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AUTOMATIC LUNG PARAMETER
ESTIMATOR FOR MEASURING OXYGEN
AND CARBON DIOXIDE GAS EXCHANGE

FIELD OF THE INVENTION

[0001] The present invention relates to a device for deter-
mining at least two respiratory parameters relating to an indi-
vidual. The invention also relates to a corresponding method,
a corresponding computer system, and a corresponding com-
puter program product.

BACKGROUND OF THE INVENTION

[0002] The lungs function both to secure the transport of
oxygen (O, ) from inspired gas to the blood for metabolism by
the cells, and that the byproduct of metabolism, carbon diox-
ide (CO,), is transported from the blood to the alveolar air to
be expired. The function of the lungs in this process, known as
pulmonary gas exchange, is vital for maintaining homeosta-
tis, and pulmonary gas exchange disorders as seen for
example in patients with chronic obstructive pulmonary dis-
ease (COPD), postoperative patients and the critically il are
major causes of death in hospitalized patients, and are asso-
ciated with large socioeconomic costs in and out of hospitals.
[0003] In individuals where pulmonary gas exchange is
compromised, blood levels of O, and CO, are affected differ-
ently by the underlying causes of gas exchange problems. The
most common cause of pulmonary gas exchange problems is
ventilation/perfusion (V/Q) mismatch, where pulmonary
shunt (V/Q=0) and alveolar dead space (V/Q=infinite) repre-
sent the extremes. The transport of O, from the lungs to the
blood is most affected by pulmonary shunt and regions of the
lung with low V/Q ratios caused by pulmonary injuries such
as atelectasis and airway closure. In contrast, the transport of
CO, from the blood to the lungs is most affected by alveolar
dead space and regions of the lung with high V/Q ratios.
[0004] Whilst O, and CO, are affected differently by pul-
monary gas exchange disorders, transport of the two gases in
the body is not independent. Both O, and CO, are transported
in the body by blood with the mechanisms for binding the two
gases in blood being different. O, is mainly transported bound
to haemoglobin, whereas CO, is mainly transported in the
form of bicarbonate (HCO,). The transport of O, and CO, is
coupled through effects known as the Bohr-Haldane effects
and correct description of transport of both these gasses
requires consideration of these effects.

[0005] In clinical practice, pulmonary gas exchange prob-
lems are normally evaluated using surrogate measures which
give a poor indication of the true underlying problems. O, gas
exchange problems are normally evaluated using pulse oxim-
etry oxygen saturation measurements or oxygen partial pres-
sure or saturation analysed from an arterial blood sample.
Whilst these measures indeed may indicate whether there is a
O, gas exchange problem in the form of hypoxemia, they vary
with changes in therapy not affecting the gas exchange status
of the patient, such as changes in inspired oxygen fraction
(Fi0,), and they do not allow a discrimination between
whether the underlying cause is low V/Q or shunt, for which
treatment can differ.

[0006] A previous patent describes the Automatic Lung
Parameter Estimator (hereinafter referred to as the ALPE
patent, or the ALPE device/system); U.S. Pat. No. 7,008,380
B, which is hereby incorporated by reference in its entirety.
The patent describes a device for evaluating pulmonary gas
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exchange with reference to the transport of oxygen. This
device has been shown to describe pulmonary gas exchange
of oxygen accurately in several patient groups successfully
separating the cause of O, gas exchange problems into that
arising due to shunt and low V/Q.

[0007] For CO,, measurements in clinical practice include
an arterial blood sample giving the partial pressure of CO,
and the pH showing whether CO, level is abnormal and
whether it has led to an acidosis/alkalosis. In additionalveolar
deadspace can be estimated from capnography but this is not
normally performed outside the operating theater.

[0008] Despite early physiological modeling efforts in the
1940’s forming much of our current understanding of pulmo-
nary gas exchange, O, and CQO, have traditionally been mea-
sured and evaluated independently. However, there is a clear
improvement potential in combining O, and CO, in measure-
ments and analysis acquiring a synergistic effect allowing
relevant interactions between O, and CO, to be described and
exploiting all available information resulting in more accu-
rate and physiological description of pulmonary gas
exchange.

[0009] Hence, an improved device for evaluating pulmo-
nary gas exchange would be advantageous, and in particular
a more efficient and/or reliable device would be advanta-
geous.

SUMMARY OF THE INVENTION

[0010] It is a further object of the present invention to
provide an alternative to the prior art.

[0011] In particular, it may be seen as an object of the
present invention to provide a device that solves the above
mentioned problems of the prior art with quantifying oxygen
and carbon dioxide pulmonary gas exchange in an individual
resulting in two or more respiratory parameters.

[0012] Human patients with gas exchange problems are of
particular interest, e.g. patients with hypoxemia or lung dis-
ease, but the device may also be used in healthy human
subjects, farm animals, domestic animals, and pet animals
used for experiments.

[0013] Thus, the above described object and several other
objects are intended to be obtained in a first aspect of the
invention by providing a device for determining at least two
respiratory parameters relating to an individual, comprising

[0014] agas flow device having means for conducting a
flow of inspiratory gas from an inlet opening to the
respiratory system of the individual and a flow of expi-
ratory gas from the respiratory system of the individual
to an outlet opening, a gas-mixing unit for supplying a
substantially homogeneous gas to the inlet opening of
the gas flow device,

[0015] first supply means for supplying a first gas to an
inlet of the gas mixing unit and having first control
means for controlling the flow of the first gas,

[0016] second supply means for supplying a second gas
having an oxygen fraction different to the gas supplied
from the first supply means to an inlet of the gas mixing
unit and having second control means for controlling the
flow of the second gas,

[0017] a computer for determining said two or more
respiratory parameters,

[0018] first detection means for detecting the level of
oxygen in the blood circulation of the individual and
producing an output to the computer accordingly, and
second detection means for detecting the level of oxygen
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in the gas flow passing into or out of the respiratory
system of the individual and producing an output to the
computer,

[0019] firstcarbon dioxide detection means for detecting
the level of carbon dioxide in the blood circulation of the
individual and producing an output to the computer
accordingly, and

[0020] second carbon dioxide detection means for
detecting the level of carbon dioxide in the gas flow
passing into or out of the respiratory system of the indi-
vidual and producing an output to the computer accord-
ingly,

[0021] the computer being adapted for retrieving and
storing at least two oxygen measurements and one car-
bon dioxide measurement,

[0022] the oxygen measurements being the concurrent
output produced by the first detection means and the
second detection means within a data structure, in which
the two stored outputs are mutually related and related to
astored oxygen measurement at a corresponding level of
oxygen in the gas flow passing into the respiratory sys-
tem,

[0023] the carbon dioxide measurement being the con-
current output produced by the first carbon dioxide
detection means and the second carbon dioxide detec-
tion means within a data structure, in which the two
stored outputs are mutually related and related to a
stored carbon dioxide measurement at a corresponding
level of oxygen in the gas flow passing into the respira-
tory system,

[0024] the computer further being adapted for determin-
ing at least two respiratory parameters being descriptive
of the pulmonary gas exchange of oxygen and/or carbon
dioxide of the individual, the determination being based
ontheatleast two oxygen measurements and one carbon
dioxide measurement.

[0025] Inshort, the present invention may provide a device
for estimating parameters indicative of gas exchange of both
0, and CO,, in particular in patients with severe lung injuries
such as those presenting in the intensive care unit with acute
lung injury or in patients with COPD, both patient groups
where improvement in understanding and more appropriate
therapy could lead to significant reductions in mortality and
socioeconomic costs.

[0026] 1t should be noted that previously quantitative
analysis of pulmonary gas exchange was possible, but clini-
cians to some extent relied on oversimplified methods when
evaluating pulmonary gas exchange in patients with respira-
tory failure. Thus, almost 60 years ago the work by Rahn and
Riley and Cournand made quantitative analysis of pulmonary
gas exchange possible but some assumptions underlying their
work may be rendered obsolete by the present invention.
[0027] In clinical practice single measurements or model
parameters are usually used to describe the effects of abnor-
malities in pulmonary gas exchange of O, and CO,. In
describing O, exchange, these include pulse oximetry,
venous and arterial blood gas measurements, intrapulmonary
shunt, or the oxygen partial pressure in arterial blood to
inspired oxygen fraction ratio (PaO,/FiO,). These values
have in common that they vary with extrapulmonary factors
such as ventilation and variation in inspired oxygen fraction
(Fi0,). In describing CO, exchange clinical parameters
include venous and arterial blood gas measurements, expired
CQO, levels, and calculation of physiological or alveolar dead
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space. When describing pulmonary gas exchange all single
parameter models of both O, and CO, have the problem that
they lump intrapulmonary effects into one pathophysiologi-
cal description.

[0028] The present invention is advantageous in that appro-
priate modeling using the detected level of CO, in the blood,
the invention is facilitating patient specific interpretation of
pulmonary gas exchange of O, and CO, at a degree much
closer to the true physiological picture than current available
clinical measurements, perhaps representing the optimal
compromise between complexity and feasibility as required
for a so-called ‘minimal’ model useful in clinical applica-
tions.

[0029] The present invention may further be seen as an
advantageous modification of the ALPE device for measure-
ment of CO, in inspired and expired gas as well as blood. In
addition, an embodiment of the invention may also include
software for analyzing the measurements provided by the
device incorporating equations describing the acid-base
chemistry of blood as well as O, and CO,, gas exchange. FIG.
1illustrates an example of the measurement data included for
describing pulmonary gas exchange of O, and CO,, in the
illustrated case a patient with severe lung injury. Also illus-
trated is the fit of a pulmonary gas exchange model to mea-
surement data. In comparison to the original ALPE device a
new subplot has been added with CO, measurement data and
model fit. Further details on FIG. 1 will be provided below.

[0030] In the context of the present invention, an oxygen
measurement or a carbon dioxide measurement may be con-
stituted by two corresponding measured inputs, e.g. a point in
a coordinate system or a graph like FIG. 1, as it will be
appreciated by the skilled reader considering the frame work
of the mentioned oxygen measurement or the mentioned car-
bon dioxide measurement.

[0031] Advantageously, the first detection means for
detecting the level of oxygen may detect parameters in the
blood circulation of the individual, such as SaQ,, SpO,,
Ca0,, Pa0,, or PpO,, or any combination thereof, or equiva-
lents or derived parameters thereof.

[0032] Advantageously, the second detection means for
detecting the level of oxygen may detect parameters in the gas
flow passing into or out of the respiratory system of the
individual, suchas Fi0,, FE'O,, FEO,, PiO,, PE'O,, or PEO,,
or any combination thereof, or equivalents or derived param-
eters thereof.

[0033] Advantageously, the first carbon dioxide detection
means for detecting the level of carbon dioxide may detect
parameters in the blood circulation of the individual, such as
PaCO,, Ca0, (e.g. by blood gas measurements), PtcCO, (e.g.
by transcutaneous measurements), or any combination
thereof, or equivalents or derived parameters thereof. The
transcutaneous measurements may be performed by commer-
cially available probes from e.g. Radiometer Medical, Sentec
or Philips IntelliVue.

[0034] Advantageously, the second carbon dioxide detec-
tion means for detecting the level of carbon dioxide in the gas
flow passing into or out of the respiratory system of the
individual, such as PiCO,, FiCO,, PECO,, FECO,, PE'CO,,
or FE'CO,, or any combination thereof, or equivalents or
derived parameters thereof.

[0035] Advantageously, the computer may be adapted for
determining at least two respiratory parameters such as Rdiff,
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shunt, V/Q, V-distribution, Q-distribution, H-shift, V-shift, or
CO,-shift, or any combination thereof, or equivalents or
derived parameters thereof.

[0036] Advantageously, the said respiratory parameters
may be generalized parameters being comparable to similar
parameter(s) determined for other individuals e.g. to facilitate
comparison with reference values and/or other individuals.
[0037] In a preferred embodiment, the computer may be
adapted for determining the at least two respiratory param-
eters selected from

[0038] a parameter indicative of the ventilation of the
individual,
[0039] a parameter indicative of the perfusion of the

individual, and
[0040] aparameter indicative of a ratio between a param-

eter indicative of the ventilation of the individual, and a

parameter indicative of the perfusion of the individual.
[0041] It should be noted that, in some cases, the selection
may be performed so that the at least two parameters may be
indicative of the ventilation of the individual, i.e. within the
same group. In particular, the computer may comprise a lung
model, the model comprising two ventilated compartments
and a pulmonary shunt compartment.
[0042] Inanembodiment, the computer may be adapted for
determining two respiratory parameters selected from

[0043] a parameter indicative of the ventilation of the
individual,
[0044] a parameter indicative of the perfusion of the

individual, and

[0045] aparameter indicative of aratio between a param-
eter indicative of the ventilation of the individual, and a
parameter indicative of the perfusion of the individual.

[0046] It should be noted that, in some cases, the selection
may be performed so that the two parameters may be indica-
tive of the ventilation of the individual, i1.e. within the same
group.

[0047] More particularly, the computer may be adapted for
determining the two respiratory parameters according to a
fitting model comprising:

[0048] a first variable fitting parameter, such as fs, said
variable fitting parameter being indicative of the intra-
pulmonary shunt fraction, and

[0049] a second variable fitting parameter, such as fA2,
said variable fitting parameter being indicative of the
fraction of ventilation, distributed between the said two
compartments, the variables fs and fAs being defined in
more detail below.

[0050] Alternatively, the computer may be adapted for
determining the two respiratory parameters according to a
fitting model comprising:

[0051] a first variable fitting parameter, such as fs, said
variable fitting parameter being indicative of the intra-
pulmonary shunt fraction, and

[0052] athird variable fitting parameter, such as 2, said
variable fitting parameter being indicative of the fraction
of perfusion distributed between the said two compart-
ments, the variables fs and f2 being defined in more
detail below.

[0053] In another embodiment, the computer may be
adapted for determining three respiratory parameters selected
from:

[0054] a parameter indicative of the ventilation of the
individual,
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[0055] a parameter indicative of the perfusion of the
individual, and

[0056] aparameter indicative of aratio between a param-
eter indicative of the ventilation of the individual, and a
parameter indicative of the perfusion of the individual.

[0057] It should be noted that, in some cases, the selection
may be performed so that the one or more of the three param-
eters may be indicative of the ventilation of the individual, i.e.
within the same group. Thus, one parameter may be indica-
tive of ventilation, and two parameters may be indicative of
perfusion, one of the two being for example the shunt.
[0058] More particularly, the computer may be adapted for
determining the three respiratory parameters according to a
fitting model comprising:

[0059] a first variable fitting parameter, such as fs, said
variable fitting parameter being indicative of the intra-
pulmonary shunt fraction,

[0060] a second variable fitting parameter, such as fA2,
said variable fitting parameter being indicative of the
fraction of ventilation distributed between the said two
compartments, and

[0061] athird variable fitting parameter, such as 12, said
third variable fitting parameter being indicative of the
perfusion distribution fraction between the two venti-
lated compartments of the lung model, the variables fs,
fA2 and 2s being defined in more detail below.

[0062] More specifically, the third variable fitting param-
eter may further be indicative of the ventilation and the pet-
fusion to the two ventilated compartments of the lung model,
[0063] In an embodiment, wherein the computer may be
further adapted for performing a procedure at least once, the
procedure comprises determining, based on at least two oxy-
gen measurements and one carbon dioxide measurement, and
a consistency measure indicative of the quality of the fitting
model, whether additional measurements are required.
Advantageously, the quality may be indicated or represented
by p-value, std. deviation, reliability, accuracy, goodness of
fit, residuals, or variation, etc. or any combination, and/or
derivate thereof, in order to improve the fitting process.
[0064] More advantageously, the computer may be further
adapted, if the consistency measure is below a predetermined
threshold, to indicate type and/or magnitude of additional
measurements to improve the consistency measure in order to
guide and/or assist the operator or perform an automated
process for improved fitting.

[0065] Evenmore advantageously, the computer may apply
ameasure to determine a quality of the cardiac output value.
In patients with elevated metabolism and suspected poor cit-
culation guesses or estimates (e.g. based on statistical mod-
els) may be poor predictors of cardiac output. In this case, it
can be argued that there is a clinical need for measurement of
cardiac output, and the disclosed device could direct clini-
cians to appropriate use of cardiac output measurements
based on a calculated measure of consistency between mea-
surements. Such consistency measures could also be used to
identify uncertainties regarding other measurements and the
device could provide advice to the user as to what measure-
ments and/or estimates should be improved or performed.
This advice could be based on statistical models, mathemati-
cal models, simple rules, etc., or any combination, and/or
derivative thereof.

[0066] Inanembodiment,the second carbon dioxide detec-
tion means may be arranged for detecting the level of carbon
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dioxide, such as FiCO,, or PiCO,, in the gas flow passing into
the respiratory system, and the device further comprises

third carbon dioxide detection means for detecting the level of
carbon dioxide, such as PECO,, FECO,, PE'CO,, or FE'CO,,
passing out of the respiratory system and producing an output
to the computer accordingly, and

fourth detection means for detecting variables, such as V1, f,
or V, of the gas flow passing the respiratory system and
producing an output to the computer accordingly, said output
being sufficient for the computer to establish the volume flow
of gas passing the respiratory system,

the computer being adapted for retrieving and storing output
from the third detection means and fourth detection means
within the data structure relating these stored output mutually
as well as with the output from the first and second oxygen
detection means and first and second carbon dioxide detec-
tion means retrieved simultaneously.

[0067] More specifically, the computer may then be further
adapted for establishing, based on said measurement(s), the
oxygen consumption (VO,) and carbon dioxide production
(VCO,) of the individual.

[0068] Typically, the carbon dioxide partial pressure in the
blood circulation may be in the range of 1 kPa to 20 kPa.

[0069] In one embodiment, the first carbon dioxide detec-
tion means may typically be arranged for detecting a param-
eter relating to the carbon dioxide partial pressure in the
arterial blood stream.

[0070] In another embodiment, the computer may be
adapted to determine two or more parameters relating to an
equilibrium state of the overall oxygen uptake or consump-
tion and carbon dioxide elimination or production based on
the output of at least one of the oxygen and one of the carbon
dioxide detection means, to compare said parameter(s) with
predefined threshold value(s) and to produce a control data
item accordingly if said parameter(s) exceed said threshold
value(s).

[0071] Inasecond aspect, the invention relates to a method
for determining two or more respiratory parameters using a
device according to the first aspect of the present invention,
wherein the individual is an apparently healthy individual,
alternatively, the individual may be considered to have a risk
of suffering from oxygen and/or carbon dioxide pulmonary
gas exchange problems, and more alternatively, the indi-
vidual may be suffering from oxygen and/or carbon dioxide
pulmonary gas exchange problems.

[0072] In third aspect, the invention relates to a computer
system comprising at least one general purpose computer
having one or more computer programs stored within data
storage means associated therewith, the computer system
being arranged for as well as being adapted for determining
two or more respiratory parameters relating to an individual
according to the first aspect.

[0073] In a fourth aspect, the invention relates to a com-
puter program product embodied on a computer readable
medium being adapted to enable a computer system accord-
ing to the third aspect to determine two or more respiratory
parameters of an individual.

[0074] The first, second, third and fourth aspect of the
present invention may each be combined with anty of the other
aspects. These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter.
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BRIEF DESCRIPTION OF FIGURES

[0075] FIG. 1. The measurement data obtained with the
disclosed modification of the ALPE device. Left subplot) Plot
of the end-tidal oxygen fraction (FE'O,, x-axis) against the
arterial oxygen saturation (Measured SaO,: o, measured
SpO,: +, y-axis) for a patient with severe lung injury. The
solid line illustrates model fitted curve using a three param-
eter model (shunt, V-distribution, Q-distribution) [3]. Dotted
line illustrates the FE'O,—Sa0, curve for the patient if the
patient had no gas exchange problems. Line A illustrates the
vertical displacement of the curve (V-shift) due to a shunt
disorder. Line B illustrates the change in slope of the vertical
portion of the FE'O,—Sa0, curve due to changes in perfu-
sion between regions of the lungs with different Ventilation/
Perfusion ratios. Line C illustrates the horizontal displace-
ment of the curve (H-shift) due to a ventilation/perfusion or
oxygen diffusion abnormality. Right subplot Plot of the end-
tidal carbon dioxide fraction (FE'CO,, x-axis) against the
arterial partial pressure of carbon dioxide (Measured PaCO,:
open o, y-axis) for the same severely ill patient as illustrated
in the left subplot, these data constituting the added measure-
ments obtained with the disclosed modification of the ALPE
device. An x illustrates the model fitted prediction of PaCO,
using a three parameter model (shunt, V-distribution, Q-dis-
tribution), cf. Reference 3. The filled o illustrates the
FE'CO,—PaCQ, point for the patient if the patient had no gas
exchange problems. Line D illustrates the displacement in
carbon dioxide level (CO,-shift) due to gas exchange prob-
lems.

[0076] FIG. 2. An embodiment of the Automatic Lung
Parameter Estimator experimental set-up working with nitro-
gen for sub-atmospheric oxygen levels modified with means
for detecting carbon dioxide contents in gases passing into
and out of the respiratory system and for continuous nonin-
vasive measurement of arterial carbon dioxide contents. The
system includes: 1) A Gas Delivery Unit including gas inlets
(la, 1b), a gas mixer (1c), a flow or pressure gradient (1d),
equipment for the measurement and/or setting of inspired
oxygen fraction (FiO,), tidal volume and respiratory fre-
quency (le) and equipment for the measurement of inspired
carbon dioxide fraction (FiCO,); 2) Equipment for measure-
ment of expired gases including an oxygen monitor placed so
as to measure end tidal oxygen fraction (2a), a carbon dioxide
monitor placed so as to measure end tidal carbon dioxide
fraction (2b), and/or an expiratory reservoir, used with an
oxygen monitor and/or a carbon dioxide monitor to measure
the fraction of gas in or leaving the expiratory reservoir
(FEO,, FECO,) (2¢); 3) Non-invasive monitoring equipment
including: Measurement of arterial oxygen saturation (Sa0,)
via e.g. a pulse oxymeter (SpQ,) (3a) and measurement of
arterial carbon dioxide levels via e.g. a transcutaneous carbon
dioxide monitor (PtcCO,) (3b); 4) Measurements of arterial
or venous blood gas samples (optional); 5) Measurement of
cardiac output (optional); 6) A computer system including
software for automatic collection of data (6a), monitoring the
steady state of the patients/subjects oxygenation (6b), a feed-
back controller for adjusting inspired oxygen fraction (6¢),
and estimation of gas exchange parameters (6d). Dashed
arrowed lines illustrate the flow of information to the com-
puter. Dotted arrowed lines illustrate the control of the gas
delivery unit by the computer.

[0077] FIG. 3. Flow chart for a measurement of variables
for determination of oxygen and carbon dioxide lung param-
eters.
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[0078] A: Begin parameter estimation if FIO,<1.00 and
$p0,>0.85
[0079] B: Continuous data recording from gas delivery

unit, pulse oxymeter, transcutaneous carbon dioxide monitor
and expiratory gas measurement devices.

[0080] C: Set oxygen level (FiO,).

[0081] D: Monitor O, and CO, equilibrium.

[0082] E: Equilibrium level.

[0083] F: Record measurement.

[0084] G: Sufficient number of measurements?

[0085] H: Estimate new FiO,.

[0086] I: Estimate Pulmonary Parameters.

[0087] FIG. 4. Three different models of pulmonary gas

exchange constituting examples of models applicable with
the disclosed device (left column). Also illustrated are the
individual models’ specific equations for pulmonary gas
exchange of CO, (middle) and O, (right). Model equations
describe gas fractions (F), volume flows (V), partial pressures
(P) and concentrations (C) of O, and CO,. Model equations
describe O, and CO, in inspired gas (1), alveolar gas (A),
end-tidal gas (ET), mixed venous blood (V), pulmonary cap-
illary blood (c) and arterial blood (a). Model parameters are
written as bold in equations. a): One parameter model with
one ventilated compartment with no V/Q) mismatch and an
unventilated pulmonary shunt compartment receiving a frac-
tion of cardiac output (fs parameter). b) Two parameter model
with two ventilated compartments and a pulmonary shunt
compartment (fs). The high V/Q compartment receives 10%
of non-shunted blood flow while the low V/Q compartment
receives 90%. The parameter fA2 determines ventilation dis-
tribution between the two ventilated compartments. ¢) Three
parameter model with two ventilated compartments and a
pulmonary shunt compartment (fs). Both ventilation and per-
fusion to ventilated compartments can be varied with the
parameters fA2 and f2, respectively.

DETAILED DESCRIPTION OF THE INVENTION

[0088] One embodiment will be described. The embodi-
ment description will focus on the modifications of the Auto-
matic Lung Parameter Estimator (ALPE), cf. Reference 1,
device for determining two or more respiratory parameters
relating to an individual. The modifications of the ALPE
device will allow the same fast on-line estimation of respira-
tory parameters completing the measurement procedure in
10-15 minutes, but also allowing calculation of respiratory
parameters describing the pulmonary gas exchange of carbon
dioxide in addition to oxygen. The disclosed device therefore
retains the functionalities of the ALPE patent, these being:

[0089] 1) On-line continuous data collection

[0090] 2) Automatic assessment of the timing of mea-
surements

[0091] 3) Automatic detection of the next target SpO,

[0092] 4) Automatic assessment of the appropriate Fi0,

settings to achieve target SpO,

[0093] 5) Automatic control of the FiO,
[0094] 6) On-line parameter estimation
[0095] 7) Automatic assessment of the number of mea-

surements required
[0096] To allow calculation of respiratory parameters relat-
ing to an individual describing the pulmonary gas exchange
of both oxygen and carbon dioxide, it is preferable to add the
following functionalities
[0097] 1) Include invasive or non-invasive measure-
ments of carbon dioxide contents of arterial blood
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[0098] 2) Include measurements of carbon dioxide con-
tents in inspired and expired gases

[0099] 3)Estimate or measure acid-base status of arterial
blood
[0100] 4) Include equations in computer software for

parameter estimation describing gas exchange of oxy-
gen and carbon dioxide and the acid-base chemistry of
blood preferably including the competitive binding of
oxygen and carbon dioxide to hemoglobin

[0101] 5) Optionally, include carbon dioxide in assess-
ment of the timing of measurements

[0102] 6) Optionally, include carbon dioxide in assess-
ment of the number of measurements required

[0103] The resulting novel apparatus includes the ventila-
tory equipment, computer hardware and software as outlined
below.

[0104] Description of the Automatic Lung Parameter Esti-
mator for O, and CO, according to the present invention, in
the following called ALPE2:

[0105] The ALPE2, illustrated in FIG. 2, may be used to
quantify gas exchange parameters in any individual, with the
parameters in patients being useful for diagnostic or monitor-
ing purposes and in healthy subjects and animals in experi-
ments. ALPE2 will be particularly interesting in patients with
chronic or severe lung disease, e.g. patients with chronic
obstructive pulmonary disease or patients with acute respira-
tory distress syndrome.

[0106] TheALPE2 canautomatically determine the param-
eters of models of oxygen and carbon dioxide transport.
These parameters are obtained from numerous measurements
including the FiO,/SpO, curve and at least a single measure-
ment of the arterial carbon dioxide contents, with the combi-
nation of the carbon dioxide point and the FiO,/SpO, curve
being constructed automatically by the apparatus, the latter
from SpO, varying between 0.85 to 1.00.

[0107] ALPE2 illustrated in FIG. 2 includes the following,
with numbers in the text referring to the numbers in FIG. 2:

[0108] 1. A gas delivery unit—This equipment being
identical to the ALPE gas delivery unit, i.e. including
two or more gas inlets, shown in FIG. 2 delivering a)
oxygen or nitrogen, and b) air; ¢) a gas mixer; d) a means
for delivering gases to the individual; ¢) equipment for
measuring and/or sefting inspired oxygen fraction
(Fi0,); and f) equipment for measuring inspired carbon
dioxide fraction or pressure (FiCO, or PiCQO,). Alterna-
tively, FiCO, or PiCO, may be estimated, e.g. assuming
that inspired carbon dioxide fraction is equal to that of
room air or zero. The gas delivery unit of the ALPE2
system can either be a stand-alone device or any other
device which includes the necessary functionality. e.g. a
patient ventilation device.

[0109] 2. Measurement of expired gases—oxygen and
carbon dioxide contents of expired gases are measured
using either: a) An oxygen monitor and b) a carbon
dioxide monitor (i.e. a capnograph), a+b) placed to mea-
sure expired gases, and sensitive enough to allow deter-
mination of end tidal gas contents (FE'O, or FE'O,, and
FE'CO, or PE'CO,), i.e. the oxygen and carbon dioxide
contents in the gases at the end of an expiration; or c) An
expiratory reservoir, placed so as to capture expiratory
gases, used in combination with a carbon dioxide moni-
tor sensitive enough to measure the carbon dioxide con-
tents in gas in or leaving the expiratory reservoir (FEQ,
or PEO,, and FECO, or PECO,).
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[0110] 3. Measurement of arterial contents of oxygen
and carbon dioxide—a) arterial oxygen saturation
(Sa0,) is measured as in ALPE viae.g. a pulse oximeter
(Sp0,); b) arterial level of carbon dioxide (i.e. partial
pressure (PaCQ,), concentration or content) can be mea-
sured via e.g. a transcutaneous carbon dioxide monitor.

[0111] 4. Measurement of arterial or venous blood
samples—Measurements of arterial, peripheral venous,
central venous, and mixed venous blood gas samples
may be taken or monitored continuously and entered
manually into the system. A single measurement of the
level of CO, is necessary either through noninvasive
means (see point 3 above) or through blood sampling. If
via blood sample, then invasive measurements of the
level of oxygenation and acid-base chemistry will also
be available and can be input to the calculations pet-
formed by the device. These inputs are optional.

[0112] 5. Measurement of cardiac output—Cardiac out-
put may be measured and manually entered into the
system. This measurement is optional.

[0113] 6. A computer system—this system including
software for:

[0114] a) Automatic collection of data from the gas
delivery unit (Fi0,, FiCO,, Vt, f), expired gas mea-
surement devices (FE'O,, FEO,, FE'CO,, FECO,),
pulse oxymeter (or other source of SpO, or Sa0,),
transcutaneous carbon dioxide monitor (or other
optional source of monitoring CO,).

[0115] b) Monitoring steady state of the individual’s
oxygen and carbon dioxide pulmonary gas exchange.

[0116] c¢) A feedback controller, which determines
whether a further measurement is required consider-
ing previous oxygen and carbon dioxide measure-
ments and automatically adjusts FiO, to the most
appropriate level.

[0117] d) Estimation of respiratory parameters from
the collected data describing the oxygen and carbon
dioxide gas exchange status of the individual. Dashed
arrowed lines in FIG. 2 illustrate flow of information
to the computer system. Dotted arrowed lines in FIG.
2 illustrate the control of the gas delivery unit by the
computer.

DETAILED DESCRIPTION OF THE
FLOWCHART

[0118] The flowchart is provided solely to illustrate the
invention by reference to a specific embodiment. The flow-
chart and the algorithms included herein, while illustrating
certain aspects of the invention, do not portray the limitations
or circumscribe the scope of the disclosed invention.

[0119] FIG. 3 is a flowchart illustrating the processes
involved during operation of the Automatic Lung Parameter
Estimator for O, and CO, (ALPE2).

[0120] Box A: After set-up of the equipment as illustrated
in FIG. 2 the parameter estimation procedure begins.

[0121] BoxB: As part of this process the computer continu-
ously collects data from the other equipment, including FiO,
and SpO, (and/or FE'O,, FEO,, FE'CO,, FECO,, V1, f,
PtcCO,).

[0122] Box C: An initial inspired oxygen fraction is
selected (Fi0,) and delivered to the patient. This is done
automatically via the computer or manually by the doctor.
Initially Fi0, is usually that of air (21%) but any other value
of Fi0, can be used as the starting point for the experiment. At
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all times the patient/subject is required to have an arterial
oxygen saturation (SpO,) greater than or equal to 0.85. The
initial Fi0, may therefore be set to ahighlevel so as to achieve
Sp0,=0.85.

[0123] After setting the inspired oxygen level the patients’
pulmonary gas exchange system will take time to equilibrate.
This usually occurs within 2-5 minutes after the perturbation.
The equilibrium of the patients pulmonary gas exchange sys-
tem is monitored automatically by the “steady state monitor”
software in the computer. This functionality substantially
reduces the time taken to perform a parameter estimation and
is only possible because of the apparatus.

[0124] Box D: The assessment of equilibrium can be per-
formed using a number of algorithms, e.g. as follows:

1) The arterial oxygen saturation (SpO,) and/or the transcu-
taneous carbon dioxide partical pressure (PtcCO,) remain
constant within a predefined range over a predefined time
period.

[0125] 2) The difference between the fraction of oxygen
in the inspired and expired gas and/or the difference
between the fraction of carbon dioxide in the inspired
and expired gas remain constant within a predefined
interval over a predefined time period.

[0126] 3) The calculated oxygen consumption (VO,)
and/or the calculated carbon dioxide production (VCO,)
remain constant within a predefined interval for a pre-
defined time period.

[0127] The oxygen consumption (VO,) is calculated auto-
matically by the computer from the continuously monitored
variables using the equation VO,=f (Vt-Vd) (FiO,—FE'O,)
assuming, measuring or calculating a value of Vd, or using
VO,=f Vt (FiO,—FEQ,), or any variation in this equation
where a combination of measurements of end tidal or mixed
expired gases are used to estimate the oxygen consumption.
Similarly, the carbon dioxide production (VCO,) is calcu-
lated automatically by the computer from the continuously
monitored variables using the equation VCO,=f (Vt-Vd)
(FE'CO,—FiCO,) assuming or calculating a value of Vd, or
using VCO,=f Vt (FECO,—Fi0,), or any variation in this
equation where a combination of measurements of end tidal
or mixed expired gases are used to estimate the carbon diox-
ide production.

[0128] Box E: When equilibrium is achieved a measure-
ment is recorded (Box F).

[0129] Box F: This measurement includes the current val-
ues of all continuously monitored variables as described pre-
viously. It can also include measurements of blood gases from
and arterial, peripheral venous, central venous or mixed
venous blood and a cardiac output measurement obtained
from equipment e.g. a pulmonary catheter. The last measure-
ments are optional, unless arterial carbon dioxide levels are
not measured continuously, in which case a single blood
sample is necessary to measure blood level of carbon dioxide.
Preferably the carbon dioxide level of blood is measured and
related to oxygen measurements at a certain Fi0, level. The
measurement of carbon dioxide level of blood could, how-
ever, also in a separate aspect of the invention be performed
independent of oxygen measurements, before, during or after
the procedure, ignoring the measured oxygen contents in
calculations limiting these from including the interactions
between oxygen and carbon dioxide in describing the gas
exchange of the individual.

[0130] BoxG: Following a measurementit is decided either
automatically by the apparatus or manually by the clinician
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whether a sufficient number of measurements have been per-
formed, or whether to change the inspired oxygen fraction to
anew level and take a further measurement when equilibrium
is achieved.

[0131] Box H: Itis also decided either automatically by the
apparatus or manually by the clinician what level of FiO,
should be selected for a new measurement (if necessary). An
experiment consists of not less than 2 measurements at vary-
ing FiO, levels, with SpO, in the range 0.85-1.00 of which at
least one measurement includes carbon dioxide level in
blood, e.g. via a transcutaneous carbon dioxide monitor. It is
important that the setting of FiO, levels achieve data points
with SpO, well distributed between 0.85-1.00. There is no
requirement of the range of carbon dioxide measurements.
[0132] Examples of algorithms, which can be used to
implement Box G are included in the next section.

[0133] Box I: After an adequate set of measurements has
been taken parameters are estimated which describe the indi-
vidual’s lung function. Parameter estimation is performed
automatically using one or more of the following algorithms:
1) Graphical estimation of oxygen and carbon dioxide dis-
placements of the FiO,/SpO, curve (or FE'0,/SpO, or FEO,/
Sp0O,) and the FE'CO,/PtcCO, point (or FECO,/PtcCO, or
FiCO,/PtcCO,).

[0134] Values of inspired or expired oxygen fraction can be
plotted against the arterial oxygen saturation (SpO,) and val-
ues of inspired or expired carbon dioxide fraction can be
plotted against the arterial carbon dioxide contents (e.g.
PtcCQ,) and graphical methods used to measure the horizon-
tal (H-shift) and vertical displacement (V-shift) of the oxygen
data (or interpolated oxygen data) from a normal reference
range and used to measure the displacement of carbon diox-
ide level (CO,-shift) from a normal reference range.

2) Estimation of the parameters of models of oxygen trans-
port.

[0135] All data collected for each of the measurements can
be used with mathematical models of oxygen and carbon
dioxide pulmonary gas exchange to estimate parameters
describing gas exchange of oxygen and carbon dioxide.
Parameters can e.g. be estimated describing the shunting of
pulmonary blood (shunt) and either a resistance to gas diffu-
sion or a mismatch between the ventilation and perfusion of
the lung.

[0136] In the following, more details and results on the
modeling will be provided. For further details and references,
the skilled reader is referred to Reference 3, which is hereby
incorporated by reference in its entirety.

[0137] The models and results presented in the following
illustrate models of varying complexity (number of respira-
tory parameters) and a comparison of the models” ability to
perform model fitted predictions of measured data from 18
intensive care patients.
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[0138] Three models of increasing complexity (number of
parameters) describing O, and CO, pulmonary gas exchange
are described as illustrated in FIG. 4 where individual model
specific equations also are listed. The models are based on
continuous ventilation and perfusion, mass conservation and
assume steady state. Model a is a one-parameter model,
including two compartments: a shunt compartment with a
parameter, fs, describing the intrapulmonary shunt fraction;
and a ventilated compartment receiving all ventilation and
non-shunted perfusion.

[0139] Model b is a two-parameter model, including a
shunt compartment, and two ventilated compartments to
describe V/Q mismatch: a low VAQ compartment receiving
90% of non-shunted perfuision; and a high V/Q compartment
receiving 10%. A parameter, fA2, describes the fraction of
ventilation going to each ventilated compartment and thereby
the degree of V/(Q mismatch.

[0140] Model cis a three-parameter model with ventilation
and perfusion distributions varied between the ventilated
compartments according to the fA2 and f2 parameters,
respectively. Equations in FIG. 4 describe: 1) Relationship
between alveolar gas contents in model compartments and
end-tidal measurements; 2) O, consumption and CO,, produc-
tion; 3) Relationship between mixed venous gas concentra-
tions and capillary gas concentrations in model compart-
ments; 4) Arterial gas concentration calculated from capillary
and mixed venous concentrations.

[0141] Inadditionto equations listed in FIG. 4, anumber of
equations are included for describing alveolar ventilation,
capillary gas contents from alveolar or end-tidal gas contents
in gas passing out of the respiratory system, etc. Also included
is equations describing the acid-base chemistry of blood
enabling calculation of blood O, and CO, contents (arterial,
capillary and venous) taking into account interactions
between O, and CO, (e.g. Bohr-Haldane effects) and the
acid-base chemistry of blood.

[0142] Table 1 below shows calculated accuracy and pre-
cision of model fitted predictions of SpO,, Sa0,, and PaCO,
in 18 intensive care patients using the three models of pulmo-
nary gas exchange illustrated in FIG. 4. Calculated precisions
(normalized interquartile range of residuals (NIQR)) can be
compared with the expected precisions, which are SpO,:
0.02; Sa0,: 0.005 and PaCO,: 0.09 kPa. For model c biases
are small and calculated precision indicate precisions mar-
ginally better than expected levels. Biases are larger for
model b compared to model ¢. Model b precision, however,
are within expected levels. Model a can only predict SpO,
with small bias and good precision, but predicts SaO, and
PaCO, with poor bias and precision.

TABLE 1

Calculated accuracy (median residuals) and precision (normalized interquartile
range of residuals) for model fitted predictions of SpO2, $a02, and PaCO?2 in 18 intensive
care patients using the three models of pulmonary gas exchange illustrated in FIG 4.

Model a Model b Model ¢

Prediction Median NIQR Median NIQR Median NIQR

SpO2 0.004 0.019 0.013 0.020 0.006 0.013
Sa02 -0.012 0.008 -0.004 0.004 -0.003 0.003
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TABLE 1-continued
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Calculated accuracy (median residuals) and precision (normalized interquartile
range of residuals) for model fitted predictions of Sp0O2, Sa02, and PaCO?2 in 18 intensive
care patients using the three models of pulmonary gas exchange illustrated in FIG 4.

Model a Model b Model ¢
Prediction Median NIQR Median NIQR Median NIQR
PaCO2 -1.28 0.66 0.01 0.01 0.00 0.00
(kPa)

Results are from Reference 3.

Glossary

[0143] FiO, Fraction of oxygen in inspired gas.

[0144] PiO, Pressure of oxygen in inspired gas.

[0145] FiCO, Fraction of carbon dioxide in inspired gas.
[0146] PiCO, Pressure of carbon dioxide in inspired gas.
[0147] SaO, Oxygen saturation of arterial blood, measured

from a blood sample.

[0148] CaO, Oxygen concentration in arterial blood.

[0149] PaO, Pressure of oxygen in arterial blood, measured
from a blood sample.

[0150] SpO, Oxygen saturation of arterial blood, measured
transcutaneously.

[0151] PpO, Pressure of oxygen in arterial blood, measured
transcutaneously.

[0152] FE'O, Fraction of oxygen in expired gas at the end
of expiration.

[0153] FEO, Fraction of oxygen in the mixed expired gas.

[0154] PE'O, Pressure of oxygen in expired gas at the end
of expiration.

[0155] PEOQ, Pressure of oxygen in the mixed expired gas.

[0156] FE'CO, Fraction of carbon dioxide in expired gas at
the end of expiration.

[0157] FECO, Fraction of carbon dioxide in the mixed
expired gas.

[0158] PE'CO, Pressure of carbon dioxide in expired gas at
the end of expiration.

[0159] PECO, Pressure of oxygen in the mixed expired gas.

[0160] PaCO, Carbon dioxide partial pressure in arterial
blood, measured from a blood sample.

[0161] CaCO, Carbon dioxide concentration in arterial
blood.
[0162] PiwcCO, Transcutaneous carbon dioxide partial pres-

sure, measured transcutaneously.

[0163] Vit Tidal volume, i.e. volume of gas breathed per
breath.

[0164] f Respiratory frequency, i.e. number of breaths per
minute.

[0165] VO, Oxygen consumption, i.e. the liters of oxygen
consumed by the tissues per minute.

[0166] VCO, Carbon dioxide production, i.e. the liters of
carbon dioxide produced by the tissues per minute.

[0167] Vd Dead space i.e. the volume of the lung not
involved in exchanging gases with the blood.

[0168] shunt Respiratory parameter representing the frac-
tion of blood not involved in gas exchange.

[0169] Rdiff Respiratory parameter representing a resis-
tance to oxygen diffusion across the alveolar lung capillary
membrane.

[0170] V Ventilation.

[0171] Q Perfusion

[0172] V/Q Respiratory parameter representing the bal-
ance between ventilation and perfusion of a homogeneous
region of the lung.

[0173] V-distribution Respiratory parameter representing
fraction of ventilation going to different regions of the
lungs or fraction of ventilation going to different ventilated
compartments of a model of pulmonary gas exchange.

[0174] Q-distribution Respiratory parameter representing
fraction of perfusion going to different regions of the lungs
or fraction of perfusion going to different ventilated com-
partments of a model of pulmonary gas exchange.

[0175] V-shift Respiratory parameter representing a verti-
cal shift in plots of FiO, against Sa0,, FiO, against SpO,,
FE'O, against Sa0,, or FE'O, against SpO,,.

[0176] H-shift Respiratory parameter representing a hori-
zontal shift in plots of Fi0, against SaO,, FiO, against
SpO,, FE'O, against Sa0,, or FE'O, against SpO,.

[0177] CO,-shift Respiratory parameter representing the
CO,-level shift in plots of FiCO, against PaCO,, FiCO,
against PtcCO,, FE'CO, against PaCO,, or FE'CO, against
PtcCO,.
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[0184] The invention can be implemented by means of

hardware, software, firmware or any combination of these.

The invention or some of the features thereof can also be

implemented as software running on one or more data pro-

cessors and/or digital signal processors.

[0185] The individual elements of an embodiment of the

invention may be physically, functionally and logically
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implemented in any suitable way such as in a single unit, in a
plurality of units or as part of separate functional units. The
invention may be implemented in a single unit, or be both
physically and functionally distributed between different
units and processors.

[0186] The skilled person in the field of pulmonary gas
exchange would recognise that ventilation/perfusion mis-
match is the primary physiological cause of gas exchange
problems. However they would also recognize that a model of
diffusion resistance describing impaired diffusion of oxygen
and/or carbon dioxide (e.g. in different model compartments)
could be applied to fit measurements of oxygen and carbon
dioxide in respiratory gases and blood. In the context of the
claims, the mentioning of ventilation, perfusion and/or ven-
tilation/perfusion mismatch or ratio should not be construed
as excluding parameters describing ventilation, and/or perfu-
sion to model compartments with diffusion resistance and
parameters relating to diffusion resistance or any combina-
tion thereof, or equivalents or derived parameters thereof.
[0187] Although the present invention has been described
in connection with the specified embodiments, it should not
be construed as being in any way limited to the presented
examples. The scope of the present invention is to be inter-
preted in the light of the accompanying claim set. In the
context of the claims, and other parts of the description, the
terms “comprising” or “comprises” do not exclude other pos-
sible elements or steps. Also, the mentioning of references
such as “a” or “an” etc. should not be construed as excluding
a plurality. The use of reference signs in the claims with
respect to elements indicated in the figures shall also not be
construed as limiting the scope of the invention. Furthermore,
individual features mentioned in different claims, may pos-
sibly be advantageously combined, and the mentioning of
these features in different claims does not exclude that a
combination of features is not possible and advantageous.

1. A device for determining at least two respiratory param-
eters relating to an individual, comprising a gas flow device
having means for conducting a flow ofinspiratory gas from an
inlet opening to the respiratory system of the individual and a
flow of expiratory gas from the respiratory system of the
individual to an outlet opening, a gas-mixing unit for supply-
ing a substantially homogeneous gas to the inlet opening of
the gas flow device,

first supply means for supplying a first gas to an inlet of the

gas mixing unit and having first control means for con-
trolling the flow of the first gas,

second supply means for supplying a second gas having an

oxygen fraction different to the gas supplied from the
first supply means to an inlet of the gas mixing unit and
having second control means for controlling the flow of
the second gas, a computer for determining said two or
more respiratory parameters, first detection means for
detecting the level of oxygen in the blood circulation of
the individual and producing an output to the computer
accordingly, and second detection means for detecting
the level of oxygen in the gas flow passing into or out of
the respiratory system of the individual and producing
an output to the computer, first carbon dioxide detection
means for detecting the level of carbon dioxide in the
blood circulation of the individual and producing an
output to the computer accordingly, and second carbon
dioxide detection means for detecting the level of carbon
dioxide in the gas flow passing into or out of the respi-
ratory system of the individual and producing an output
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to the computer accordingly, the computer being
adapted for retrieving and storing at least two oxygen
measurements and one carbon dioxide measurement,
the oxygen measurements being the concurrent output
produced by the first detection means and the second
detection means within a data structure, in which the two
stored outputs are mutually related and related to a
stored oxygen measurement at a corresponding level of
oxygen in the gas flow passing into the respiratory sys-
tem,

the carbon dioxide measurement being the concurrent out-
put produced by the first carbon dioxide detection means
and the second carbon dioxide detection means within a
data structure, in which the two stored outputs are mutu-
ally related and related to a stored carbon dioxide mea-
surement at a corresponding level of oxygen in the gas
flow passing into the respiratory system, the computer
further being adapted for determining at least two respi-
ratory parameters being descriptive of the pulmonary
gas exchange of oxygen and/or carbon dioxide of the
individual, the determination being based on the at least
two oxygen measurements and one carbon dioxide mea-
surement.

2-23. (canceled)

24. The device according to claim 1, wherein said respira-
tory parameters is/are generalized parameters being compa-
rable to similar parameter(s) determined for other individu-
als.

25. The device according to claim 1, wherein the computer
is adapted for determining the at least two respiratory param-
eters selected from:

a parameter indicative of the ventilation of the individual,

a parameter indicative of the perfusion of the individual, or

a parameter indicative of a ratio between a parameter
indicative of the ventilation of the individual, and a
parameter indicative of the perfusion of the individual.

26. The device according to claim 25, wherein the com-
puter comprises a lung model, the model comprising two
ventilated compartments and a pulmonary shunt compart-
ment.

27. The device according to claim 26, wherein the com-
puter is adapted for determining two respiratory parameters
selected from:

a parameter indicative of the ventilation of the individual,

a parameter indicative of the perfusion of the individual, or

a parameter indicative of a ratio between a parameter
indicative of the ventilation of the individual, and a
parameter indicative of the perfusion of the individual.

28. The device according to claim 27, wherein the com-
puter is adapted for determining the two respiratory param-
eters according to a fitting model comprising:

a first variable fitting parameter, said variable fitting
parameter being indicative of the intrapulmonary shunt
fraction, and

a second variable fitting parameter, said variable fitting
parameter being indicative of the fraction of ventilation,
distributed between the said two compartments.

29. The device according to claim 27, wherein the com-
puter is adapted for determining the two respiratory param-
eters according to a fitting model comprising:

a first variable fitting parameter, said variable fitting

parameter being indicative of the intrapulmonary shunt
fraction, and
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a third variable fitting parameter, said variable fitting
parameter being indicative of the fraction of perfusion
distributed between the said two compartments.

30. The device according to claim 25, wherein the com-
puter is adapted for determining three respiratory parameters
selected from:

a parameter indicative of the ventilation of the individual,

aparameter indicative of the perfusion of the individual, or

a parameter indicative of a ratio between a parameter
indicative of the ventilation of the individual, and a
parameter indicative of the perfusion of the individual.

31. The device according to claim 30, wherein the com-
puter is adapted for determining the three respiratory param-
eters according to a fitting model comprising:

a first variable fitting parameter, said variable fitting
parameter being indicative of the intrapulmonary shunt
fraction,

a second variable fitting parameter, said variable fitting
parameter being indicative of the fraction of ventilation
distributed between the said two compartments, and

a third variable fitting parameter, said third variable fitting
parameter being indicative of the perfusion distribution
fraction between the two ventilated compartments of the
lung model.

32. The device according to claim 31, wherein said third
variable fitting parameter is indicative of the ventilation and
the perfusion to the two ventilated compartments of the lung
model.

33. The device according to claim 1, wherein the computer
is further adapted for performing a procedure at least once,
wherein the procedure comprises:

determining, based on at least two oxygen measurements
and one carbon dioxide measurement, and a consistency
measure indicative of the quality of the fitting model,
whether additional measurements are required.

34. The device according to claim 33, wherein the com-
puter is further adapted, if the consistency measure is below a
predetermined threshold, to indicate type and/or magnitude
of additional measurements to improve the consistency mea-
sure.

35. The device according to claim 33, wherein the com-
puter applies a measure to determine a quality of the cardiac
output value.

36. The device according to claim 1, wherein the second
carbon dioxide detection means are arranged for detecting the
level of carbon dioxide in the gas flow passing into the respi-
ratory systeni, and the device further comprises:

a third carbon dioxide detection means for detecting the
level of carbon dioxide passing out of the respiratory
system and producing an output to the computer accord-
ingly, and fourth detection means for detecting variables
of the gas flow passing the respiratory system and pro-
ducing an output to the computer accordingly, said out-
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put being sufficient for the computer to establish the
volume flow of gas passing the respiratory system, the
computer being adapted for retrieving and storing output
from the third detection means and fourth detection
means within the data structure relating these stored
output mutually as well as with the output from the first
and second oxygen detection means and first and second
carbon dioxide detection means retrieved simulta-
neously.

37. The device according to claim 36, wherein the com-
puter is further adapted for establishing, based on said mea-
surement(s), the oxygen consumption and carbon dioxide
production of the individual.

38. The device according to claim 1, wherein the carbon
dioxide partial pressure in the blood circulation is in the range
of 1 kPato 20 kPa.

39. The device according to claim 1, wherein the first
carbon dioxide detection means is arranged for detecting a
parameter relating to the carbon dioxide partial pressure in
the arterial blood stream.

40. The device according to claim 1, wherein the computer
is adapted to determine two or more parameters relating to an
equilibrium state of the overall oxygen uptake or consump-
tion and carbon dioxide elimination or production based on
the output of at least one of the oxygen and one of the carbon
dioxide detection means, to compare said parameter(s) with
predefined threshold value(s) and to produce a control data
item accordingly if said parameter(s) exceed said threshold
value(s).

41. A method for determining two or more respiratory
parameters in an individual comprising:

providing the device of claim 1; and

determining two or more respiratory parameters in an indi-

vidual.

42. The method of claim 41, wherein said individual is a
healthy individual.

43. The method of claim 41, wherein said individual is
considered to have a risk of suffering from oxygen and/or
carbon dioxide pulmonary gas exchange problems.

44. The method of claim 41, wherein said individual is
suffering from oxygen and/or carbon dioxide pulmonary gas
exchange problems.

45. A computer system comprising at least one general
purpose computer having one or more computer programs
stored within data storage means associated therewith, the
computer system being arranged for as well as being adapted
for determining two or more respiratory parameters relating
to an individual according to claim 1.

46. A computer program product embodied on a computer
readable medium being adapted to enable a computer system
according to claim 45 to determine two or more respiratory
parameters of an individual.
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