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Description

Technical field

[0001] The present invention relates to a patient ven-
tilation system according to the preamble of claim 1. Such
a system is disclosed in EP 1 455 876 B1. The present
invention also relates to a gas identification method for
use in such a patient ventilation system.

Background of the invention

[0002] Patient ventilation systems are employed in the
administration of breathing gas to a patient, particularly
in a hospital environment, and operate to control either
or both the amount and the composition of the adminis-
trated breathing gas. As such, in the present context, the
term "ventilation system" shall encompass ventilators,
respirators and anesthesia machines as well as on-de-
mand type face masks employed in medical environ-
ments.
[0003] Patients in need of frequent respiratory treat-
ment often show a severe increase in airway resistance.
To overcome that resistance, a certain gas pressure is
needed for moving gas into and out of the lungs of the
patient. The pressure in the airway is directly related to
the dynamic pressure gradient during the respiratory cy-
cle, the flow rate of the gas, the density and viscosity of
the gas, and the caliber and length of the airway.
[0004] It is well known to mix air with oxygen to increase
the overall oxygen concentration delivered to the patient.
To decrease the pressure required for moving gas
through the airways, air can be substituted by "heliox", a
mixture of helium and oxygen. As an inert gas, helium
does not participate in any biochemical process of the
body. However, as helium is the second lightest gas, it
decreases the density and by that the required driving
pressure. Typically, helium is mixed with at least 21%
oxygen but depending on the specific conditions of the
patient, this mixture can be altered. Prior art ventilation
systems normally have at least two gas inlets, one of
which is connected to an oxygen source and the other
to a second gas source such as an air source, a heliox
source, a zenon source or a nitrous oxide source. If heliox
is used, the distribution between helium and oxygen in
the heliox mixture is typically 80 % helium and 20 % ox-
ygen (heliox 80/20), or 70 % helium and 30 % oxygen
(heliox 70/30). These external gas sources may be pro-
vided locally by pressurized bottles. Typically, there are
often more gas supplies available for connection to the
gas inlets than are required and care must be taken to
ensure that the correct supplies are connected, especial-
ly as conventional gas sources are supplied with stand-
ardized pneumatic connection terminals. The prior art
mentioned above discloses a gas identifier, which com-
prises a voltage divider adapted to provide an electrical
interface to the ventilation system and a lookup table.
The voltage divider includes a resistor having a resist-

ance value unique for each gas supply. For a specific
gas supply, a corresponding voltage drop will result as
measured across the resistor. The lookup table compris-
es a list of voltage drops for the various gases, so that
the gas mapping with the voltage drop is obtained from
the lookup table.
[0005] With such an identification system, there may
be an uncertainty if the correct voltage divider has been
introduced or not. Therefore, the safety of such a system
is deficient and barely provides more certainty than man-
ually identifying the gas supply by simply looking at it and
making the correct input to the ventilation system via the
interface. In both cases and having in mind the stress
situation in an ICU, there is no absolute knowledge about
the gas, which actually is delivered to the ventilation sys-
tem and there is no check up or safety control.
[0006] As is also known, e.g. from the prior art men-
tioned above, flow meters provide output signals which
are dependent on the type of gas, i.e. if a flow meter is
calibrated for measuring air, the meters output signal
would deviate from the actual flow for another gas type
like heliox 80/20. This is true even for other gases like
nitrous oxide, zenon or other gas mixtures. The prior art
therefore suggests means for correcting the calibration
of any flow meter based on gas supply, which is identified
in the above described way.
[0007] To ensure that a correct amount of oxygen is
delivered to the patient, it is known to use an oxygen
sensor, e.g. an oxygen cell, to measure the oxygen con-
centration in a gas mixture that is to be delivered to the
patient. However, such an oxygen sensor cannot be used
to identify what other gases or gas compositions, like air
or heliox, are present in the gas mixture.
[0008] To increase the safety of any gas supply to a
patient ventilation system, EP 1 441 222 A2 discloses
monitoring means using an acoustic transceiver detect-
ing the amplitude of the emitted acoustic energy propa-
gated through a measurement chamber and generating
a control signal from a comparison of the detected signal
with a reference signal for the target gas, and generating
a control signal to inhibit the gas flow through the system
if the wrong gas is supplied.
[0009] It is also known in the art to measure the time
of flight (TOF) for a sound pulse through a gas mixture,
or the thermal conductivity of a gas mixture, in order to
establish what other gases besides oxygen are present
in that particular gas mixture.
[0010] However, since different gas compositions may
have the same characteristics as regard the measured
property (e.g. the ability of absorbing acoustic energy,
conducting sound, conducting heat, etc.), the gas con-
stituents of a gas mixture cannot always be unambigu-
ously determined.

Brief summary of the invention

[0011] It is an object of the present invention to improve
the reliability of the identification of any gas or gas mixture
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connected to a ventilation system via a gas inlet.
[0012] This and other objects are achieved according
to the present invention by a patient ventilation system
comprising flow regulating and gas mixing means for pro-
viding oxygen to a first gas inlet and at least a second
gas to a second gas inlet. The first and second gas inlets
are connected to an inspiratory channel for conveying a
delivered gas mixture comprising the oxygen and the at
least second gas to a proximal tubing, which proximal
tubing in turn is connected to an expiratory channel and
connectable to a patient. The patient ventilation system
further comprises gas identification means by which said
at least second gas can be identified. The gas identifica-
tion means is arranged to measure actively a first value
which is dependent on the characteristics of the at least
second gas and attempt to identify said at least second
gas based on said first value. The flow regulating and
gas mixing means are arranged to change, at least tem-
porarily, the concentration of said at least second gas in
the delivered gas mixture if the gas identification attempt
fails. The gas identification means is further arranged to,
subsequent to such a change in concentration, actively
measure a second value which is dependent on said
characteristics, and identify said at least second gas
based on the second value alone or in combination with
said first value.
[0013] If the gas identification means is unable to iden-
tify the at least second gas that is mixed with oxygen, it
is typically due to the fact that the measured value cor-
responds to more than one possible gas mixture compo-
sition. For example, the speed of sound through a gas
mixture composed of a large volume fraction of oxygen
and a small volume fraction of helium may be the same
as in a gas mixture composed of 50 percent by volume
air and 50 percent by volume oxygen. If the gas identifi-
cation means measures, e.g., the time of flight (TOF) for
a sound pulse through the delivered gas mixture, the
measured value would hence be the same for both gas
mixtures, making them inseparable. Thus, it would be
impossible to say whether the at least second gas is a
heliox mixture or air. By temporarily changing the com-
position of the delivered gas mixture, e.g. by increasing
the flow of the at least second gas for a short period of
time, a new TOF value that is different from the first one
can be obtained. The new measurement value can be
used, alone or in combination with the value obtained
before the change in delivered gas composition, to un-
ambiguously identify the at least second gas.
[0014] According to an aspect of the invention, the flow
regulating and gas mixing means are arranged to change
the concentration of said at least second gas in the de-
livered gas mixture to an extent that makes the measured
value fall outside a range of measurement values corre-
sponding to more than one particular type of gas or gas
mixture. This range of measured values corresponding
to more than one particular type of gas or gas mixture
will hereinafter be referred to as the ambiguity range as
the gas identification means cannot unambiguously iden-

tify the at least second gas if the measured value falls
within that range.
[0015] According to another aspect of the invention,
the flow regulating and gas mixing means are arranged
to just slightly change the concentration of said at least
second gas in the delivered gas mixture, whilst the gas
identification means is arranged to analyze the change
in the measured value caused by the small change in
concentration. In the exemplary case described above,
in which the measured value is the TOF of a sound pulse
through the delivered gas mixture, the change in TOF
caused by a small change in oxygen concentration in the
delivered gas mixture can be determined and used by
the gas identification means to establish the identity of
the second gas. If the second gas is a heliox mixture, a
change in oxygen/helium volume fraction ratio will
change the measured TOF most significantly. If, on the
other hand, the second gas is air, a small change in ox-
ygen/air volume fraction ratio will have a very small im-
pact on the measured TOF value. That is, by at least
temporarily changing the concentration of the at least
second gas in the delivered gas mixture and by studying,
e.g., ΔTOF/ΔO2% in the delivered gas mixture, the gas
identification means can identify the second gas even
when the measured TOF values fall within the ambiguity
range.
[0016] Since the flow rate measured by conventional
flow meters also depends on the gas characteristics, the
present invention may provide means for automatically
correcting the calibration of any flow regulating and gas
mixing units and/or flow meters in the ventilation system
depending on the online measurement of the type of gas
or gas mixture connected to the gas inlet. Since the gas
supply is actively measured and identified, the system is
not limited to gas bottles with a predefined gas mixture,
for example Heliox 70/30 or 80/20, as provided from the
suppliers, but will function properly with an arbitrary gas
mixture. Thus the system will function very well even in
rebreathing setups where expensive gases like Zenon
are used, and where the expired gas is directly reused
after CO2 has been removed by a filter. In such a situa-
tion, the supplied gas will differ in its mixture over time,
but the system will always identify the mixture and correct
the flow regulation and gas mixing units and/or flow me-
ters accordingly. In addition, the ventilation system will
detect if an erroneous gas bottle is unintentionally con-
nected to the ventilation system. Thereby the ventilation
system according to the present invention is less vulner-
able to human errors than most prior art ventilation sys-
tems.
[0017] The gas identification means can be arranged
anywhere in the gas flow path after the mixing point at
which the oxygen and the at least second gas are mixed,
i.e. after the point at which the first and the at least second
inlets of the ventilation system are connected to a com-
mon inspiratory channel for conveying the delivered gas
mixture to a patient. Although the gas identification
means can be disposed in the proximal tubing that is
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connectable to a patient, or even in the expiratory channel
conveying expiration gases away from the patient, it is
preferably arranged in the inspiratory channel, close to
the mixing point at which the oxygen and the at least
second gas are mixed. By arranging the gas identification
means close to the mixing point, system delays are re-
duced, allowing a change in the delivered gas composi-
tion to have a quicker impact on the measured value and
hence allowing quicker identification of the at least sec-
ond gas. Depending on the actual placement of the iden-
tification means, other factors like CO2 or humidity may
have to be taken into account. None the less, identifica-
tion is possible at all places downstream the mixing point.
[0018] According to an aspect of the invention, the out-
put signal from the identification means is displayed on
an interface connectable to the ventilation system, to
show the user of the system which gas has been identi-
fied.
[0019] According to another aspect of the invention,
the output signal of the identification means will generate
an alarm if the connected gas is not identified or if the
identifies gas or gas mixture is not allowed, e.g. if 100%
helium is identified.
[0020] According to yet another aspect of the invention,
flow meters already existing in the ventilation system are
simultaneously used as identification means, preferably
flow meters using transit time technology. Thereby, the
number of components in the system can be minimized.
[0021] There are a number of characteristics which dif-
fer for different types of gases or gas mixtures, e.g. the
speed of sound through the gas or the thermal conduc-
tivity. The speed of sound can be measured with an ul-
trasonic transducer and the thermal conductivity can be
measured with a heated thermistor or thermal resistor.
However, the invention is not limited to the use of these
particular gas characteristics for identifying the at least
second gas. Any properties or characteristics that differ
from gas to gas, or gas mixture to gas mixture, to an
extent that is measurable with the gas identification
means, may be used.

Brief description of the drawings

[0022] A more complete appreciation of the invention
disclosed herein will be obtained as the same becomes
better understood by reference to the following detailed
description when considered in conjunction with the ac-
companying figures briefly described below.

Fig. 1 shows a principle of gas identification using
transit time technology.
Fig. 2 shows the same principal for additional gas
mixtures and conditions.
Fig. 3 shows an embodiment of a ventilation system
comprising identification means for identifying gases
connected to a gas inlet.
Fig. 4 shows another embodiment of such a system.
Fig. 5 shows a flow diagram for a gas exchange in

a standby situation.
Fig. 6 shows a flow diagram for a gas exchange dur-
ing ventilation.
Fig. 7 illustrates a scenario in which the present in-
vention enables identification of a gas mixture.
Fig. 8 shows a flow diagram illustrating a gas iden-
tification method according to the invention.

Detailed description of the invention

[0023] Fig. 1 shows the principle of the gas identifica-
tion using e.g. an ultrasound transceiver which measures
the time of flight (TOF) for a sound pulse passing through
the gas to be identified or, if it is done in the expiration
line of the system, the expired gas including the gas to
be identified. In this latter case, humidity and CO2 con-
centration can be estimated. Fig. 1 shows the TOF over
the 02 concentration in percent for air as a solid line and
for heliox as a dash-dotted line, starting on the left side
of the diagram with 20% 02. Since helium concentration
has a big influence on the speed of sound, there is a
great difference in the time of flight between the sound
pulses traversing heliox and the sound pulses traversing
an equal distance in air. With a temperature of 37 degrees
Celsius, a dry gas, and a specific measurement setup,
the TOF for the sound pulse is approximately 122 ms in
heliox 79/21 (21% 02), and approximately 222 ms in air.
As can be seen from this diagram, increasing the 02 con-
centration changes the TOF for air only slightly, but for
heliox substantially. Over the interval between 21% 02
and 100% 02 the TOF for heliox varies with 110 ms. As
a result, the TOF measurements are equal to having a
sensitive helium concentration meter and the composi-
tion of heliox, i.e. the mixture of helium and oxygen, can
be identified with great accuracy. If the measured TOF
stays within predefined limits, e.g. 6 5 ms from the ex-
pected value for the gas mixture to be supplied, then the
gas mixture has been identified. A greater deviation in-
dicates that the wrong gas mixture has been connected
to the gas inlet or that the identification does not work
properly.
[0024] Fig. 2 shows the same diagram as Fig. 1 for
compositions where heliox is mixed with 5% CO2 and/or
has 100% relative humidity (RH). As can be seen from
this diagram, if the CO2 concentration and/or humidity is
known or can be estimated, the system still functions in
a satisfactory way to identify the correct gas mixture.
[0025] Fig. 3 shows an exemplary embodiment of a
patient ventilation system comprising identification
means for identifying gases connected to a gas inlet. The
system has two gas inlets 1 and 2, one for oxygen and
one for air/heliox. From the inlets, the gases are let via
inspiratory valves 3 and 4 and flow meters 5 and 6 to an
inspiration channel 7, and further via a proximal tubing 8
to the airways of a patient. The expired gas passes
through the expiration channel 9, gas identification
means 10 and a flow meter 11. The gas identification
means 10 can be arranged anywhere in the gas flow path
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after (i.e. downstream) a mixing point Pmix at which the
oxygen and the air/heliox are mixed, i.e. after the point
at which the first 1 and the second 2 inlets of the venti-
lation system are connected to a common inspiratory
channel 7 for conveying a delivered gas mixture to a pa-
tient. For example, the gas identification means 10 can
be arranged in the inspiration channel 7 or the proximal
tubing 8, without deviating from the general principal of
the invention. Gas identification means 10a and 10b are
depicted in these places in dashed lines.
[0026] In a ventilation system without gas identification
means, the output signal from the flow meter 6 is fed to
a flow control 16 as actual value. The flow control 16
compares this value with a set value and generates a
control signal for the inspiration valve 4. The same closed
loop flow control is provided for the 02 supply, but not
depicted in the figure.
[0027] According to the present invention, the gas
identification means 10 measures actively a value which
is dependent on the characteristics of the gas supplied
via inlet 2 and tries to identify said gas based on the
measured value. The gas identification means then gen-
erates a signal representative of the identified gas, e.g.
air 21/79, heliox 80/20 or heliox 70/30. This signal can
be fed to means 12 and 13 for correcting the flow value
directly measured by the flow meters 6 or 11. Normally,
the flow meters are calibrated for air and their output sig-
nal would deviate from the actual value for other gases
like heliox. The means for correcting 12 or 13 compen-
sate for such a deviation and make sure, that the flow
control 16 receives a corrected actual value. In addition,
the corrected flow signals are fed to an alarm and/or dis-
play (not shown), as indicated by arrows 14 and 15.
[0028] In this embodiment, the correction of the flow
takes place in the correction means 12, 13. The correc-
tion means 12, 13 can also be part of the flow meters 6,
11 so that the output signal from the gas identification
means 10 corrects the calibration of the flow meters 6, 11.
[0029] Fig. 4 shows another exemplary embodiment
of the present invention, in which the same reference
numerals as in Fig. 3 are used for similar components.
[0030] The only but important difference between the
embodiments shown in Fig. 3 and Fig. 4 consists of a
specific flow meter 11, which uses transit time technology
such as ultra sound propagation to measure the flow.
This measurement technology can simultaneously be
used to identify the gas passing through the flow meter
11, either by utilizing the speed of sound or the damping
of a sound pulse traversing the gas flow, as is generally
known in the art. As an advantage, no separate gas iden-
tification means is necessary. The output signal from this
combined gas identification means/flow meter 10, 11 is
fed via line 18 to the flow meter 6 to correct its calibration.
It is also possible to include a means for correction be-
tween the flow meter 6 and the flow control 16 as in Fig
3. As mentioned before, other characteristics of the gas
to be identified, e.g. the thermal conductivity thereof,
could also be used in the identification process without

deviating from the principle of the invention.
[0031] In all embodiments, the possibility to generate
an alarm if the identified gas deviates from the gas the
user has chosen, or if no gas is identified, increases the
overall safety of the ventilation system. The display on
an interface facilitates the understanding of what is going
on in the system. Another advantage of this automatic
gas identification and flow correcting system according
to the invention lies in the possibility to check the gas
supply in a pre-use check when a new gas supply is con-
nected to one gas inlet under standby, or even during
ventilation. Figs. 5 and 6 show possible flow diagrams
for these two cases.
[0032] Fig. 5 illustrates a flow diagram for a gas ex-
change in a standby situation. In step 50, a user changes
the gas in the ventilation system and, in step 51, the gas
identification means 10, 10a, 10b detects and identifies
the new gas. If the detected gas or gas mixture is not
allowed, the procedure proceeds to step 52 in which the
system warns the user by means of a suitable alarm sig-
nal, e.g. by displaying an alarm symbol on the interface
or by generating a sound alarm. If, on the other hand,
the detected gas or gas mixture is allowed, the procedure
proceeds to step 53 in which the system compensates
the set volume, i.e. the breathing gas volume provided
to a patient during ventilation, in dependence of the prop-
erties of the new gas. Finally, in step 54, the system con-
firms the gas detection by, e.g., a notification displayed
on the interface, and further prompts the user to review
the ventilation settings in order to ensure a correspond-
ence between the ventilator settings and the new gas.
[0033] Fig. 6 shows a flow diagram for a gas exchange
during ventilation. The procedure is identical to the pro-
cedure illustrated in Fig. 5, in the case where an allowed
gas or gas mixture is detected by the gas identification
means 10, 10a, 10b. Consequently, in step 60, a user
changes the gas used in the ventilation system where-
upon the system detects the new gas in step 61. In step
62, the system compensates the set volume based on
the detected gas and, in step 63, the system gives the
user feedback on the gas detection and prompts the user
to review the ventilator settings.
[0034] Fig. 7 illustrates a scenario in which the above
described principle for gas identification suffers from
drawbacks. The diagram in Fig. 7 corresponds to the
diagram shown in Fig. 1 and hence shows the principle
of gas identification using an ultrasound transceiver
which measures the TOF for a sound pulse passing
through a gas mixture whose gas constituents, at least
partly, are to be determined. The solid line illustrates the
TOF over the 02 concentration in percent for air, and the
dash-dotted line illustrates the TOF over the 02 concen-
tration in percent for heliox, starting on the left side of the
diagram with 20% 02.
[0035] In this exemplary scenario, the second gas that
is supplied via the second inlet 2 (see Figs. 3 and 4) is
assumed to be a heliox mixture having a relatively low
percentage by volume of helium. After being mixed with
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pure oxygen at the mixing point Pmix, the oxygen content
in the gas mixture that is to be delivered to the patient
can be high. In this example, the gas identification means
of the ventilation system measures a TOF of 226 ms for
a sound pulse traversing a given distance of the gas mix-
ture. This TOF value is seen to correspond to a heliox/ox-
ygen mixture having an oxygen volume fraction of 94%,
as indicated by the measurement point denoted by ’A’
along the dash-dotted line that represents heliox. How-
ever, the measured TOF value also corresponds to an
air/oxygen mixture having an oxygen volume fraction of
55%, as indicated by a point denoted ’B’ along the solid
line that represents air. Thus, the gas identification
means cannot unambiguously identify the gas supplied
via inlet 2 as there is more than one possible gas mixture
corresponding to the measured TOF value. As seen in
the diagram, this problem arises for all TOF values within
a value range denoted by ’RA’, which range in this ex-
emplary case includes TOF values between approxi-
mately 220 and 232 ms. Such a range in which the values
do not allow for unambiguous identification of the second
gas will hereinafter be referred to as an ambiguity range,
RA.
[0036] To overcome this problem, the flow regulating
and gas mixing means of the ventilation system accord-
ing to the invention are arranged to change, at least tem-
porarily, the concentration of the second gas in the de-
livered gas mixture if the gas identification means fails
to unambiguously identify said second gas based on the
measured value.
[0037] By temporarily changing the composition of the
delivered gas mixture, a new or second value of the
measured gas characteristics (in this particular case the
ability to conduct sound) which deviates from the value
obtained before the change can be obtained. The new
measurement value can be used, alone or in combination
with the value obtained before the change, to unambig-
uously identify the second gas or gas mixture.
[0038] In a first embodiment of the invention, the flow
regulating and gas mixing means are arranged to change
the concentration of the second gas in the delivered gas
mixture to such an extent that the measured value falls
outside the ambiguity range, RA. This is typically
achieved by increasing the flow of the second gas such
that the volume fraction of oxygen in the delivered gas
mixture decreases. Of course, the same result may be
achieved by decreasing the flow of oxygen, or increasing
the flow of the second gas while decreasing the flow of
oxygen so as to keep the delivered total volume constant.
In the example illustrated in Fig. 7, in which the second
gas is assumed to be a heliox mixture and the measured
value is the TOF for a sound pulse travelling a given
distance in the delivered gas mixture, such a decrease
in volume fraction of oxygen would move measurement
point A towards the left, along the dash-dotted heliox line,
resulting in a measured TOF value falling below the am-
biguity range, RA. When the gas identification means
measures a TOF below 220 ms, it can identify the second

gas as heliox.
[0039] In a second embodiment of the invention, the
flow regulating and gas mixing means are arranged to
alter the concentration of the second gas in the delivered
gas mixture only slightly, and the gas identification means
is arranged to analyze the change in measured value
caused by the small change in concentration. This is also
typically achieved by increasing the flow of the second
gas such that the volume fraction of oxygen in the deliv-
ered gas mixture decreases. As seen in Fig. 7, a small
decrease in percentage by volume of oxygen in the gas
mixture will result in a significant decrease in TOF if the
second gas is heliox, while, if the second gas is air, the
same decrease in percentage by volume of oxygen would
change the measured TOF value only slightly. By meas-
uring the TOF before and after a small change in con-
centration of the second gas in the delivered gas mixture,
and comparing the two measured values, the gas iden-
tification means can identify the gas. That is, the gas
identification means is, according to this second embod-
iment of the invention, arranged to identify the second
gas by studying the derivative, or rate of change, of the
measured value with respect to the oxygen concentration
in the analyzed gas mixture. In this particular case the
studied quantity is hence the derivative of TOF with re-
spect to oxygen concentration, ΔTOF/ΔO2%.
[0040] The second embodiment described above is
advantageous in that a very small change in concentra-
tion of the second gas in the analyzed gas mixture is
sufficient to identify the second gas. In contrast to the
first embodiment, the change in concentration does not
have to be big enough to make the measured TOF value
fall outside the ambiguity range, RA. That only a small
change in concentration is sufficient is particularly true
when the gas identification means is located close to the
mixing point Pmix (see Figs. 3 and 4) in the ventilation
system such that a small change in composition of the
delivered gas mixture has an immediate impact on the
measured value. Therefore, the gas identification means
is preferably, but not necessarily, located in the position
illustrated with reference numeral 10a in Fig. 3. As will
be understood by a skilled person, a change in the de-
livered gas mixture composition would also change the
volume fraction ratio between the gas constituents in the
gases exhaled by a patient connected to the system.
Therefore, the principle is applicable also when the gas
identification means is disposed in the expiration branch
9 of the ventilation system.
[0041] It should be understood that the problem arising
when the measured value corresponds to more than one
possible gas mixture is not only associated with TOF
measurements. The same problem may occur also when
measuring other physical quantities of which values de-
pend on the characteristics of the second gas, such as,
for example, thermal conductivity. There may still exist a
critical value range, corresponding to the ambiguity range
denoted by ’RA’ in Fig. 7, in which the values correspond
to more than one possible gas mixture composition. It
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should thus be appreciated that the above described prin-
ciple of at least temporarily changing the concentration
of the second gas in the analyzed gas mixture in order
to unambiguously identify the second gas is not limited
to gas identification based on TOF measurements.
[0042] Once again with reference to Fig. 3, an exem-
plary implementation of the above discussed functional-
ity will now be described. The gas identification means
10, 10a, 10b can be arranged to, when unable to identify
the second gas based on the performed measurements,
generate a signal indicating that this is the case and send
the signal to the flow control means 16. Upon reception
of said signal, the flow control means 16 regulates the
inspiratory valve 4 such that the flow of the second gas
through gas inlet 2 increases, thereby decreasing the
volume fraction of oxygen in the gas mixture downstream
the mixing point Pmix. This decrease in volume fraction
of oxygen makes it possible for the gas identification
means 10, 10a, 10b to unambiguously identify the sec-
ond gas supplied via inlet 2 as described above. Various
actions can then be taken based on the result of the gas
identification. Such actions may involve, e.g., the display-
ing of the gas identity on a graphical user interface and
the correction of flow values measured by flow meters 6,
11 in the ventilation system, or, if the identified gas de-
viates from a preset gas type, the quenching of the supply
of the second gas and/or the generation of an alarm sig-
nal. As aforementioned, although not illustrated in Fig.
3, there is typically a flow control unit connected to the
flow meter 5 and the inspiration valve 3 in the oxygen
supply inlet 1, to form a closed loop oxygen flow control
in accordance with the closed loop flow control 4, 6, 16
for the second gas supply in the second gas inlet 2. Typ-
ically, the ventilation system also comprises a central
control unit (not shown) controlling the flow control units
in each gas inlet 1, 2 to make them cooperate. It should
be understood that the gas identification means 10, 10a,
10b can be arranged to communicate that gas identifica-
tion was unsuccessful to either any or both of the flow
control units in the respective gas inlets 1, 2, and/or to
such a central control unit, whereupon the control unit(s)
carries into effect the change in delivered gas composi-
tion.
[0043] An important ventilation parameter is the oxy-
gen concentration delivered to the ventilated patient. It
is desirable to keep this parameter constant over time.
The proposed principle of at least temporarily changing
the concentration of the second gas in the delivered gas
mixture to render possible identification of said second
gas yields a temporary change in volume fraction of ox-
ygen delivered to the patient. Therefore, the ventilation
system according to the invention is preferably arranged
to compensate for such a temporary change in delivered
oxygen content. No matter whether the concentration of
the second gas in the delivered gas mixture is increased
or decreased in the first place, the flow regulating and
gas mixing means of the ventilation system can be ar-
ranged to, subsequent to the first change in concentra-

tion, compensate by for a short period of time changing
the oxygen/second gas volume fraction ratio the other
way around. Thereby, the average oxygen concentration
delivered to the patient can be kept equal to a preset
reference value.
[0044] Fig. 8 illustrates a flow diagram illustrating a
method for gas identification according to the invention.
When describing the flow diagram, simultaneous refer-
ence will be made to the system components illustrated
in Figs. 3 and 4.
[0045] In step S70, the gas identification means 10,
10a, 10b tries to identify the second gas supplied via gas
inlet 2 by actively measuring a value which is dependent
on the characteristics of said at least second gas. The
measurement can take place in any of the inspiration
channel 7, the proximal tubing 8 or the expiration channel
9 of the ventilation system. Gas identification can be in-
itiated upon gas exchange in a standby situation or upon
gas exchange during ongoing ventilation, but it can also
be performed continuously or periodically during ongoing
ventilation.
[0046] In step S71, it is determined whether the gas
identification means 10, 10a, 10b, failed or succeeded
to unambiguously identify the second gas in step S70. If
the identification was unsuccessful due to the fact that
the measured value indicated that the second gas could
be any of two or more gas types, the method proceeds
to step S72.
[0047] In step S72, the flow regulating and gas mixing
means 3, 4, 5, 6, 16 of the ventilation system changes
the concentration of the second gas in the delivered gas
mixture, typically by slightly increasing the flow of the
second gas, whereupon the method returns to step S70.
[0048] This time, in step S70, the gas identification
means obtains a new or second measurement value of
the analyzed gas characteristic, which new value is dif-
ferent from the first obtained value due to the change in
gas composition performed in step S72. The gas identi-
fication means then unambiguously identifies the second
gas. If the change in gas composition made in step S72
was sufficient to make the new value fall outside an am-
biguity value range, such as the ambiguity range RA dis-
cussed above with reference to Fig. 7, the new value
itself is sufficient for identifying the second gas. If, on the
other hand, the change in concentration of the second
gas made in step S72 is very small, the difference be-
tween the first value obtained before the change in gas
composition and the second value obtained after the
change in gas composition can be used to identify the
second gas.
[0049] In step S71, it is established that the gas iden-
tification attempt in step S70 was successful, whereupon
various optional actions may be taken.
[0050] In a first optional step, S73, it is determined
whether the identified gas is allowed, i.e. whether the
identified second gas corresponds to a preset gas or gas
mixture. If not allowed, the method may proceed to a step
S74 in which the system warns the user that an unallow-
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able gas is connected to the ventilation system and/or
automatically quenches the supply of the second gas.
[0051] In a second optional step, S75, it is determined
whether a change in delivered gas mixture composition
(i.e. step S72) was required in order to identify the second
gas. If so, the method may proceed to a step S76 in which
the change is compensated for in order to keep the av-
erage oxygen concentration delivered to the patient
equal to a preset reference value.
[0052] Typically, in an optional step S77, a system cal-
ibration is performed based on the properties of the de-
tected gas. This system calibration may include, e.g., ad-
justments of the volume or pressure of the breathing gas
delivered to the patient during ventilation, corrections of
the flow values measured by flow meters 6, 10 in the
ventilation system, etc. The system calibration may also,
as the gas identification means 10, 10a, 10b is able to
determine the composition of the delivered gas, involve
the step of calibrating the flow regulating and gas mixing
means 2, 4, 5, 6, 16 of the ventilation system in case the
determined gas composition differs from a preset refer-
ence gas mixture composition. For example, if the system
operator has programmed the ventilation system to de-
liver a gas mixture comprising 60 percentage by volume
of oxygen to a patient but the value measured by the gas
identification means indicates that the delivered gas mix-
ture only contains 50 percentage by volume of oxygen,
the calibration of the flow regulating and gas mixing
means of the ventilation system can be corrected. Typi-
cally, this is achieved by increasing the flow of oxygen
while simultaneously decreasing the flow of the second
gas so as to keep the total gas volume delivered to the
patient as close as possible to the preset reference value.
When used for this purpose, the gas identification means
10, 10a, 10b forms a part of a closed loop flow control
system ensuring that the composition of a gas mixture
delivered to a patient always corresponds to a preset
reference gas mixture composition. Preferably, the ven-
tilation system is also arranged to generate an alarm sig-
nal if the determined composition of the delivered gas
mixture differs substantially from the preset reference
composition.
[0053] In a last optional step S78, the identity of the
second gas, the determined composition of the delivered
gas mixture, and/or any new calibration settings of the
ventilation system are displayed to the system operator
on a graphical user interface.
[0054] It should be evident from the foregoing that var-
ious modifications can be made to the embodiments of
this invention without departing from the scope as defined
by the appended claims.

Claims

1. A patient ventilation system comprising flow regulat-
ing and gas mixing means (3, 4, 5, 6, 16) for providing
oxygen to a first gas inlet (1) and at least a second

gas to a second gas inlet (2), said first (1) and second
(2) gas inlets being connected to an inspiratory chan-
nel (7) for conveying a delivered gas mixture com-
prising the oxygen and the at least second gas to a
proximal tubing (8), which proximal tubing is further
connected to an expiratory channel (9) and connect-
able to a patient, said patient ventilation system fur-
ther comprises gas identification means (10, 10a,
10b) by which said at least second gas can be iden-
tified, characterized in that

- the gas identification means (10, 10a, 10b) is
arranged to measure actively a first value which
is dependent on the characteristics of said at
least second gas and attempt to identify the at
least second gas based on said first value;
- the flow regulating and gas mixing means (3,
4, 5, 6,16) are arranged to change, at least tem-
porarily, the concentration of said at least sec-
ond gas in the delivered gas mixture if said at-
tempt fails; and
- the gas identification means (10, 10a, 10b) is
further arranged to, subsequent to such a
change in concentration, actively measure a
second value which is dependent on said char-
acteristics and identify said at least second gas
based on the second value alone or in combi-
nation with said first value.

2. A patient ventilation system as claimed in claim 1,
wherein the flow regulating and gas mixing means
(3, 4, 5, 6, 16) are arranged to change the concen-
tration of the at least second gas in the delivered gas
mixture to such an extent that said second value falls
outside a value range (RA) that includes all values
corresponding to more than one particular type of
gas or gas mixture, the gas identification means (10,
10a, 10b) being arranged to identify said at least sec-
ond gas based on the second value alone.

3. A patient ventilation system as claimed in claim 1,
wherein the gas identification means (10, 10a, 10b)
is arranged to identify said at least second gas based
on the difference between said first and second val-
ue, caused by the change in concentration of said
at least second gas in the delivered gas mixture.

4. A patient ventilation system as claimed in any of the
preceding claims, wherein the gas identification
means (10, 10a, 10b) is arranged in the inspiration
channel (7).

5. A patient ventilation system as claimed in any of the
preceding claims, wherein the gas identification
means (10, 10a, 10b) is arranged in the proximal
tubing (8) or the expiration channel (9).

6. A patient ventilation system as claimed in any of the

13 14 



EP 2 164 551 B1

9

5

10

15

20

25

30

35

40

45

50

55

preceding claims, wherein the flow regulating and
gas mixing means (4, 6, 16) are arranged to, at least
temporarily, increase the flow of said at least second
gas in order to change the concentration thereof in
the delivered gas mixture.

7. A patient ventilation system as claimed in any of the
preceding claims, wherein the flow regulating and
gas mixing means (3, 4, 5, 6, 16) are arranged to,
subsequent to a change in composition of the deliv-
ered gas, compensate for said change by adjusting
the flows of oxygen and/or the second gas such that
the average volume fraction of oxygen in the deliv-
ered gas mixture over time is kept substantially equal
to a preset reference value.

8. A gas identification method for use in a patient ven-
tilation system comprising flow regulating and gas
mixing means (3, 4, 16) for providing oxygen to a
first gas inlet (1) and at least a second gas to a sec-
ond gas inlet (2), said first (1) and second (2) gas
inlets being connected to an inspiratory channel (7)
for conveying a delivered gas mixture comprising the
oxygen and the at least second gas to a proximal
tubing (8), which proximal tubing is further connected
to an expiratory channel (9) and connectable to a
patient, said patient ventilation system further com-
prises gas identification means (10, 10a, 10b) by
which said at least second gas can be identified, said
method being characterized by comprising the
steps of:

- measuring actively a first value which is de-
pendent on the characteristics of said at least
second gas;
- attempting to identify the at least second gas
based on said first value;
- if said attempt fails, changing, at least tempo-
rarily, the concentration of said at least second
gas in the delivered gas mixture;
- measuring actively a second value which is
dependent on said characteristics of the at least
second gas; and
- determining the identity of said at least second
gas based on the second value alone or in com-
bination with said first value.

9. A gas identification method as claimed in claim 8,
wherein the step of changing the concentration of
the at least second gas is performed by changing
the concentration to such an extent that said second
value falls outside a value range (RA) that includes
all values corresponding to more than one particular
type of gas or gas mixture, and wherein the step of
determining the identity of said at least second gas
is based on said second value alone.

10. A gas identification method as claimed in claim 8,

wherein the step of determining the identity of said
second gas is based on the difference between said
first and second value, caused by the change in con-
centration of said at least second gas in the delivered
gas mixture.

11. A gas identification method as claimed in any of the
claims 8 to 10, further comprising the step of:

- compensating for said at least temporary
change in concentration such that the average
volume fraction of oxygen in the delivered gas
mixture over time is kept substantially equal to
a preset reference value.

12. A gas identification method as claimed in any of the
claims 8 to 11, further comprising the step of:

- calibrating flow meters (6, 10) in the ventilation
system in dependence of the determined iden-
tity of said second gas.

13. A gas identification method as claimed in any of the
claims 8 to 12, further comprising the steps of:

- determining the composition of the delivered
gas mixture based on the identity of the second
gas and the first and/or the second value, and
- comparing the determined composition of the
delivered gas mixture with a preset reference
gas mixture composition, and
- calibrating the flow regulating and gas mixing
means (3, 4, 5, 6, 16) of the ventilation system
based on the result of said comparison.

Patentansprüche

1. Patientenbeatmungssystem umfassend Durch-
flussregel- und Gasmischmittel (3, 4, 5, 6, 16) für
das Bereitstellen von Sauerstoff an einen ersten Ga-
seinlass (1) und von mindestens einem zweiten Gas
an einen zweiten Gaseinlass (2), wobei der erste (1)
und zweite (2) Gaseinlass mit einem inspiratori-
schen Kanal (7) verbunden sind, um ein bereitge-
stelltes Gasgemisch umfassend den Sauerstoff und
das mindestens zweite Gas an eine proximale Rohr-
leitung (8) zu fördern, welche proximale Rohrleitung
weiter mit einem exspiratorischen Kanal (9) verbun-
den ist und mit einem Patienten verbindbar ist, wobei
das Patientenbeatmungssystem ferner ein Gasiden-
tifikationsmittel (10, 10a, 10b) umfasst, durch wel-
ches das mindestens zweite Gas identifiziert werden
kann, dadurch gekennzeichnet, dass

- das Gasidentifikationsmittel (10, 10a, 10b)
ausgelegt ist, um einen ersten Wert, der von den
Eigenschaften des mindestens zweiten Gases
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abhängig ist, aktiv zu messen, und um zu ver-
suchen, das mindestens zweite Gas basierend
auf dem ersten Wert zu identifizieren;;
- die Durchflussregel- und Gasmischmittel (3, 4,
5, 6,16) ausgelegt sind, um, zumindest vorüber-
gehend, die Konzentration des mindestens
zweiten Gases in dem gelieferten Gasgemisch
zu verändern, wenn das Versuch fehlschlägt;
und
- das Gasidentifikationsmittel (10, 10a, 10b) fer-
ner ausgelegt ist, um, im Anschluss an eine sol-
che Veränderung der Konzentration, einen
zweiten Wert, der von den Eigenschaften ab-
hängig ist, aktiv zu messen, und um das min-
destens zweite Gas basierend auf dem zweiten
Wert allein oder in Kombination mit dem ersten
Wert zu identifizieren.

2. Patientenbeatmungssystem nach Anspruch 1, wo-
bei die Durchflussregel- und Gasmischmittel (3, 4,
5, 6, 16) ausgelegt sind, um die Konzentration des
mindestens zweiten Gases in dem gelieferten Gas-
gemisch in einem solchen Maße zu verändern, dass
der zweite Wert außerhalb eines Wertbereichs (RA)
liegt, der alle Werte entsprechend mehr als einer be-
sonderen Art von Gas oder Gasgemisch umfasst,
wobei das Gasidentifikationsmittel (10, 10a, 10b)
ausgelegt ist, um das mindestens zweite Gas basie-
rend auf dem zweiten Wert allein zu identifizieren.

3. Patientenbeatmungssystem nach Anspruch 1, wo-
bei das Gasidentifikationsmittel (10, 10a, 10b) aus-
gelegt ist, um das mindestens zweite Gas basierend
auf der Differenz zwischen dem ersten und zweiten
Wert zu identifizieren, die durch die Veränderung der
Konzentration des mindestens zweiten Gases in
dem gelieferten Gasgemisch verursacht ist.

4. Patientenbeatmungssystem nach einem der vorge-
henden Ansprüche, wobei das Gasidentifikations-
mittel (10, 10a, 10b) in dem Inspirationskanal (7) an-
geordnet ist.

5. Patientenbeatmungssystem nach einem der vorge-
henden Ansprüche, wobei das Gasidentifikations-
mittel (10, 10a, 10b) in der proximalen Rohrleiteung
(8) oder in dem Exspirationskanal (9) angeordnet ist.

6. Patientenbeatmungssystem nach einem der vorge-
henden Ansprüche, wobei die Durchflussregel- und
Gasmischmittel (4, 6, 16) ausgelegt sind, um, zumin-
dest vorübergehend, den Durchfluss des mindes-
tens zweiten Gases zu erhöhen, um dessen Kon-
zentration in dem gelieferten Gasgemisch zu verän-
dern.

7. Patientenbeatmungssystem nach einem der vorge-
henden Ansprüche, wobei die Durchflussregel- und

Gasmischmittel (3, 4, 5, 6, 16) ausgelegt sind, um,
im Anschluss an eine Veränderung der Zusammen-
setzung des gelieferten Gases, die Veränderung da-
durch zu kompensieren, dass die Durchflüsse von
Sauerstoff und/oder des zweiten Gases derart jus-
tiert werden, dass die zeitliche durchschnittliche Vo-
lumenfraktion von Sauerstoff in dem gelieferten
Gasgemisch im Wesentlichen gleich einem vorge-
gebenen Referenzwert beibehalten wird.

8. Gasidentifikationsverfahren zur Verwendung in ei-
nem Patientenbeatmungssystem umfassend
Durchflussregel- und Gasmischmittel (3, 4, 16) für
das Bereitstellen von Sauerstoff an einen ersten Ga-
seinlass (1) und von mindestens einem zweiten Gas
an einen zweiten Gaseinlass (2), wobei der erste (1)
und zweite (2) Gaseinlass mit einem inspiratori-
schen Kanal (7) verbunden sind, um ein bereitge-
stelltes Gasgemisch umfassend den Sauerstoff und
das mindestens zweite Gas an eine proximale Rohr-
leitung (8) zu fördern, welche proximale Rohrleitung
weiter mit einem exspiratorischen Kanal (9) verbun-
den ist und mit einem Patienten verbindbar ist, wobei
das Patientenbeatmungssystem ferner ein Gasiden-
tifikationsmittel (10, 10a, 10b) umfasst, durch wel-
ches das mindestens zweite Gas identifiziert werden
kann, wobei das Verfahren dadurch gekennzeich-
net ist, dass es die folgenden Schritte umfasst:

- aktives Messen eines ersten Werts, der von
den Eigenschaften des mindestens zweiten Ga-
ses abhängig ist;
- Versuchen, das mindestens zweite Gas basie-
rend auf dem ersten Wert zu identifizieren;
- wenn das Versuch fehlschlägt, Verändern, zu-
mindest vorübergehend, der Konzentration des
mindestens zweiten Gases in dem gelieferten
Gasgemisch;
- aktives Messen eines zweiten Werts, der von
den Eigenschaften des mindestens zweiten Ga-
ses abhängig ist; und
- Bestimmen der Identität des mindestens zwei-
ten Gases basierend auf dem zweiten Wert al-
lein oder in Kombination mit dem ersten Wert.

9. Gasidentifikationsverfahren nach Anspruch 8, wobei
der Schritt des Veränderns der Konzentration des
mindestens zweiten Gases dadurch erfolgt, das die
Konzentration in einem solchen Maße verändert
wird, dass der zweite Wert außerhalb eines Wertbe-
reichs (RA) liegt, der alle Werte entsprechend mehr
als einer besonderen Art von Gas oder Gasgemisch
umfasst, und wobei der Schritt des Bestimmens der
Identität des mindestens zweiten Gases auf dem
zweiten Wert allein basiert.

10. Gasidentifikationsverfahren nach Anspruch 8, wobei
der Schritt des Bestimmens der Identität des zweiten
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Gases auf der Differenz zwischen dem ersten und
zweiten Wert, die durch die Veränderung der Kon-
zentration des mindestens zweiten Gases in dem
gelieferten Gasgemisch verursacht ist, basiert.

11. Gasidentifikationsverfahren nach einem der Ansprü-
che 8 bis 10, ferner umfassend den folgenden
Schritt:

- Kompensieren der mindestens zeitlichen Ver-
änderung der Konzentration derart, dass die
zeitliche durchschnittliche Volumenfraktion von
Sauerstoff in dem gelieferten Gasgemisch im
Wesentlichen gleich einem vorgegebenen Re-
ferenzwert beibehalten wird.

12. Gasidentifikationsverfahren nach einem der Ansprü-
che 8 bis 11, ferner umfassend den folgenden
Schritt:

- Kalibrieren von Durchflussmessern (6, 10) in
dem Beatmungssystem in Abhängigkeit von der
bestimmten Identität des zweiten Gases.

13. Gasidentifikationsverfahren nach einem der Ansprü-
che 8 bis 12, ferner umfassend die folgenden Schrit-
te:

- Ermitteln der Zusammensetzung des geliefer-
ten Gasgemisches basierend auf der Identität
des zweiten Gases und dem ersten und/oder
zweiten Wert, und
- Vergleichen der ermittelten Zusammenset-
zung des gelieferten Gasgemisches mit einer
vorgegebenen Referenzzusammensetzung
des Gasgemisches, und
- Kalibrieren der Durchflussregel- und Gas-
mischmittel (3, 4, 5, 6, 16) des Beatmungssys-
tems basierend auf dem Ergebnis des Ver-
gleichs.

Revendications

1. Système de ventilation de patient comprenant des
moyens de régulation d’écoulement et de mélange
de gaz (3, 4, 5, 6, 16) pour fournir de l’oxygène à
une première entrée de gaz (1) et au moins un
deuxième gaz à une deuxième entrée de gaz (2),
lesdites première (1) et deuxième (2) entrées étant
raccordées à un canal inspiratoire (7) pour achemi-
ner un mélange de gaz fourni comprenant l’oxygène
et l’au moins deuxième gaz à un tube proximal (8),
ledit tube proximal étant en outre raccordé à un canal
expiratoire (9) et pouvant être raccordé à un patient,
ledit système de ventilation de patient comprenant
en outre des moyens d’identification de gaz (10, 10a,
10b) au moyen desquels ledit au moins deuxième

gaz peut être identifié, caractérisé en ce que

- le moyen d’identification de gaz (10, 10a, 10b)
est agencé pour mesurer activement une pre-
mière valeur qui dépend des caractéristiques
dudit au moins deuxième gaz et tenter d’identi-
fier l’au moins deuxième gaz sur la base de ladite
première valeur ;
- les moyens de régulation d’écoulement et de
mélange de gaz (3, 4, 5, 6,16) sont agencés
pour changer, au moins temporairement, la con-
centration dudit au moins deuxième gaz dans le
mélange de gaz fourni si la tentative échoue ; et
- le moyen d’identification de gaz (10, 10a, 10b)
est en outre agencé, à la suite d’un changement
en concentration, pour mesurer activement une
deuxième valeur qui dépend desdites caracté-
ristiques et identifier l’au moins deuxième gaz
sur la base de ladite deuxième valeur seule ou
en combinaison avec ladite première valeur.

2. Système de ventilation de patient selon la revendi-
cation 1, dans lequel les moyens de régulation
d’écoulement et de mélange de gaz (3, 4, 5, 6, 16)
sont agencés pour changer la concentration de l’au
moins deuxième gaz dans le mélange de gaz fourni
à un point tel que ladite deuxième valeur tombe à
l’extérieur d’une plage de valeurs (RA) comportant
toutes valeurs correspondant à plus qu’un type par-
ticulier de gaz ou de mélange de gaz, le moyen
d’identification de gaz (10, 10a, 10b) étant agencé
pour identifier ledit au moins deuxième gaz sur la
base de la deuxième valeur seule.

3. Système den ventilation de patient selon la revendi-
cation 1, dans lequel le moyen d’identification de gaz
(10, 10a, 10b) est agencé pour identifier ledit au
moins deuxième gaz sur la base de la différence
entre lesdites première et deuxième valeurs, causée
par le changement en concentration dudit au moins
deuxième gaz dans le mélange de gaz fourni.

4. Système de ventilation de patient selon l’une quel-
conque des revendications précédentes, dans le-
quel le moyen d’identification de gaz (10, 10a, 10b)
est disposé dans le canal inspiratoire (7).

5. Système de ventilation de patient selon l’une quel-
conque des revendications précédentes, dans le-
quel le moyen d’identification de gaz (10, 10a, 10b)
est disposé dans le tube proximal (8) ou le canal
inspiratoire (9).

6. Système de ventilation de patient selon l’une quel-
conque des revendications précédentes, dans le-
quel les moyens de régulation d’écoulement et de
mélange de gaz (4, 6, 16) sont agencés, au moins
temporairement, pour augmenter l’écoulement dudit
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au moins deuxième gaz afin de changer la concen-
tration de celui-ci dans le mélange de gaz fourni.

7. Système de ventilation de patient selon l’une quel-
conque des revendications précédentes, dans le-
quel les moyens de régulation d’écoulement et de
mélange de gaz (3, 4, 5, 6, 16) sont agencés, à la
suite d’un changement en composition du gaz fourni,
pour compenser pour ledit changement en réglant
les écoulements de l’oxygène et / ou du deuxième
gaz si bien que la fraction volumique moyenne de
l’oxygène dans le mélange de gaz fourni à terme est
maintenue essentiellement égale à une valeur de
référence préréglée.

8. Procédé d’identification de gaz à utiliser dans un sys-
tème de ventilation de patient comprenant des
moyens de régulation d’écoulement et de mélange
de gaz (3, 4, 16) pour fournir de l’oxygène à une
première entrée de gaz (1) et au moins un deuxième
gaz à une deuxième entrée de gaz (2), lesdites pre-
mière (1) et deuxième (2) entrées étant raccordées
à un canal inspiratoire (7) pour acheminer un mé-
lange de gaz fourni comprenant l’oxygène et l’au
moins deuxième gaz à un tube proximal (8), ledit
tube proximal étant en outre raccordé à un canal
expiratoire (9) et pouvant être raccordé à un patient,
ledit système de ventilation de patient comprenant
en outre des moyens d’identification de gaz (10, 10a,
10b) au moyen desquels ledit au moins deuxième
gaz peut être identifié, ledit procédé étant caracté-
risé en ce qu’il comprend les étapes consistant à :

- mesurer activement une première valeur qui
dépend des caractéristiques dudit au moins
deuxième gaz ;
- tenter d’identifier l’au moins deuxième gaz sur
la base de ladite première valeur ;
- si la tentative échoue, changer, au moins tem-
porairement, la concentration dudit au moins
deuxième gaz dans le mélange de gaz fourni ;
- mesurer activement une deuxième valeur qui
dépend des caractéristiques dudit au moins
deuxième gaz ; et
- déterminer l’identité dudit au moins deuxième
gaz sur la base de la deuxième valeur seule ou
en combinaison avec ladite première valeur.

9. Procédé d’identification de gaz selon la revendica-
tion 8, dans lequel l’étape consistant à changer la
concentration de l’au moins deuxième gaz est réalisé
par le changement de la concentration à un point tel
que ladite deuxième valeur tombe à l’extérieur d’une
plage de valeurs (RA) comportant toutes valeurs cor-
respondant à plus qu’un type particulier de gaz ou
de mélange de gaz, et dans lequel l’étape consistant
à déterminer l’identité dudit au moins deuxième gaz
est basée sur ladite deuxième valeur seule.

10. Procédé d’identification de gaz selon la revendica-
tion 8, dans lequel l’étape consistant à déterminer
l’identité dudit au moins deuxième gaz est basée sur
la différence entre lesdites première et deuxième va-
leurs, causée par le changement en concentration
dudit au moins deuxième gaz dans le mélange de
gaz fourni.

11. Procédé d’identification de gaz selon l’une quelcon-
que des revendications 8 à 10, comprenant en outre
l’étape consistant à :

- compenser pour ledit changement au moins
temporaire en concentration si bien que la frac-
tion volumique moyenne de l’oxygène dans le
mélange de gaz fourni à terme est maintenue
essentiellement égale à une valeur de référence
préréglé.

12. Procédé d’identification de gaz selon l’une quelcon-
que des revendications 8 à 11, comprenant en outre
l’étape consistant à :

- calibrer des débitmètres (6, 10) dans le systè-
me de ventilation en fonction de l’identité déter-
minée dudit deuxième gaz.

13. Procédé d’identification de gaz selon l’une quelcon-
que des revendications 8 à 12, comprenant en outre
l’étape consistant à :

- déterminer la composition du mélange de gaz
fourni sur la base de l’identité du deuxième gaz
et de la première et / ou deuxième valeur, et
- comparer la composition déterminée du mé-
lange de gaz fourni avec une composition de
mélange de gaz de référence préréglée, et
- calibrer les moyens de régulation d’écoule-
ment et de mélange de gaz (3, 4, 5, 6, 16) du
système de ventilation sur la base du résultat
de ladite comparaison.
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