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157] ABSTRACT
A device in a lung ventilator for measuring the tidal

volume for exhaled gas volume, comprising a rigid
container divided in two separate compartments by a
flexible, substantially freely movable, internal partition
wall so that the sum of the volumes of the two com-
partments is always constant and independent of the
position of the partition wall. One compartment is
connected to a conduit leading to the respiratory ways
of the patient during the exhalation phase of the venti-
lation cycle of the ventilator so as to receive the gas
being exhaled by the patient and to the ambient atmo-
sphere during the inhalation phase of the ventilation
cycle. The other compartment in the container is con-
nected to a device for injecting a predetermined con-
stant gas flow into this other compartment. The injec-
tion of this constant gas flow is started at the end of
the exhalation phase of the ventilator, when the com-
munication between the first compartment in the con-
tainer and the conduit leading to the respiratory ways
of the patient is interrupted, and is automatically in-
terrupted when said first compartment has attained its
smallest possible volume, that is when it has been
emptied of all exhaled gas. The device for injecting
the constant gas flow in the second compartment of
the container is preferably controlled from a pressure
transducer sensing the gas pressure in said second
compartment. The duration of the constant gas flow
injected in the second compartment of the container is
measured; this duration being directly proportional to
the gas volume exhaled by the patient during the pre-
ceding exhalation phase.

2 Claims, 4 Drawing Figures
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DEVICE FOR MEASURING THE TIDAL GAS
VOLUME IN A LUNG VENTILATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention rclates to a device in lung ventilators
for measuring the so called tidal volume, that is the gas
volume exhaled by the patient.

2. Description of the Prior Art

It is a very important and well known requirement in
connection with lung ventilators that the gas volume
exhaled by the patient can be measured as accurately
as possible, as this gas volume corresponds cxactly to
the volume of gas actually supplied to the patient, pro-
vided that no leaks exist in the exhalation pipe from the
patient to the measuring device. Devices of various de-
signs for measuring the exhaled gas volume in lung ven-
tilators are known in the prior art. These prior art de-
vices can in the main be regarded as belonging to two
different types, namely on the one hand continuously
operating meters as for instance various types of rotor
meters, and on the other hand intermittently operating
meters, in which the exhaled gas from one or possibly
several successive exhalation phases is collected in an
expansible or inflatable container, as for instance a gas
bell or a bellows, the expansion of which is measured
for determining the volume of the exhaled gas and
which is subsequently emptied before its next filling
with exhaled gas. However, all prior art devices have as
a common disadvantage that they are comparatively
complicated and thus expensive and sensitive to dis-
turbances and/or that they have an unsatisfactory mea-
suring accuracy, in particular for small tidal volumes.

SUMMARY OF THE INVENTION

The object of the invention is therefore to provide an
improved device for measuring the exhaled gas volume
in lung ventilators.

For this object the invention provides a device for
measuring the exhaled gas volume in a lung ventilator,
which comprises a rigid container provided with an in-
ternal, freely movable partition wall dividing the inte-
rior of the container in first and second separate com-
partments in such a manner that the sum of the vol-
umes of said first and second compartments remains
constant and independent of the actual position of the
partition wall and that any change in the position of the
partition wall results in equally large but opposite
changes in the volumes of said first and second com-
partments, valve means for putting said first compart-
ment in communication with a conduit leading to the
respiratory ways of the patient during the exhalation
phase of the ventilation cycle of the lung ventilator and
in communication with the ambient atmosphere during
the inhalation phase of the ventilation cycle, means for
injecting a predetermined constant gas flow into said
second compartment, means for activating said gas
flow injecting means to start said constant gas flow
when at the end of the exhalation phase the communi-
cation between said first compartment and said conduit
leading to the respiratory ways of the patient is inter-
rupted, pressure transducer means responsive to the
gas pressure in said second compartment for initiating
said gas flow injecting means to interrupt said constant
gas flow and instead put said second compartment in
communication with the ambient atmosphere when
said first compartment attains its minimum value and
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2

as a result thercof the pressure in said second compart-
ment rises momentarily, and means for measuring the
duration of said constant gas flow.

In a preferred embodiment of the invention the pres-
sure transducer means responsive to the gas pressure in
the second compartment of the container are designed
to produce an clectric signal representing said gas pres-
sure and the time measuring means are responsive to
this electric signal so as to start the time measuring pro-
cess in response to the pressure rise resulting from the
starting of the constant gas flow and to interrupt the
time measuring process in response to the pressure rise
appearing when said second compartment of the con-
tainer attains its maximum volume.

The device according to the invention has a compar-
atively simple structural design and is therefore inex-
pensive and reliable. Further, the device according to
the invention makes it possible to measure large tidal
volumes, as the expansible compartment, in which the
exhaled gas is collected, is emptied positively during
the following inhalation phase, and has at the same
time a good accuracy also for small tidal volumes, as
the volume measurement can be based on an electronic
time measurement. Further, the accuracy of the device
according to the invention is not dependent on any ac-
curate tolerances in the design of the container and its
internal partition wall or the accuracy of the move-
ments of the partition wall as is the case in many prior
art devices, where the measurement is based on obser-
vation of the movements of the partition wall.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be further de-
scribed with reference to the accompanying drawings.
which illustrate by way of example some embodiments
of a device according to the invention. In the drawings:

FIG. 1 illustrates schematically a first embodiment of
a device according to the invention,

FIG. 2 illustrates schematically a second embodiment
of a device according to the invention;

FIG. 3 is a diagram illustrating the pressure as a func-
tion of time during the emptying of the inflatable com-
partment used for collecting the exhaled gas in the de-
vice illustrated in FIG. 2; and

FIG. 4 is a diagram illustrating the time derivative of
the pressure signal in FIG. 3.

In FIGS. 1 and 2 electric signal connections are indi-
cated by solid lines provided with arrows indicating the
direction of signal transfer. In FIG. 1 as well as FIG. 2
only the device according to the invention is shown,
whereas all other parts of the lung ventilator, with
which the devices according to the invention is associ-
ated, are omitted, as these other parts of the lung venti-
lator can be of any conventional type already well
known in the art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The device according to the invention illustrated

- schematically and by way of example in FIG. 1 com-

prises a rigid container 1, the interior of which is di-
vided in two separate compartments 2 and 3 by a flexi-
ble, substantially freely inflatable bag 4, which thus
forms a partition wall between the two compartments
2 and 3. It is appreciated that the sum of the volumes
of the two compartments 2 and 3 is always constant and
that any change in the volume of one of these compart-
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ments results in an cqually large but opposite change in
the velume of the other compartment.

The compartment 3 inside the bag 4 can by means of
a valve device 5 be put into communication alterna-
tively with a pipe conduit 6 leading to the respiratory
ways of the patient or with the ambient atmosphere. As
schematically indicated with an electric signal connec-
tion 7. the valve device § is controlled from the control
unit of the lung ventilator in such a manner that the in-
terior 3 of the bag 4 communicates with the pipe con-
duit 6 leading to the respiratory ways of the patient dur-
ing the exhalation phase of the ventilation cycle of the
ventilator, whercas it communicutes with the ambient
atmosphere during the inhalation phase of the ventila-
tion cycle.

The compartment 2 in the container 1 outside the
bag 4 can through a valve device 8 be connected cither
to a device 9 for injecting a predetermined, constant
gas flow into the compartment 2 or to the ambient at-
mosphere. The device 9 can be of any suitable conven-
tional design, for instance consisting of a pressurized
gas source with predetermined constant pressure and a
restriction determining the rate of the gas flow. The
valve device 8 is normally in the position, in which the
compartment 2 in the container 1 is communicating
with the ambient atmosphere, but is operated from the
control unit of the fung ventilator in such a manner that
at the end of the exhalation phase of the ventilation
cycle the valve device interrupts the communication
between the ambient atmosphere and the compartment
2 and instead opens the communication between the
compartment 2 and the device 9 so that a constant gus
flow from the device 9 is injected into the compartment
2, The valve device 8 is returned to its normal position
in response to a control signal from a pressure trans-
ducer 10 connected to the compartment 2 in the con-
tainer 1, as will be described more in detail in the fol-
lowing.

Further, the device comprises a time measuring de-
vice 11, which is started by the control unit of the lung
ventilator at the end of the cxhalation phase of a venti-
lation cycle and is stopped again in response to the sig-
nal from the pressure transducer 10 at the same time
as the constant gas flow from the device 9 into the com-
partment 2 of the container 1 is interrupted.

The device illustrated in FIG. 1 operates in the fol-
lowing manner. During the exhalation phase of a venti-
lation cycle of the ventilator the two valve devices §
and 8 are in positions opposite to those illustrated in
the drawing, wherefore the compartment 3 inside the
bag 4 communicates with the pipe conduit 6 leading to
the respiratory ways of the patient, whereas the com-
partment 2 outside the bag 4 communicates with the
ambient atmosphere. The gas volume exhaled by the
patient flows consequently into the interior 3 of the bag
4, which is thus inflated to a corresponding degree at
the same time as the volume of the compartment 2 is
reduced. At the end of the exhalation phase the two
valve devices 5§ and 8 are returned in response to the
control unit of the ventilator to the positions illustrated
in the drawing, whereby the interior 3 of the bag 4 is
put into direct communication with the ambient atmo-
sphere, whereas the compartment 2 outside the bag 4
is connected to the device 9, which starts to inject a
constant gas flow into the compartment 2. At the same
time the time measuring device 11 is also started.
Under the effect of the constant gas flow injected into
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the compartment 2 outstde the bag 4 from the device
9 the bag 4 is emptied through the valve device 5 to the
ambient atmosphere. It is appreciated that the rate of
emptying the bag 4 will be constant and directly pro-
portional to the rate of the gas flow from the device 9,
wherefore the time for a complete emptying of the bag
4, that is until the compuartment 3 within the bag 4 at-
tains its smallest possible volume, will be directly pro-
portional to the gas volume exhaled by the patient dur-
ing the preceding exhalation phase, as this gas volume
was collected in the bag 4.

When the bag 4 has been completely emptied as de-
scribed above and thus the compartment 3 has attained
its smallest possible volume, the pressure in the com-
partment 3 will rise stecply due to the gas flow from the
device 9. This steep and large pressure rise is sensed by
the pressure transducer 10, which produces a corre-
sponding output signal, which on the one hand stops
the time measuring device 11 and on the other hand re-
turns the valve device 8 to its other position so that the
gas flow from the device 9 into the compartment 2 of
the container 1 is interrupted and the compartment 2
is instead put into communication with the ambient at-
mosphere.

From the above description of the operation of the
device it is appreciated that the time interval measured
by the time measuring device 11 will be directly pro-
portional to the gas volume which is expelled from the
interior 3 of the bag 4 and thus to the gas volume ex-
haled by the patient during the preceding exhalation
phase. A direct measure of this gas volume is obtained
by multiplying the time measured by the time mcasur-
ing device 11 and the rate of the constant gas flow from
the device 9.

The device according to the invention illustrated in
FIG. 1 has obviously a gas consumption - from the de-
vice 9 - which is equal to the gas volume exhaled by the
patient. This comparatively large gas consumption may
be a disadvantage, particularly if the lung ventilator is
driven from its own compressor. FIG. 2 in the drawings
shows schematically a device according to the inven-
tion, which constitutes an improvement in this respect
and which is also simplified in some other respects.

The device according to the invention shown in FIG.
2 comprises also a rigid container 12, the interior of
which is divided in two separate compartments 13 and
14 by a flexible, substantially freely movable dia-
phragm 185, which can move between the two extreme
positions indicated with dotted lines.

The compartment 14 can be put into communication
with the pipe conduit 17 leading to the respiratory ways
of the patient through a valve 16 operated from the
control unit of the lung ventilator and with the ambient
atmosphere through a biased check valve 18, The valve
16 is operated from the control unit of the ventilator in
such a manner that it is closed during the inhalation
phase and open during the exhalation phase of the ven-
tilation cycle of the ventilator. Consequently, the gas
volume exhaled-by the patient during the exhalation
phase flows into the compartment 14 of the container
12 resulting in an increase of the volume of the com-
partment 14 and a corresponding reduction of the vol-
ume of the compartment 13. The biassing of the check
valve 18 is such that the valve does not open under the
influence of the pressure arising in the compartment 14
during the exhalation phase but only for a predeter-
mined higher pressure.
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The compartment 13 in the container 12 communi-
cates with the ambient atmosphere through an ejector
device 19, which is connected to a device 20 producing
a drive gas flow for the ejector 19 having a predeter-
mined constant flow rate and pressure, whereby the
ejector device 19 will under the influence of this drive
gas flow inject a predetermined constant gas flow into
the compartment 13 of the container 12. The major
portion of this gas flow is of course taken from the am-
bient atmosphere. By proper design of the ejector de-
vice 19 it is possible to achieve that at least 90 percent
of the gas flow injected into the compartment 13 is
taken from the ambient atmosphere. It is appreciated
that in the absence of a drive gas flow from the device
20 to the cjector device 19 the compartment 13 of the
container 12 is communicating directly with the ambi-
ent atmosphere through the ejector device. The device
20 can be of any suitable conventional type and for in-
stance consist of a source of pressurized gas with prede-
termined constant pressure and a restriction for deter-
mining the rate of the gas flow; the drive gas flow to the
ejector 19 being started and interrupted respectively by
means of any suitable valve device.

The device 20 is started to supply the necessary drive
gas flow to the ejector 19, whereby a constant gas flow
is injected into the compartment 13 of the container
12, by actuation from the control unit of the ventilator
at the ¢nd of the exhalation phase simultaneously with
the closing of the valve 16. The injection of the con-
stant gas flow in the compartment 13 results in a very
rapid increase of the pressure in the compartment 13
up to the opening pressure for the check valve 18, as
shown at the time 1, in the pressure diagram in FIG. 3.
This pressure rise is sensed by the pressure transducer
21 connected to the compartment 13. The pressure sig-
nal from the pressure transducer 21 is preferably differ-
centiated so that a corresponding signal pulse A is.pro-
duced, as shown in the diagram in FIG. 4. This signal
pulse starts a time measuring device 22.

After the opening of the check valve 18 at the time
t;, the constant gas flow from the ejector 19 into the
compartment 13 will cause a corresponding emptying
of the compartment 14 to the ambient atmosphere
through the check valve 18. When the compartment 14
is completely emptied, that is has attained its smallest
possible volume, the pressure in the compartment 13
will once again rise steeply, as illustrated at the time ¢,
in the pressure diagram in FIG. 3. Also this pressure
risc is sensed by the pressure transducer 21 and its dif-
ferentiated pressure signal will consequently display a
signal pulse B, as shown in the diagram in FIG. 4. In re-
sponse to this signal pulse B the time measuring device
22 is stopped and the device 20 is actuated to interrupt
the drive gas flow to the ejector 19. Consequently, the
‘injection of a constant gas flow into the compartment
13 of the container 12 is interrupted and this compart-
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ment 13 is instead put into direct and free communica-
tion with the ambient atmosphere through the non-
operating ejector 19.

It is realized that also in this case the time interval At
in FIGS. 3 and 4 as measured by the time measuring de-
vice 22 will be directly proportional to the gas volume
expelled from the compartment 14 to the ambient at-
mosphere and thus also directly proportional to the gas
volume exhaled by the patient during the preceding ex-
halation phase.

What we claim is:

1. A device in a lung ventilator for measuring the gas
volume exhaled by a patient, comprising a rigid con-
tainer provided with an internal freely movable parti-
tion wall dividing the interior of the container into a
first and a second compartment in such a way that the
sum of the volumes of said first and second compart-
ments is constant and independent of the position of
said partition wall and any change of the position of
said partition wall results in equally large but opposite
changes in the volumes of said first and second com-
partments; valve means for putting said first compart-
ment into communication with a gas conduit leading to
the respiratory ways of the patient during the exhala-
tion phase of the ventilation cycle of the ventilator and
in communication with the aumbient atmosphere during
the inhalation phase of the ventilation cycle; means for
producing a predetermined constant gas flow and in-
jecting this constant gas flow into said second compart-
ment; means for activating said gas flow producing
means to start the injection of said constant gas flow
into said second compartment when at the end of the
exhalation phase the communication between said first
compartment and said conduit leading to the respira-
tory ways of the patient is interrupted; pressure trans-
ducer means responsive to the gas pressure in said sec-
ond compartment for actuating said gas flow producing
means to interrupt the injection of said constant gas
flow into said second compartment and instead putting
said second compartment into communication with the
ambient atmosphere when said first compartment at-
tains its smallest possible volume and the pressure in
said second compartment thus rises momentarily; and
time measuring means for measuring the duration of
said constant gas flow.

2. A device as claimed in claim 1, wherein said pres-
sure transducer means provides an electric output sig-
nal representing the gas pressure in said second com-
partment and said time measuring means is controlled
by said electric output signal so as to start its time mea-
suring process in response to the pressure rise caused
by the starting of said constant gas flow and to interrupt
its time measuring process in response to the pressure
rise produced when said second compartment attains

its maximum possible volume.
* * % * %



