained volume is equal to the compliance 
times the inspiratory pressure. For example, a typical 
breathing circuit may have a compliance in the range 
of 3 to 5 ml per cm of water. If the inspiratory pressure 
reaches 40 cm of water, then the compliance repre 
sents a volume of 120 to 200 ml of breathing gas re 
tained by the breathing circuit. Thus, if the volume de 
livered is preset at 500 ml for a typical adult patient, a 
significant portion of this amount, amounting to 25-30 
percent of the volume supplied by the ventilator, does 
not go to the patient, but is used to supply the amount 
needed for compliance, and then that amount is wasted 
during the expiratory phase by expelling it to the atmo 
sphere. The spirometer which measures the volume 
during the expiratory phase includes in that measure 
ment the volume which comes out of the breathing cir 
cuit and so gives a somewhat false impression of how 
much the patient is using. 
The wasting of gas is, of course, expensive, and the 

figures obtained from the spirometer, intended to show 
how much ventilation gas the patient is consuming, are 
misleading. 
However, with infants there are drastic effects. When 

infants are being provided with their breathing gas by 
a ventilator, the effect of the compliance on the breath 
ing circuit becomes dramatically significant. Even a 
low-volume breathing circuit may have a compliance of 
2-3 ml per cm of water, and at an inspiratory pressure 
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2 
of 40 cm of water, a volume of 80-120 ml is retained 
in the breathing circuit, whereas the infant itself is 
breathing only about 50 ml per cycle. This means that 
in order to supply the infant with this 50 ml, the ventila 
tor must be set to deliver a volume between 130 and 
170 ml, so that the amount of gas wasted far exceeds 
the annount of gas consumed. 
Thus, with an infant, it becomes difficult to deter 

mine the volume that should be delivered by the venti 
lator in order to provide the infant with the desired vol 
ume through the patient airway. It would be very im 
portant in this instance to know the compliance of the 
breathing circuit and to be sure that it does not change 
significantly with time, such as the change that occurs 
due to a change in volume of the humidifier as the 
water level is lowered. These changes can become 
quite important to a small infant. 
Another important factor is that the flow pattern of 

the inspiratory flow into the lung of any patient is af. 
fected by the compliance of the breathing circuit. It is 
desirable, usually, to begin the inspiratory phase with 
a large and substantially instant inflow, but when the 
compliance is large - sometimes even larger than the 
amount of gas being supplied to the lung during a whole 
breathing cycle -, the effect is that a large amount of 
flow is accumulated in the breathing circuit at the be 
ginning of the inspiratory phase, during the time while 
the pressure builds up in that breathing circuit to an 
amount sufficient to overcome the resistance of the pa 
tient's airway. When the patient initiates an inspiratory 
phase, as when the device is on assist or on assist 
control, he expects to receive a large flow of breathing 
gas as soon as he triggers the ventilator, whereas actu 
ally he does not get it until somewhat later. In order to 
trigger the ventilator, the patient makes an inspiratory 
effort, and withdraws a small volume from the breath 
ing circuit to create a negative pressure. The volume 
withdrawal is related to the compliance of the breath 
ing circuit. If the compliance is 3 ml per cm of water, 
it will take a withdrawal of 3 ml to create an inspiratory 
effort of one centimeter of water. 
The present invention seeks to solve these problems 

by substantially reducing the compliance effect of the 
circuit between the outlet of the ventilator and the pa 
tient's airways. The purpose is to reduce this compli 
ance effect to a relatively insignificant amount. 

SUMMARY OF THE INVENTION 

The present invention provides a compliance isola 
tion switch which operates on a control signal from the 
ventilator to open the switch at the beginning of the in 
spiratory phase quite promptly, and to close it at the 
end of the inspiratory phase so that it is closed during 
the entire expiratory phase. By means of the compli 
ance isolation switch, the volume of breathing gas nec 
essary to meet the compliance is retained in the circuit 
elements between the compliance switch and the out 
let, during the expiratory phase. For example, the vol 
ume of the humidifier, bacteria filter, and the conduits 
are filled with gas during the expiratory phase. Then 
when the patient initiates an inspiratory phase, he gets 
an instant response. 
Thus, this compliance isolation switch, when prop 

erly located, overcomes the undesirable conditions set 
forth in the preceding section of this specification; it 
does this by isolating the portion of the breathing cir 
cuit which contains the components with compliance 
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from the low volume, low-compliance parts which 
make up the exhalation manifold and the breathing cir 
cle. 
The compliance isolation switch is placed in the 

breathing circuit upstream of the exhalation manifold 
and the breathing circle. Its actuation is synchronized 
by the ventilator. It is open during the entire inspiratory 
phase, and it is closed during the entire expiratory 
phase. As a result, the volume of the breathing circuit 
upstream of the compliance isolation switch is not ex 
hausted during the expiratory phase, and the pressure 
therein remains at the value which was reached at the 
end of the preceding inspiratory phase. Then, when the 
ventilator is in the “control mode' to supply a preset 
volume, it will establish, after a very few initial breath 
ing cycles, a steady condition in which the end inspira 
tory pressure is determined solely by the compliance of 
the lung itself and the compliance of the breathing cir 
cle with its exhalation manifold. 
For example, with the ventilator in the "control 

mode' in the first cycle, when the patient takes his very 
first breath under ventilation conditions, the end inspi 
ratory pressure is determined by the combined compli 
ance of the lung and the compliance of the total breath 
ing circuit. In the second cycle, the isolated upstream 
portion of the breathing circuit has a reduced compli 
ance, since this portion starts to build up from the pres 
sure level reached in the previous inspiratory phase. 
Thus, with the same delivered volume, the inspiratory 
pressure will be higher at the end of the second cycle. 
In the third cycle the compliance of the isolated up 
stream portion of the breathing circuit is further re 
duced, and soon the inspiratory pressure is determined 
only by the lung and the breathing circle, while the iso 
lated portion of the breathing circuit remains at that 
pressure level during each expiratory phase. 
When a ventilator having the compliance isolation 

switch of this invention is operated in the "assist 
mode,' to deliver a preset pressure, the steady-state 
condition is established immediately in the first breath 
ing cycle. 
As a result of the compliance isolation switch of this 

invention, the compliance of the breathing circle and 
the associated exhalation manifold can be made very 
small, for example, less than one-half ml per cm of wa 
ter. This minimizes the volume retained by the breath 
ing circle during volume preset operation in the control 
mode of the ventilator, typically at 20 ml at 40 cm of 
water inspiratory pressure. This makes it much easier 
to set the volume to be delivered by the ventilator in 
order to provide the desired volume in the patient's 
lung. 
Furthermore, the inspiratory flow pattern is itselfim 

proved, because a high flow is provided at the very start 
of the inspiratory phase. When the compliance isola 
tion switch opens, the airway is supplied from a source 
of breathing gas which is at the pressure level that it 
had at the end of the previous inspiratory period. 
The volume withdrawal required to create a negative 

pressure also is very small when the compliance isola 
tion switch of this invention is used, for it takes only 
about one-half ml to make an inspiratory effort of 1 cm 
of water. 
Since the compliance effect of the components lo 

cated upstream of the compliance isolation switch is 
eliminated, it becomes practical to use large volume 
components, such as bacteria filters, and cascade hu 
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4 
midifiers having considerable volumes, no matter what 
kind of patient it is being used on. The ability to use a 
cascade humidifier is significant, since this type of hu 
midifier has the preferred approach to the control of 
100 percent relative humidity at body temperature, but 
without Some sort of compliance isolation it would 
waste a considerable amount of breathing gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a diagram of a ventilator circuit in combina 

tion with a compliance isolation switch embodying the 
principles of this invention. 
FIG. 2 is a view in elevation of a compliance isolation 

switch embodying the principles of the invention. 
FIG. 3 is a view in section taken along the line 3-3 

in FIG. 2. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

FIG. 1 shows diagrammatically a ventilator 10 repre 
senting a ventilator with which this invention can be 
used. Such a ventilator 10 is shown and described in de 
tail in copending application Ser. No. 97,933 filed Dec. 
14, 1970. A supply 11 of breathing gas (air or oxygen 
or oxygen-enriched air under pressure) sends gas at a 
predetermined pressure P1 to a flow controller 12, a 
time-volume valve assembly 13, a pressure switch 14, 
and a regulator 15, via respective conduits 16, 17, 18, 
and 19. The regulator 15 reduces the pressure P1 to a 
lower level P2 and sends gas at that lower pressure to 
a main operation switch 20, via a conduit 21. 
The main operation switch 20 has two modes, a 

“control mode" during which the switch 20 makes con 
nections via the solid-line passages 22, 23, and 24, and 
an "assist mode, during which the switch 20 makes 
connections via the broken-line passages 25, 26, and 
27. 
With the switch 20 in its "control mode,' gas from 

the conduit 21 is sent via a conduit 28 to a cycle gener 
ator 30. This cycle generator 30 in turn sends gas dur 
ing the inspiratory phase only at a pressure PC1 to con 
duits 31 and 32. The conduit 31 returns to the switch 
20 where it is connected, during the "control mode" by 
the passage 23 to a conduit 33. The conduit 33 has two 
branches 34 and 35, the branch 34 sends the gas at the 
pressure PC1, during inspiratory phases only, to the 
flow controller 12. The conduit 32 sends gas at the 
pressure PC1 directly to the time-volume valve assem 
bly, where the pressure PC2 is produced in a conduit 
36 and is sent by branch conduits 37 and 38 to the 
cycle generator 30 and the flow controller respectively. 
The time-volume valve assembly 13, where the volume 
delivered to the patient is manually set, along with the 
time over which that volume is to be delivered, also re 
duces the pressure P1 to a value P3 and sends that 
value to the flow controller 12. The flow controller 12 
comprises an interrelated group of diaphragms and 
uses the pressures P1, P3, PC1, and PC2 to produce 
during inspiratory phases only an outlet flow which is 
proportional to the difference between PC1 and PC2, 
- i.e., the outlet flow from the flow controller 12 
equals k(PC1-PC2). This outlet flow is delivered to the 
patient during inspiratory phases via a breathing gas 
conduit 40 and a main outlet 41. 
Thus, in the “control mode,' the cycle generator 30 

generates from the pressures P2 and PC1 a breathing 
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cycle, alternating inspiratory phases with expiratory 
phases, and supplies the pressure PC1 during each in 
spiratory phase to the flow controller 12. The time 
volume valve assembly supplies a pressure PC2 and de 
termines the volume of gas to be delivered by the flow 
controller and the time over which that volume is to be 
delivered, and the flow controller supplies the breath 
ing gas for the main outlet 41 at a flow = k(PC1-PC2) 
during each inspiratory phase. The switch passage 24 
has no effect on this operation. 
When the main operation switch 20 is in the "assist 

mode,' the passage 25 leads nowhere. The regulator 15 
delivers its gas at pressure P2 via a conduit 42 to a de 
tector relay 43 and via a conduit 44 to a time override 
45. Both the detector relay 43 (by a conduit 46) and 
the time override 45 (by a conduit 47, a pressure set 
ting device 48 and a conduit 49) are connected to a 
sensor 50 which senses pressure changes in a conduit 
51 that, during use, is connected to the patient's airway 
via an airway outlet 52. The sensor 50 is used to initiate 
inspiratory phases when the switch 20 is in the "assist 
mode.’ 
The time override is also connected by a conduit 53 

to the outlet of a pressure regulator 54, the inlet of 
which is connected by a conduit 55 and the switch pas 
sage 27 to a conduit 56. Both the conduit 56 and the 
detector relay 43 are connected by a conduit 57 and 
the switch passage 26 to the conduit 33 and thence by 
the conduit 34 to the flow controller 12, which, as con 
trolled by the sensor 50, sends breathing gas to the pa 
tient via the conduit 40 and the main outlet 41. A gauge 
58 is connected by a conduit 59 to the airway conduit 
S. 
The ventilator 10 also provides a "nebulizer' outlet 

60 and an exhalation valve outlet 61, both controlled 
by the pressure switch 14, which itself controls trans 
mission of the gas at P1 via the conduit 17 and is con 
trolled by the gas in the conduit 35 in both modes of 
operation. The "nebulizer" outlet 60 is connected by 
a conduit 62 directly to the pressure switch 14, while 
a restrictor 63 and a bleed 64 affect the flow and pres 
sure of gas supplied to the exhalation valve outlet 61. 

Beyond the ventilator 10 is not only the patient but 
such necessary or desirable accessories as the humidi 
fier and filter and exhalation valve. Thus, at the main 
outlet 41, the breathing gas conduit 40 is connected to 
a conduit 70, which leads to a bacteria filter 71. From 
there a conduit 72 leads to a cascade humidifier 73 
containing water and consuming that water during use 
so that the volume occupied by air changes during use. 
A conduit 74 leads from the humidifier 73 to an airway 
conduit 75 that is directly connected to the patient at 
a breathing mask or circle 76. An exhalation valve 77 
is connected to the breathing circle by a conduit 78 and 
is actuated by a conduit 79, which is connected to the 
exhalation valve outlet 61 of the ventilator 10. 
The conduits 70, 72, and 74 all have volume, and so 

do the filter 71 and humidifier 73; the compliance of 
these members is the source of the problems discussed 
earlier. - 

The present invention provides a compliance isola 
tion switch 80 inserted in the conduit 74 and connected 

- by a short conduit 81 to the conduit 75. The switch 80 
is actuated by a conduit 82 connected to the "nebu 
lizer" outlet 60, and there is a restrictor 83 at the inlet 
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6 
of the conduit 84, and a bleed orifice 85 connects the 
conduit 84 to atmosphere. 
The compliance isolation switch 80 is shown in more 

detail in FIGS. 2 and 3. This switch 80 has a body 90 
divided into two chambers 9 and 92. One end of the 
body 90 is provided with a plug 93 closing the chamber 
92, and the other end is closed by a plug 94 having an 
inlet 95 which is provided with a filter 96 and is con 
nected to the conduit 82. The inlet 95 leads to a re 
duced size orifice 83 beyond which lies the bleed ori 
fice 85 and an inlet passage 98 leading into a chamber 
99, which is enclosed by a diaphragm 100. The dia 
phragm 100 may be held in place by the plug 94 press 
ing its rim 101 against the body 90. 
The main body 90 is provided with a bore 102 having 

an enlarged portion 103, a throat 104, and a portion 
105. An inlet fitting 106 leads into the enlarged bore 
portion 103, and an outlet fitting 107 leads away from 
the lower bore portion 105. A valve 110 is provided 
with a stem 111 and a stem head 112. The valve 10 
is urged by a spring 113 between the plug 93 and the 
valve 110 toward a closed position with an O-ring 114 
sealing against an insert 115 in the throat 104. The 
spring 113 also urges the head 112 of the stem 111 
against the diaphragm 100. 
The chamber 91 is connected by the inlet fitting 106 

to the conduit 74 and thence to the upstream portion 
of the breathing circuit, and the chamber 92 is con 
nected by the outlet fitting 107 to the conduit 81, the 
airway conduit 75, the breathing circle 76, and the ex 
halation manifold 77. The spring loaded valve 110 with 
its O-ring seal 114 controls the communication be 
tween the two chambers 91 and 92, and the valve 110 
is controlled by the actuating diaphragm 100 and the 
pressure in the chamber 99 behind it. 
The control signal is generated by the pressure 

reducing network of the inlet orifice 83 and the bleed 
orifice 85 and is supplied by the nebulizer outlet 60 of 
the ventilator 10. During the inspiratory phase, a con 
trol pressure is therefore applied to the actuating dia 
phragm 100 and acts to move the valve 110 downward 
and to open the passage between the two chambers 91 
and 92. During the expiratory phase, the control pres 
sure in the conduit 82 returns to atmospheric level, and 
the loading spring 113 moves the valve 110 to its closed 
position where the O-ring 114 seals the passage be 
tween the two chambers 91 and 92. The spring 113 has 
a force sufficient to seat the valve 110 against the pres 
sure which has been generated in the breathing circuit 
during the inspiratory phase, while the pressure down 
stream is exhausted by the exhalation valve 77 during 
the expiratory phase. However, if excessive pressure 
should build up in the inlet chamber 91--as it would if 
the 82 were plugged or severed so that the control sig 
nal would not be applied to the control chamber 99, or 
if the control signal failed to be applied for any 
reason-then the valve 110 acts as a relief valve and 
opens when the pressure in the chamber 9 exceeds a 
preset value determined by the compression character 
istics of the spring 113. The downstream fitting 107 and 
conduit 81 are connected to the airway pressure sensor 
50 by the conduits 75 and 51, so that the sensor 50 
within the ventilator is actuated by the pressure that ex 
ists at this point, and the gauge 58 of the ventilator 10 
indicates the value of that pressure. 
As indicated, the pressure to actuate the compliance 

isolation switch 80 may be taken from the fitting 60 on 
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the ventilator 10 that is usually used for a nebulizer, no 
nebulizer being used during this type of operation. The 
pressure at the fitting 60 is typically from 16 to 20 psi 
and is reduced to a range of between 4 to 6 psi at the 
compliance isolation switch 80 by the pressure dividing 
network built into the connecting plug 94, which com 
prises the small orifice 83 and the bleed orifice 85. 
The breathing gas supply from the flow controller 12 

via the conduit 40 and the main ventilator outlet 41 is 
shut off during each expiratory phase, and the compli 
ance with which this invention is concerned lies beyond 
this ventilator outlet 41. The switch 80 isolates the con 
duit 70, the bacteria filter 71, the conduit 72, the cas 
cade humidifier 73, and the conduit 74 from the airway 
conduit 75 during the expiratory phase. These circuit 
elements are given by way of example, and there may 
be others; also, different types of filters or humidifiers 
may be used, or these may be replaced with other types 
of devices used to service a patient. In any event, the 
compliance which is isolated comprises everything 
from the main ventilator outlet 41 to the chamber 92 
of the compliance isolation switch 80 and therefore in 
cludes the main chamber 91 of the compliance isola 
tion switch 80 itself. The delivery to the patient then 
goes on to the exhalation valve 77. 
To those skilled in the art to which this invention re 

lates, many changes in construction and widely differ 
ing embodiments and applications of the invention will 
suggest themselves without departing from the spirit 
and scope of the invention. The disclosures and the de 
scription herein are purely illustrative and are not in 
tended to be in any sense limiting. 

I claim: 
1. Ventilator apparatus comprising: 
a ventilator having means providing an inspiratory 
phase and an expiratory phase, a main outlet, 
means for opening said main outlet for supplying a 
preset volume of breathing gas through said main 
outlet during each inspiratory phase and for closing 
said outlet during each expiratory phase, and a 
pressure switch for generating a control signal hav 
ing a positive pressure during each inspiratory 
phase and cut off and bled to atmosphere during 
each expiratory phase, 

a patient's breathing circle having in series an inlet 
tubing, a tee connection to the patient, a connec 
tion tubing, and an exhalation valve which during 
the patient's exhalation opens said breathing circle 
to the atmosphere, 

a main tube connected to said main outlet, 
a series of elements connected to said main tube, said 

series of elements having a substantial volume and 
a substantial compliance, and 

a compliance isolation switch interposed between 
and connected to said series of elements and said 
inlet tubing of said patient's breathing circle, said 
compliance isolation switch comprising control 
means connected to said pressure switch and ap 
plying said control signal for opening said compli 
ance isolation switch at the beginning of each said 
inspiratory phase to provide communication for 
said breathing gas from said series of elements to 
said breathing circle and for closing it at the begin 
ning of each said expiratory phase, thereby trap 
ping breathing gas in said main tube and in said se 
ries of elements at a pressure equal to the pressure 
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reached in the breathing circle at the end of the in 
spiratory phase. 

2. The ventilator apparatus of claim 1 wherein said 
series of elements comprises a bacteria filter, a humidi 
fier, and conduits. 

3. The ventilator apparatus of claim 1 having means 
for reducing the pressure of said control signal coming 
from said pressure switch before application to said 
control means of said compliance isolation switch, 
comprising a small inlet orifice connected to said pres 
sure switch and a bleed orifice downstream of said inlet 
orifice, and passage means connecting said inlet orifice 
to said control means of said compliance isolation 
switch. 

4. The ventilator apparatus of claim 1 wherein said 
compliance isolation switch comprises: 
a housing providing an inlet chamber having an inlet 
opening connected to said series of elements and 
an outlet chamber having an outlet opening con 
nected to said breathing circle, with a throat be 
tween them, 

valve means for opening and closing said throat, 
spring means urging said valve toward its closed posi 

tion, and 
a diaphragm in said housing in engagement with said 
valve means and providing a control chamber on 
the opposite side of said diaphragm from said valve 
means, said diaphragm and control chamber com 
prising said control means, 

said control chamber being connected to said pres 
sure switch so that said control signal places in 
creased pressure on said diaphragm during each 
inspiratory phase and causes said diaphragm to 
open said valve means and enable passage of gas 
between said inlet chamber and said outlet cham 
ber, and removes the pressure from said control 
chamber during each expiratory phase, so that 
spring means then closes said valve means and iso 
lates said inlet chamber from said outlet chamber 
and thereby isolates said series of elements from 
said breathing circle. 

5. The ventilator of claim 4 having means presetting 
said valve means and said spring means to open said 
valve means even without application of said control 
signal if the pressure in said inlet chamber should ex 
ceed a predetermined value. 

6. The ventilator apparatus of claim 1 wherein said 
compliance isolation switch comprises: 
a housing providing an inlet connected to said series 
of elements and therethrough to said main outlet 
and an outlet connected to said patient's breathing 
circle, 

valve means for joining and separating said inlet and 
outlet, normally urged toward its separating posi 
tion, and 

pressure-responsive means in said housing being in 
engagement with said valve means and providing a 
control chamber, said pressure-responsive means 
and said control chamber comprising said control 
means, 

said control chamber being connected to said pres 
sure switch and having means for (1) placing pres 
sure on said pressure-responsive means during 
each inspiratory phase and causing said pressure 
responsive means to move said valve to its joining 
position enabling passage of gas between said inlet 
and said outlet, and (2) removing pressure from 
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said control chamber during each expiratory phase, pressure-reducing network including a small inlet ori 
so that the valve means then separates said inlet fice and a bleed orifice downstream of the inlet orifice. 
from said outlet. 

7. The ventilator apparatus of claim 6 wherein said 8. The ventilator of claim 6 having means for opening 
control chamber is connected to said pressure switch 5 said valve means also when pressure in said inlet ex 
through a pressure-reducing network lying between ceeds a predetermined excess value. 
said pressure switch and said control chamber, said sk K. k >k k 
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