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DESCRIPTION

Technical field of the invention

[0001] The present invention relates to a decision support system (DSS), a medical monitoring
system, and a corresponding method for identifying the need for measurement of cardiac
output (CO). More specifically, for identifying when an approximated value of CO cannot be
correct due to circulatory compromise and as such that another estimated or measured value
is required, and that when a calculation of the minimum value of CO consistent with other
values of physiological variables is required.

Background of the invention

[0002] Patients residing at the intensive care unit are typically monitored for their circulatory or
hemodynamic status. This usually includes measurement of arterial blood pressure from either
an arterial catheter or a non-invasive blood pressure cuff;, and measurement of central venous
pressure using a catheter. While measurement of blood pressure is a useful indication for
hemodynamic status it does not provide sufficient monitoring for patients where circulation is
expected to be most compromised, for example those with shock [1]. In these patients, it is
often desirable to measure both pressure and the total blood flow in the circulatory system,
known as the cardiac output (CO) [1]. Most clinically importance is the cardiac output from the
left ventricle of a normal human being.

[0003] The reference technique for measurement of CO is using a thermodilution technique
following placement of a Swan-Ganz or pulmonary artery (PA) catheter. PA catheters are
placed in the pulmonary circulation via the right side of the heart, making this procedure an
invasive technique. The invasive nature of the technique has led to development of a large
number of less invasive techniques, ranging from thermodilution performed with catheters
placed in the central vein and femoral artery [2] to measurements performed using finger cuffs
[3,4]. Less invasive techniques often include a number of extra assumptions and can therefore
be less accurate than using a PA catheter.

[0004] As measurement of CO can be either invasive or inaccurate and as its measurement is
only crucial in patients where circulatory status is compromised, having a method to identify
when it is necessary to measure CO would then be advantageous. The present invention
generally relates to such systems based upon simulations performed using mathematical
models of physiological processes.

[0005] Document WO 98/25514 A1 discloses a non-invasive model based estimation of
hemodynamic parameters such as cardiac output.
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Summary of the invention

[0006] Thus, an object of the present invention relates to a system and a method for assessing
the need for measurement of cardiac output.

[0007] Thus, an object of the present invention relates to a system and a method for assessing
the minimum value of cardiac output which is consistent with all other values of physiological
variables.

[0008] Another object is the provision of integration of physiological variables in a single device
for assessing the need for measurement of cardiac output and potentially also for assessing
the minimum value of cardiac output consistent with other values of physiological variables.
This device providing advice on the need for measurement of cardiac output and the minimum
value of cardiac output in one graphical display.

[0009] In a first aspect, the present invention relates to a decision support system (DSS) for
providing medical decision support for cardiac output (CO) measurements in connection with
an associated patient using one or more physiological models (MOD1) implemented on a
computer system, the computer system being arranged for:

e receiving first data (D1) indicative of a relative arterial oxygenation, such as SaO2, or
SpO2, in the blood of the patient;

* receiving second data (D2) indicative of a haemoglobin concentration, such as Hb, in the
blood of the patient;

« optionally, receiving third data (D3) indicative of an oxygen partial pressure in the arterial
blood, such as PaO2, of the patient; and

« optionally, receiving fourth data (D4) indicative of a rate of oxygen consumption, such as
VO, of the patient;

the decision support system being arranged for:

« applying the physiological model(s) (MOD1) of the patient using said first data (D1), said
second data (D2), optionally said third data (D3) and optionally said fourth data (D4) for
modelling a tissue metabolism in the patient;

A)

1. i. outputting from said physiological model (MOD1), using a preliminary value for
the cardiac output (CO_PREL), an estimated measure indicative of the
haemoglobin oxygen saturation in the mixed venous blood of the patient
(SvO2_EST); and

2. ii. performing a first comparison (COMP1) of said estimated measure indicative of
the haemoglobin oxygen saturation in the mixed venous blood of the patient
(SvO2_EST) with a reference value for the haemoglobin oxygen saturation in the
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mixed venous blood of the patient (SvO2_REF);
and/or B)

iii. outputting from said physiological model (MOD1), using a reference value for the
haemoglobin oxygen saturation in the mixed venous blood of the patient (SvO2_REF),
an estimated value indicative of the cardiac output (CO_EST) in the patient; and

iv. performing a second comparison (COMP2) of said estimated value indicative for the
cardiac output (CO_EST) with a reference value for the cardiac output (CO_REF) in
patient; and

» based on said first comparison (COMP1, ii) and/or said second comparison (COMP2, iv)
generating a measure (NM_CO) indicative of the need for an improved measurement
and/or estimation of the cardiac output (CO).

[0010] The decision support system may comprise a computer system or any means for
performing the steps in the present disclosure. In one embodiment, the computer system is
arranged for receiving first data (D1) indicative of a relative arterial oxygenation and second
data (D2) indicative of a haemoglobin concentration, but not necessarily third and fourth data
(D3 and D4). In this embodiment, the computer system is correspondingly further arranged for
applying the physiological model(s) (MOD1) of the patient using the first data (D1) and second
data (D2), but necessarily the third and fourth data (D3 and D4), for modelling the tissue
metabolism in the patient.

[0011] In another embodiment, the computer system is arranged for receiving first data (D1)
indicative of a relative arterial oxygenation, second data (D2) indicative of a haemoglobin
concentration, and fourth data (D4) indicative of a rate of oxygen consumption, but not
necessarily third data (D3). In this embodiment, the computer system is correspondingly
further arranged for applying the physiological model(s) (MOD1) of the patient using the first
data (D1), the second data (D2) and the fourth data (D4), but necessarily the third data (D3),
for modelling the tissue metabolism in the patient.

[0012] In another embodiment, the computer system is arranged for receiving all four
abovementioned data (D1, D2, D3, D4). In this embodiment, the computer system is
correspondingly further arranged for applying the physiological model(s) (MOD1) of the patient
using the first data (D1), the second data (D2), the third data (D3) and the fourth data (D4) for
modelling the tissue metabolism.

[0013] The decision support system (preferably comprising a computer system) may be further
arranged for applying the physiological model(s) (MOD1) of the patient using said first data
(D1), said second data (D2), optionally said third data (D3) and optionally said fourth data (D4)
for modelling a tissue metabolism in the patient, thereby outputting an estimated measure
indicative of the haemoglobin oxygen saturation in the mixed venous blood of the patient
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(SvO2_EST) or an estimated value indicative of the cardiac output (CO_EST) in the patient, by
executing a number of steps according to a group A of steps or a group B of steps. As
indicated above, group A comprises the steps of

1. i. outputting from the physiological model(s) (MOD1), using a preliminary value for the
cardiac output (CO_PREL), an estimated measure indicative of the haemoglobin oxygen
saturation in the mixed venous blood of the patient (SvO2_EST); and

2.ii. performing a first comparison (COMP1) of said estimated measure indicative of the
haemoglobin oxygen saturation in the mixed venous blood of the patient (SvO2_EST)
with a reference value for the haemoglobin oxygen saturation in the mixed venous blood
of the patient (SvO2_REF).

[0014] A second group of steps, group B, comprises the steps of:

ii. outputting from said physiological model (MOD1), using a reference value for the
haemoglobin oxygen saturation in the mixed venous blood of the patient (SvO2_REF), an
estimated value indicative of the cardiac output (CO_EST) in the patient; and

iv. performing a second comparison (COMP2) of said estimated value indicative for the cardiac
output (CO_EST) with a reference value for the cardiac output (CO_REF) in patient.

[0015] Accordingly, the step of generating a measure (NM_CO) indicative of the need for an
improved measurement and/or estimation of the cardiac output (CO) may be based on either
the first comparison (COMP1 of ii in A) or the second comparison (COMP2 of iv in B), or both A
and B. When both groups of steps are performed, the step of generating a measure (NM_CO)
indicative of the need for an improved measurement and/or estimation of the cardiac output
(CO) may be based on both the first comparison (COMP1 of ii in A) and the second
comparison (COMP2 of iv in B).

[0016] In one embodiment, the decision support system (DSS) provides medical decision
support for cardiac output (CO) measurements in connection with an associated patient using
one or more physiological models (MOD1) implemented on a computer system, the computer
system being arranged for:

» receiving first data (D1) indicative of a relative arterial oxygenation, such as SaO2, or
SpO2, in the blood of the patient,

» receiving second data (D2) indicative of a haemoglobin concentration, such as Hb, in the
blood of the patient,

o optionally, receiving third data (D3) indicative of an oxygen partial pressure in the arterial
blood, such as PaO2, of the patient, and

« receiving fourth data (D4) indicative of a rate of oxygen consumption, such as V0o, of the

patient,
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the computer system being arranged for:

» applying a physiological model (MOD1) of the patient using said first (D1), second (D2),
optionally third (D3) and fourth data (D4) for modelling the tissue metabolism in the
patient,

1. i. outputting from said physiological model (MOD1), using a preliminary value for
the cardiac output (CO_PREL), an estimated measure indicative of the
haemoglobin oxygen saturation in the mixed venous blood of the patient
(SvO2_EST), and

2. ii. performing a first comparison (COMP1) of said estimated measure indicative of
the haemoglobin oxygen saturation in the mixed venous blood of the patient
(SvO2_EST) with a reference value for the haemoglobin oxygen saturation in the
mixed venous blood of the patient (SvO2_REF),

and/or

iii. outputting from said physiological model (MOD1), using a reference value for the
haemoglobin oxygen saturation in the mixed venous blood of the patient (SvO2_REF),
an estimated value indicative of the cardiac output (CO_EST) in the patient, and

iv. performing a second comparison (COMP2) of said estimated value indicative for the
cardiac output (CO_EST) with a reference value for the cardiac output (CO_REF) in
patient, and

* based on said first comparison (COMP1, ii) and/or said second comparison (COMP2, iv)
generating a measure (NM_CO) indicative of the need for an improved measurement
and/or estimation of the cardiac output (CO).

[0017] The principle of the invention presented here is that model simulated values of mixed
venous oxygen saturation can be advantageously used to assess the need for measurement
of cardiac output and to assess the minimum value of cardiac output which is consistent with all
other measured or simulated values. This is beneficial in evaluating the patient state and
targeting measurement of cardiac output to clinical situations where standard approximation is
not possible.

[0018] Thus, a system is presented where mathematical model simulations of mixed venous
arterial oxygen saturation are made depending upon mathematically based physiological
models and measurements including rate of oxygen consumption and an approximation of
cardiac output. Depending upon the value of mixed venous oxygen saturation calculated,
conclusions may be drawn as to the accuracy of the estimation of cardiac output, and
consequently the need for a measurement of this value. In addition, conclusions can be drawn
as to the minimum value of cardiac output which is consistent with the values of other
physiological variables.



DK/EP 3243152 T3

[0019] It should be noted that one, a plurality, or all of the first (D1), second (D2), third (D3),
and fourth data (D4) could be measured, alternatively estimated, or more alternatively be
based on model data obtained from other physiological models, cf. embodiment of Figure 3. In
one particular case, previously obtained measured data could be applied as best estimates for
the data. Blood data values will normally be assumed to be for whole blood, unless otherwise
stated.

[0020] It should also be noted that haemoglobin oxygen saturation in the mixed venous blood
of the patient (SvO2_EST) may be equivalent to the oxygen concentration, if most of the
oxygen is bound to haemoglobin.

[0021] In one embodiment, the said preliminary value for the cardiac output (CO_PREL) may
be a value representative for the specific patient (P1), preferably dependent on age, gender,
weight, and/or one, or more, clinical conditions having an impact on the cardiac output (CO),
e.g. a standard or modified lock-up table (LUT) may be provided for the purpose.

[0022] Advantageously, said first comparison (COMP1) may comprises an evaluation of
whether or not the said estimated measure indicative of the haemoglobin oxygen saturation in
the mixed venous blood of the specific patient (SvO2_EST) is physiologically possible, e.g. is
above, equal to, or below some known limit or reference value of the measure, and more
preferably said first comparison (COMP1) comprises an evaluation of whether or not the said
estimated measure indicative of the haemoglobin oxygen saturation in the mixed venous blood
of the patient (SvO2_EST) is physiologically probable in view of the age, gender, weight,
and/or one, or more, clinical conditions having an impact on the cardiac output (CO), and/or on
the received fourth data (D4, VO,), e.g. a statistical method or computation may be applied for

such as an evaluation.

[0023] In another embodiment, the said reference value for the haemoglobin oxygen
saturation in the mixed venous blood of the patient (SvO2_REF, iii) may be a minimum value,
preferably of 40% or 60%, more preferably 50% as is presently known to the skilled person as
a reasonable minimum value for this value.

[0024] Preferably, the said reference value for the haemoglobin oxygen saturation in the mixed
venous blood of the specific patient (SvO2_REF, iii) may be a value dependent on age, gender,
weight, and/or one, or more, clinical conditions having an impact on the cardiac output (CO),
and/or on the received fourth data (D4, VO,). Even more preferably, said second comparison

(COMP2) may comprise an evaluation of whether or not said estimated value indicative for the
cardiac output (CO_EST) of the specific patient is physiologically possible, e.g. is above, equal
to, or below some known limits and more preferably said second comparison (COMP2)
comprises an evaluation of whether or not the said estimated value indicative for the cardiac
output (CO_EST) is physiologically probable in view of the age, gender, weight, and/or one, or
more, clinical conditions having an impact on the estimated cardiac output (CO_EST), e.g. a
statistical method or computation may be applied for such as an evaluation.
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[0025] Advantageously, said measure (NM_CO) indicative of the need for an improved
measurement and/or estimation of the cardiac output (CO) may be a quantitative measure,
preferably a number indicating the need for an improved measurement and/or estimation of
the cardiac output (CO), or a qualitative measure. The need for improved measurement may
particularly be relevant for clinically purposes where the CO value is used in connection with a
diagnostic application in mind i.e. for performing a diagnosis, though the present invention is
not intended for a method for performing a diagnosis as such, but assisting a clinician with
reliable assessment of need for an improved CO value, though the CO value itself may
possibly be used as input in connection with performing a diagnosis of a patient.

[0026] In some embodiments, the first data (D1) and/or the third data (D3) may be based -
wholly or partly - on a second physiological model (MOD2) of the acid-base system of the
blood of the patient and/or of the interstitial fluid of the patient, cf. reference [8] for further
information about such physiological models. In particular, the second physiological model
(MOD2) may receive data from a third physiological model (MOD3) of the pulmonary gas
exchange, the third physiological model (MOD3) further receiving data from ventilation
measurements of the patient.

[0027] In other embodiments, the first data (D1), second data (D2), the third data (D3) and/or
the third data (D4) may additionally be -wholly or partly - based on, or more, physiological
models representing respiratory drive of patient and/or the lung mechanics of the patient.

[0028] In a second aspect, the present invention relates to a medical monitoring system
capable of providing medical decision support for cardiac output (CO) measurements in
connection with an associated patient using one or more physiological models (MOD1)
implemented on a computer system (10), the computer system (10) being arranged for:

e providing first data (D1) indicative of a relative arterial oxygenation, such as SaO2 or
Sp02, in the blood of the patient, preferably by corresponding first measurement means
(M1);

» providing second data (D2) indicative of a haemoglobin concentration, such as Hb, in the
blood of the patient, preferably by corresponding second measurement means (M2);

» optionally providing third data (D3) indicative of an oxygen partial pressure in the arterial
blood, such as Pa0O2, of the patient, preferably by corresponding third measurement
means (M3); and

» optionally providing fourth data (D4) indicative of a rate of oxygen consumption, such as
VO,, of the patient, preferably by corresponding fourth measurement means (M4);

the medical monitoring system being arranged for:

» applying the physiological model (MOD1) of the patient using said first (D1), second
(D2), optionally third (D3) and fourth data (D4) for modelling the tissue metabolism in the
patient;

A)
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1. i. outputting from said physiological model (MOD1), using a preliminary value for
the cardiac output (CO_PREL), an estimated measure indicative of the
haemoglobin oxygen saturation in the mixed venous blood of the patient
(SvO2_EST); and

2. ii. performing a first comparison (COMP1) of said estimated measure indicative of
the haemoglobin oxygen saturation in the mixed venous blood of the patient
(SvO2_EST) with a reference value for the haemoglobin oxygen saturation in the
mixed venous blood of the patient (SvO2_REF);

and/or B)

iii. outputting from said physiological model (MOD1), using a reference value for the
haemoglobin oxygen saturation in the mixed venous blood of the patient (SvO2_REF),
an estimated value indicative of the cardiac output (CO_EST) in the patient; and

iv. performing a second comparison (COMP2) of said estimated value indicative for the
cardiac output (CO_EST) with a reference value for the cardiac output (CO_REF) in
patient; and

* based on said first comparison (COMP1, ii) and/or said second comparison (COMP2, iv)
generating a measure (NM_CO) indicative of the need for an improved measurement
and/or estimation of the cardiac output (CO).

[0029] The medical monitoring system shall be construed as being implementable applying the
details of the above decision support system (DSS) for providing medical decision support for
cardiac output (CO) measurements in connection with an associated patient using one or more
physiological models (MOD1) implemented on a computer system, including the disclosed
combinations of groups A and B and the generation of a measure (NM_CO) indicative of the
need for an improved measurement based on either the first comparison (COMP1 of ii in A) or
the second comparison (COMP2 of iv in B) or both (COMP1, COMP2) as explained in relation
to the decision support system (DSS).

[0030] In a third aspect, the present invention relates to a method for providing medical
decision support for cardiac output (CO) measurements in connection with an associated
patient using one or more physiological models (MOD1) implemented on a computer system,
the computer system being arranged for:

» receiving first data (D1) indicative of a relative arterial oxygenation, such as SaO2 or
SpO2, in the blood of the patient,

» receiving second data (D2) indicative of a haemoglobin concentration, such as Hb, in the
blood of the patient,

» optionally receiving third data (D3) indicative of an oxygen partial pressure in the arterial
blood, such as PaO2, of the patient, and

s receiving fourth data (D4) indicative of a rate of oxygen consumption, such as VO,, of
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the patient,
the method comprising the steps of:

» applying a physiological model (MOD1) of the patient using said first (D1), second (D2),
optionally third (D3) and fourth data (D4) for modelling the tissue metabolism in the
patient,

1. i. outputting from said physiological model (MOD1), using a preliminary value for
the cardiac output (CO_PREL), an estimated measure indicative of the
haemoglobin oxygen saturation in the mixed venous blood of the patient
(SvO2_EST), and

2. ii. performing a first comparison (COMP1) of said estimated measure indicative of
the haemoglobin oxygen saturation in the mixed venous blood of the patient
(SvO2_EST) with a reference value for the haemoglobin oxygen saturation in the
mixed venous blood of the patient (SvO2_REF),

and/or

iii. outputting from said physiological model (MOD1), using a reference value for the
haemoglobin oxygen saturation in the mixed venous blood of the patient (SvO2_REF),
an estimated value indicative of the cardiac output (CO_EST) in the patient, and

iv. performing a second comparison (COMP2) of said estimated value indicative for the
cardiac output (CO_EST) with a reference value for the cardiac output (CO_REF) in
patient, and

¢ generating a measure (NM_CO) indicative of the need for an improved measurement
and/or estimation of the cardiac output (CO) based on said first comparison (COMP1, ii)
and/or said second comparison (COMP2, iv).

[0031] The method may be carried out by means of a computer having processing means.
The method may be performed according to the disclosed details apply the above details for
providing medical decision support for cardiac output (CO) measurements in connection with
an associated patient using one or more physiological models (MOD1) implemented on a
computer system, including the disclosed combinations of groups A and B and the generation
of a measure (NM_CO) indicative of the need for an improved measurement based on either
the first comparison (COMP1 of ii in A) or the second comparison (COMP2 of iv in B) or both
(COMP1, COMP2) as explained in relation to the decision support system (DSS).

[0032] When receiving first, second, third and/or fourth data in connection with the above
method according to third aspect of the invention, it should be noted that the data could be
provided from previously obtained samples and the method does not necessarily include the
step(s) of obtaining the samples as such.

[0033] In a fourth aspect, the present invention relates to a computer program product being



DK/EP 3243152 T3

adapted to enable a computer system comprising at least one computer having data storage
means in connection therewith to implement the method according to the third aspect or
according to the steps and combinations disclosed in relation to the decision support system
and medical monitoring system.

[0034] This aspect of the invention is particularly, but not exclusively, advantageous in that the
present invention may be accomplished by a computer program product enabling a computer
system to carry out the operations of the systems of the first and second aspect of the
invention when down- or uploaded into the computer system. Such a computer program
product may be provided on any kind of computer readable medium, or through a network.

[0035] The individual aspects of the present invention may each be combined with any of the
other aspects. These and other aspects of the invention will be apparent from the following
description with reference to the described embodiments.

Brief description of the figures

[0036] The method according to the invention will now be described in more detail with regard
to the accompanying figures. The figures show one way of implementing the present invention
and is not to be construed as being limiting to other possible embodiments falling within the
scope of the attached claim set.

FIG. 1 is a schematic drawing of a medical monitoring system comprising a decision support
system according to the present invention,

FIG. 2 is a diagram illustrating a possible simple model which could represent an embodiment
of the invention,

FIG. 3 is a diagram illustrating a possible more complex model which could represent an
embodiment of the invention,

FIG. 4 shows an example of use of the method where no advice is provided to measure CO or
for a minimum value of CO consistent with values of other physiological variables,

FIG. 5 shows A) an example of use of the method where advice is provided to measure CO;
and B) an example of the calculation of a minimum value of CO consistent with values of other
physiological variables, and

FIG. 6 shows a flow chart of the method according to the invention.

Detailed description of the invention
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[0037] FIG. 1 is a schematic drawing of a medical monitoring system 100 comprising a
decision support system DSS according to the present invention. The decision support system
DSS provides medical decision support for cardiac output (CO) measurements in connection
with an associated patient P,1 using a physiological models MOD1 implemented on a computer
system 10.

[0038] The computer system is arranged for i.e. computationally capable of and instructed to:

* receiving first data D1 indicative of a relative arterial oxygenation, such as from
measurement means M1, e.g. Sa02 or SpO2, in the blood of the patient,

» receiving second data D2 indicative of a haemoglobin concentration, such as from
second measurement means M2, e.g. Hb, in the blood of the patient,

» optionally receiving third data D3 indicative of an oxygen partial pressure in the arterial
blood, such as from third measurement means M3, e.g. Pa02, of the patient, and

» receiving fourth data D4 indicative of a rate of oxygen consumption, such as from fourth
measurement means M4, e.g. VO,, of the patient,

the computer system being arranged for:

» applying a physiological model MOD1 of the patient using said first D1, second D2,
optionally third D3 and fourth data D4 for modelling the tissue metabolism in the patient,
1. i. outputting from said physiological model MOD1 - using a preliminary value for
the cardiac output CO_PREL, e.g. from a lock-up table - an estimated measure
indicative of the haemoglobin oxygen saturation in the mixed venous blood of the
patient SvO2_EST, and
2. ii. performing a first comparison COMP1 of said estimated measure indicative of
the haemoglobin oxygen saturation in the mixed venous blood of the patient
SvO2_EST with a reference value for the haemoglobin oxygen saturation in the
mixed venous blood of the patient SvO2_REF.

[0039] Additionally or alternatively, the computer is arranged for:

ii. outputting from said physiological model MOD1, using a reference value for the
haemoglobin oxygen saturation in the mixed venous blood of the patient SvO2_ REF, an
estimated value indicative of the cardiac output CO_EST in the patient, and

iv. performing a second comparison COMP2 of said estimated value indicative for the cardiac
output CO_EST with a reference value for the cardiac output CO_REF in patient, and

[0040] Finally, based on said first comparison COMP1 from step /i and/or said second
comparison COMP2 from step iv there is generated a measure NM_CO indicative of the need
for an improved measurement and/or estimation of the cardiac output (CO), e.g. a number
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indicating the need, or an outputting on a general user interface GUIl a message like 'Other CO
measurement/estimate needed' etc.

[0041] The invention comprises a method to assess the need for measurement of cardiac
output and to assess the minimum value of cardiac output which consistent with other values of
physiological variables. The principle of this invention is as follows. Model simulated or
measured values of arterial blood oxygenation and acid-base status are used, along with
measured tissue oxygen consumption and an estimated value of CO, to calculate mixed
venous oxygen saturation (SvOj). If arterial oxygen levels are low or tissue oxygen

consumption levels are high, then the simulated SvO, values will be low. Typically, values of
SvO, or PvO, below a minimum, say 50%, can be considered non-physiological [5]. This is due

to the fact that the body typically responds to low venous oxygenation by constricting the veins,
increasing flow of blood to the heart and hence increasing CO [5]. A model simulated SvO, <

50% probably therefore indicates an under estimation of CO, and that a measured value of CO
may be useful in interpreting the patient. In addition, if a SvO, value of 50%, or a different

arbitrary value, is considered the lowest possible value for SvO,, then it is possible to calculate
the minimum value of cardiac output which is consistent with a SvO, of 50%. For some patients

the clinician may regard this as sufficient without the need for measuring CO.

[0042] This principle can be exemplified, both in terms of the models required to perform these
calculations, and with examples of clinical situations where the invention may or may not result
in suggestion of CO measurement or minimum values of CO.

Examples of models required for the invention

[0043] Figure 2 illustrates an example of a small subset of physiological models MOD1 which
could be used in the method. It comprises a model component describing tissue metabolism of
oxygen which enables prediction of mixed venous oxygen saturation (SvO,). This prediction

can be performed using a reformulation of the well-known Fick equation to calculate oxygen
concentration in the venous blood (CvO»), i.e.

Cv0, = Ca0, — X2 M

co

[0044] This equation calculates CvO- from the difference between the concentration of oxygen

in the arterial blood (CaO,) and the ratio of oxygen consumption (VO5) and CO.

[0045] Following calculation of CvOs it is possible to calculate SvO5, using numerical solution of
the relationship between concentration (CvO,), partial pressure (PvO,) and saturation (SvO»),

i.e. equation 2, and a mathematical representation of the oxygen dissociation curve, equation
3, which relates PvO, and SvO,. For the latter, implementations of this are available in the

literature [6].
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CﬁOZ = aoz P]}Oz + 51_702 Hb (2)

S50, = ODC (P50, pHB, PHCO,) )

[0046] In equation 2 apy represents the solubility of oxygen in blood and Hb the haemoglobin

concentration of blood. In equation 3, ODC represents a mathematical function of the oxygen
dissociation curve, pHv is the mixed venous pH, and PvCO, is the mixed venous partial

pressure of carbon dioxide. pHv, and PvCO, can be either set to normal values or calculated

for the specific patient from arterial acid-base status, measurement of tissue production of
carbon dioxide (VCO,), and a mathematical model of the acid-base status of venous blood [7].

[0047] As oxygen is poorly soluble in blood, a simplification of the above process is possible if
aopp PvOs is assumed to be zero. In this situation equation 3 is not required and SvO, can be

calculated directly from CvOo using equation 2.

[0048] To solve equations 1-3 require measurement, calculation or estimation of the values of
several variables. Arterial oxygen concentration can be calculated from values of arterial
oxygen saturation (SaO,) and arterial oxygen partial pressure PaO» using an equation

analogous to equation 2 for venous blood, i.e.
CQOZ = aoz Pa02 + Sa02 Hb (4)

[0049] This requires measurement, calculation or estimation of PaO,, SaO, and Hb. Hb can be
obtained from laboratory values for the patient or from a blood gas analysis. PaO, and SaO»

can be obtained from a blood gas analysis, i.e. the blood analysis apparatus may constitute
third measurement means M3 and first measurement means M1 as schematically indicated in
Figure 1, or they can be simulated using other mathematical models. Figure 3 illustrates a
chain of previously published mathematical models which may be used to simulate arterial
values of PaO; and SaO; (8). These models enable prediction of PaO, and SaO, values on
changing patient state or ventilation [8]. Figure 3 therefore represents an extended set of
models which may also be used to exemplify the invention. These are exemplified in figure 3
with models of pulmonary gas exchange and blood acid-base chemistry, but may include
mathematical representation of any physiological system required to simulate the variables
necessary to calculate SvO,.

[0050] In addition as oxygen is poorly soluble in blood, if app PaO, is assumed to be zero then
measurement of PaOs is not required. The measurement of SaO, could be simplified by using
a non-invasive value of SaO; obtained from a pulse oximeter (SpOy), which may be

considered as a particular embodiment of first measurement means M1 in Figure 1.

[0051] VO, can be measured at the mouth using indirect calorimetry systems [9] measuring

both O, concentration and gas flow in respiratory gasses, i.e. being embodiments of the fourth
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measurement means M4 as schematically shown in Figure 1. Alternatively measurement of
carbon dioxide production (VCO,) could be performed at the mouth using volumetric
capnography, and VO, calculated using VCO, and an estimate for respiratory exchange ratio

(RER) or respiratory quotient (RQ).

[0052] The remaining input to calculate SvO5 in equations 1-3 is CO. As the purpose of this
invention is to determine when a measurement of CO is necessary then one assume no
measurement of CO is available. Indeed an available measurement would render the method
redundant. An estimate of CO is therefore part of the method. CO can be estimated from
standard formulae calculating an average CO depending upon a patient's ideal body weight as
shown previously (10). This typically requires input of only the patient's gender and height. Any
similar method for estimating CO can be applied, including estimating CO to the normal value
(5 I/min) for all patients.

[0053] Following calculation of SvO, as described above, the following steps are performed.

[0054] The calculated SvO, value is compared against a reference value, with this reference

value being that assumed to be the lowest physiologically possible. Any value can be applied,
but in the examples used here a value of 50% is used. If the calculated value of SvO, is below

the reference value then one or both of the following steps can be performed

1. 1) It is indicated that the estimated value of CO is incorrect or that it may be beneficial to
measure a value

2.2) A minimum value of CO consistent with values of other physiological values is
calculated. This is done by resolving equation 2 to calculate a CvO, consistent with SvO,

equal to the minimum (e.g. 50%), and then solving equation 1 for CO using the previous
values of CaO, and VO, plus the value of CvOs calculated at the minimum SvO».

Examples of use of the invention

Example 1: A situation where no advice is provided to measure CO or for a minimum
value of CO.

[0055] Figure 4 illustrates a situation where no advice or minimum CO calculation would be
performed. Normal values of arterial oxygenation and Hb - obtained via model simulation,
estimation or measurement - combined with a normal value of CO and VO,, lead to simulation

of a normal value of SvO, = 78%. There is no reason to believe that this calculation represents

a poor estimate of CO, the value of SvO, being above the minimum, and the method would
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neither prompt for a measured value of CO nor provide a minimum estimated value.

Example 2: A situation where advice is provided to measure CO and a minimum value of
CO is calculated.

[0056] Figure 5 illustrates a situation where advice to measure CO and/or a minimum CO
calculation would be performed. Normal values of arterial oxygenation are input along with a
value of Hb that is less than half of normal. Hb values reduced to these levels are common in
patients who have received substantial fluid infusions. These are combined with a normal
estimate of CO but a value of VO, twice that normal. Such values of VO, are consistent with
increased metabolism due to muscle activity, fever or other causes. As illustrated in figure 5A,
these values lead to simulation of an unphysiological value of SvO, = 15%, which is unlikely to
be true being below the minimum value. This points to a poor estimate of CO and would
therefore result in the method indicating this to the clinician and providing advice to consider
measuring CO. In addition, and as illustrated in figure 5B, a minimum value of SvO,
approximated here as 50% could be entered into the equations. This would then result in a
minimum value of CO of 8.9 I/min to be consistent with a SvO, value of 50% or higher. This
values could be accepted by the clinician if they felt it reasonable eliminating the need for CO
measurement.

[0057] The overall principle of the method is then that calculation of SvO, from an estimate of
CO, values of other variables and physiological models, can indicate whether the estimate of
CO is physiologically reasonable, and if not this information can be used to a) provide advice to
consider measurement of CO and/or b) provide a minimum values of CO which is consistent
with the values of all other physiological variables.

[0058] The invention thus relates to a method for evaluating the current estimate of CO and
providing advice on the need to measure CO.

[0059] The invention also relates to a method for calculating a minimum value of CO that is
consistent with other values of variables input into a physiological model.

[0060] The invention comprises measuring, estimating or simulating one or more of the
following variables as use as input to the calculation of SvO,: Arterial oxygen saturation (Sa0,)

as an example of first data D1, blood haemoglobin concentration (Hb) as an example of
second data D2, arterial oxygen partial pressure (PaOy) as an example of third data D3, and

tissue oxygen consumption (VO,) as an example of fourth data D4.

[0061] The invention in all aspects further comprises estimating a value of CO for calculating
SVOZ.



DK/EP 3243152 T3

[0062] The invention in all aspects further comprises analysis of these data in terms of
mathematical models to calculate SvO,.

[0063] The invention in all aspects further comprises analysis of these data with a minimum
value of SvO, in terms of mathematical models to calculate a minimum CO.

[0064] The invention in all aspects may also comprise the use of one or more mathematical
physiological models of pulmonary gas exchange and blood acid-base chemistry to calculate
either arterial oxygenation (SaOy, PaO,, Ca0») or to calculate SvO».

[0065] Advantageously, the level of arterial oxygenation may be provided by measurement of
arterial blood oxygen and acid-base status, by non-invasive pulse oximetry measurement
(SpOy), by mathematical model simulation, or other equivalent measures available to the

skilled person.

[0066] Advantageously, the level tissue oxygen consumption (VO,) may be provided by
measurements of oxygen fraction in respiratory gas (FEO,,PEQO,), along with measurement of

flow in the respiratory gas, or other equivalent measures available to the skilled person, cf.
Figure 3. These equivalent measures may include measurement of the level of tissue carbon
dioxide production (VCO,) from measurements of carbon dioxide fraction in respiratory gas

(FEC,PECO,), along with measurement of flow in the respiratory gas.

[0067] FIG. 6 shows a flow chart of the method according to the invention. The method
provides medical decision support for cardiac output (CO) measurements in connection with an
associated patient P,1 using a physiological model MOD1 implemented on a computer system
10,

the computer system being arranged for S1:

e receiving first data D1 indicative of a relative arterial oxygenation, such as SaO2 or
SpO2, in the blood of the patient,

» receiving second data D2 indicative of a haemoglobin concentration, such as Hb, in the
blood of the patient,

» optionally receiving third data D3 indicative of an oxygen partial pressure in the arterial
blood, such as PaO2, of the patient, and

e receiving fourth data D4 indicative of a rate of oxygen consumption, such as VOs, of the

patient,
the method comprising:

e S2 applying a physiological model MOD1 of the patient using said first D1, second D2,
optionally third D3 and fourth data D4 for modelling the tissue metabolism in the patient.
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[0068] In one variant (left branch A in Figure 6):

1. i. 83 outputting from said physiological model (MOD1), using a preliminary value for the
cardiac output (CO_PREL), an estimated measure indicative of the haemoglobin oxygen
saturation in the mixed venous blood of the patient (SvO2_EST), and

2. ii. 84 performing a first comparison (COMP1) of said estimated measure indicative of the
haemoglobin oxygen saturation in the mixed venous blood of the patient (SvO2_EST)
with a reference value for the haemoglobin oxygen saturation in the mixed venous blood
of the patient (SvO2_REF),

and/or in another variant (right branch B in Figure 6):

ii. 85 outputting from said physiological model (MOD1), using a reference value for the
haemoglobin oxygen saturation in the mixed venous blood of the patient (SvO2_REF), an
estimated value indicative of the cardiac output (CO_EST) in the patient, and

iv. 86 performing a second comparison (COMP2) of said estimated value indicative for the
cardiac output (CO_EST) with a reference value for the cardiac output (CO_REF) in patient,
and

S7 generating a measure (NM_CO) indicative of the need for an improved measurement
and/or estimation of the cardiac output (CO) based on said first comparison (COMP1, ii) and/or
said second comparison (COMP2, iv).

[0069] The present invention may be beneficially applied when the individual is a normal
person, a person under mechanical ventilation in general, including both invasive and
non/invasive mechanical ventilation. In addition the invention may be beneficially applied when
the patient is under continuous hemodynamic monitoring either using invasive catheter
measurements or non-invasive measurements such as an inflated cuff on the arm or finger.
The invention may be beneficially applied when the patient presents with, or is monitored for,
circulatory abnormalities such as sepsis, heart failure or other diseases or conditions which
may cause circulatory abnormalities.

[0070] 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 processors and/or digital signal processors.

[0071] The individual elements of an embodiment of the invention may be physically,
functionally and logically 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.

[0072] 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 defined by the accompanying claim set. In the
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context of the claims, the terms "comprising” or "comprises" do not exclude other possible
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 and abbreviations 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
possibly 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.

[0073] It should be noted that embodiments and features described in the context of one of the
aspects of the present invention also apply to the other aspects of the invention.

Glossary

[0074]

CO

Blood flow leaving the heart per minute, cardiac output.
Sv0O,/Sv02

Haemoglobin oxygen saturation in the mixed venous blood.
CV02

Oxygen concentration in the mixed venous blood.
C802

Oxygen concentration in the arterial blood.
VO,

Oxygen consumption in the tissues, or oxygen flow from the blood to the tissues.
PV02

Partial pressure of oxygen in the mixed venous blood.
ao2

The solubility coefficient for oxygen in blood.
Hb

Haemoglobin concentration in the blood.
OoDC

Mathematical formulation of the oxygen dissociation curve of blood.
PvOy

Partial pressure of oxygen in the mixed venous blood.
pHv

pH value in the mixed venous blood.
PvCO-

Partial pressure of carbon dioxide in the blood.
pHv

pH value in the mixed venous blood.
VCO,
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Carbon dioxide production in the tissues, or carbon dioxide flow from the blood to the
tissues.

8802
Haemoglobin oxygen saturation in the arterial blood.

P802
Partial pressure of oxygen in the arterial blood.

Sp02
Haemoglobin oxygen saturation in the arterial blood approximated by peripheral
oxygenation saturation measured using a pulse oximeter.

RER
The respiratory quotient when measured using indirect calorimetry from respiratory
gasses.

RQ
The ratio between VCO5 and VO,

FEO,

The fraction of oxygen in the expiratory gas
PEO,

The partial pressure of oxygen in the expiratory gas
FECO9

The fraction of carbon dioxide in the expiratory gas
PECO,

The partial pressure of carbon dioxide in the expiratory gas
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PATENTKRAV

1. Beslutningssupportsystem (DSS) til at yde medicinsk beslutningssupport til malinger
af kardialt output (CO) i forbindelse med en tilknyttet patient (P,1) ved hjalp af én eller
flere fysiologiske modeller (MOD1), som er implementeret pa et computersystem (10),

hvor computersystemet er indrettet til at:

- modtage fgrste data (D1), der indikerer en relativ arteriel oxygenering (SaO2,
SpO2) i patientens blod;

- modtage andre data (D2), der indikerer en haamoglobinkoncentration (Hb) i

patientens blod;
idet beslutningssupportsystemet er indrettet til at:

- anvende den eller de fysiologiske modeller (MOD1) for patienten under an-
vendelse af de fgrste data (D1) og de andre data (D2) til modellering af en

vaevsmetabolisme i patienten;
A)

i. outputte fra den eller de fysiologiske modeller (MOD1) under anvendelse af
en forelgbig veerdi for et kardialt output (CO_PREL), idet den forelgbige vaerdi
er en veerdi, der er reprasentativ for en specifik patient (P,1) athaengigt af al-
der, kan, vaegt og/eller én eller flere kliniske tilstande, der har indvirkning pa det
kardiale output (CO), et estimeret mal, der indikerer haamoglobinoxygenmaet-

ning i patientens blandede vengse blod (SvO2_EST); og

ii. udfgre en farste sammenligning (COMP1) af det estimerede mal, der indike-
rer haemoglobinoxygenmaetningen i patientens blandede vengse blod
(SvO2_EST), med en referencevaerdi for haemoglobin-oxygenmaetningen i pati-
entens blandede vengse blod (SvO2_REF);

og/eller B)

iii. outputte fra den eller de fysiologiske modeller (MOD1) under anvendelse af
en referencevaerdi for haamoglobinoxygenmeetningen i patientens blandede ve-

ngse blod (SvO2_REF), idet referenceveerdien er en veaerdi afhaengigt af alder,
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kan, veegt og/eller én eller flere kliniske tilstande, der har indvirkning pa det
kardiale output (CO), en estimeret vaerdi, der indikerer det kardiale output
(CO_EST) i patienten; og

iv. udfgre en anden sammenligning (COMP2) af den estimerede veerdi, der in-
dikerer det kardiale output (CO_EST), med en referenceveerdi for det kardiale
output (CO_REF) i patienten, hvor CO_REF er en minimumsveerdi af CO, der
er i overensstemmelse med de fagrste data (D1) og de andre data (D2) af den

eller de fysiologiske modeller (MOD1); og

- baseret pa den fgrste sammenligning (COMPA1, trin ii i A), hvilken sammenlig-
ning (COMP1) omfatter en evaluering, der indikerer, om SvO2_EST er fysiolo-
gisk muligt eller fysiologisk sandsynligt set i betragtning af alder, kan, veegt
og/eller én eller flere kliniske tilstande, der har indvirkning pa det kardiale output
(CO), og/eller den anden sammenligning (COMP2, trin iv i B), der genererer et
mal (NM_CO), der indikerer behovet for en forbedret maling og/eller estimering
af det kardiale output (CO).

2. Beslutningssupportsystem (DSS) ifalge krav 1, hvor computersystemet (10) yderlige-
re er indrettet til at modtage tredje data (D3), der indikerer et oxygenpartialtryk i patien-
tens (1) arterielle blod (PaO2), og/eller yderligere er indrettet til at modtage fjerde data

(D4), der indikerer en oxygenforbrugsrate (VO-) af patienten.

3. Beslutningssupportsystem (DSS) ifglge krav 2, der yderligere er indrettet til at an-
vende den eller de fysiologiske modeller (MOD1) for patienten under anvendelse af de
tredje data (D3) og/eller de fierde data (D4) til modellering af veevsmetabolismen i pati-

enten.

4. Beslutningssupportsystem (DSS) ifelge et hvilket som helst af de foregaende krav,
hvor referenceveerdien for heemoglobinoxygenmaetningen i patientens blandede veng-

se blod (SvO2_REF, iii) er en minimumsvaerdi, fortrinsvis pa 40% eller 60%.

5. Beslutningssupportsystem (DSS) ifalge et hvilket som helst af de foregaende krav,
hvor naevnte mal (NM_CO), der indikerer behovet for en forbedret maling og/eller esti-
mering af det kardiale output (CO), er et kvantitativt mal, fortrinsvis et tal, der indikerer

behovet for en forbedret maling og/eller estimering af det kardiale output (CO), eller et
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kvalitativt mal.

6. Beslutningssupportsystem (DSS) ifalge et hvilket som helst af de foregaende krav,
hvor de farste data (D1) og/eller de tredje data (D3) er helt eller delvist baseret pa en
anden fysiologisk model (MODZ2) af syre-base-systemet af patientens blod og/eller pa-

tientens interstitielle vaeske.

7. Beslutningssupportsystem (DSS) ifglge krav 6, hvor den anden fysiologiske model
(MOD2) modtager data fra en tredje fysiologisk model (MOD3) af den pulmonale gas-
udveksling, idet den tredje fysiologiske model (MOD3) modtager data fra ventilations-

malinger af patienten (P).

8. Beslutningssupportsystem (DSS) ifalge et hvilket som helst af de foregaende krav,
hvor de fgrste data (D1), de andre data (D2), de tredje data (D3) og/eller de tredje data
(D4) desuden er baseret - helt eller delvist - pa én eller flere fysiologiske modeller, der

repraesenterer patientens respiratoriske drive og/eller patientens lungemekanik.

9. Medicinsk overvagningssystem (100), der er i stand til at tilvejebringe medicinsk be-
slutningssupport for malinger af kardialt output (CO) i forbindelse med en tilknyttet pati-
ent (P,1) under anvendelse af én eller flere fysiologiske modeller (MOD1), som er im-

plementeret pa et computersystem (10), hvilket computersystem (10) er indrettet til at:

- tilvejebringe farste data (D1), der indikerer en relativ arteriel oxygenering
(Sa02, Sp02) i patientens blod, fortrinsvis ved hjeelp af tilsvarende forste ma-

leorganer (M1);

- tilvejebringe andre data (D2), der indikerer en heemoglobinkoncentration (Hb) i

patientens blod, fortrinsvis ved hjaelp af tilsvarende andre méleorganer (M2);

idet det medicinske overvagningssystem (100) er indrettet til at:

- anvende den eller de fysiologiske modeller (MOD1) for patienten under an-
vendelse af de fgrste data (D1) og de andre data (D2) til modellering af en

veevsmetabolisme i patienten;

A)
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i. outputte fra den fysiologiske model (MOD1) under anvendelse af en forelgbig

veerdi for det kardiale output (CO_PREL), idet den forelgbige vaerdi er en veerdi,
som er repraesentativ for en specifik patient (P,1) afhaengigt af alder, kan, veegt

og/eller én eller flere kliniske tilstande, der har indvirkning pa det kardiale output
(CO), et estimeret mal, der indikerer haemoglobinoxygenmeetningen i patientens
blandede vengse blod (SvO2_EST); og

ii. udfere en farste sammenligning (COMP1) af det estimerede mal, der indike-
rer haemoglobinoxygenmeetningen i patientens blandede vengse blod
(SvO2_EST), med en referencevaerdi for haemoglobinoxygenmeetningen i pati-
entens blandede vengse blod (SvO2_REF),

og/eller B)

iii. outputte fra den fysiologiske model (MOD1) under anvendelse af en referen-
ceveerdi for haamoglobinoxygenmaetningen i patientens blandede vengse blod
(SvO2_REF), idet referenceveerdien er en veerdi afhaengigt af alder, kan, veegt
ogl/eller én eller flere kliniske tilstande, der har indvirkning pa det kardiale output
(CO), en estimeret veerdi, der indikerer det kardiale output (CO_EST) i patien-

ten; og

iv. udfgre en anden sammenligning (COMP2) af den estimerede veerdi, der in-
dikerer det kardiale output (CO_EST), med en referenceveerdi for det kardiale
output (CO_REF) i patienten, hvor CO_REF er en minimumsveerdi af CO, der
er i overensstemmelse med de fagrste data (D1) og de andre data (D2) af den

eller de fysiologiske modeller (MOD1); og

- baseret pa den farste sammenligning (COMPA1, trin ii i A), hvilken sammenlig-
ning (COMP1) omfatter en evaluering, der indikerer, om SvO2_EST er fysiolo-
gisk muligt eller fysiologisk sandsynligt set i betragtning af alder, kan, veegt
ogl/eller én eller flere kliniske tilstande, der har indvirkning pa det kardiale output
(CO), og/eller den anden sammenligning (COMP2, trin iv i B), der genererer et
mal (NM_CO), der indikerer behovet for en forbedret maling og/eller estimering
af det kardiale output (CO).

10. Medicinsk overvagningssystem (100) ifelge krav 9, hvor computersystemet (10)

yderligere er indrettet til at tilvejebringe tredje data (D3), der indikerer et oxygenpartial-
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tryk i patientens (1) arterielle blod (PaO2), fortrinsvis ved hjaelp af tilsvarende tredje
maleorganer (M3), og/eller yderligere er indrettet til at tilvejebringe fijerde data (D4), der
indikerer en oxygenforbrugsrate (VO.) af patienten, fortrinsvis ved hjeelp af tilsvarende

fierde maleorganer (M4).

11. Medicinsk overvagningssystem (100) ifelge krav 10, der yderligere er indrettet til at
anvende den eller de fysiologiske modeller (MOD1) for patienten under anvendelse af
de tredje data (D3) og/eller de fierde data (D4) til modellering af veevsmetabolismen i

patienten.

12. Fremgangsmade til tilvejebringelse af medicinsk beslutningssupport for malinger af
kardialt output (CO) i forbindelse med en patient (P,1) under anvendelse af én eller
flere fysiologiske modeller (MOD1), der er implementeret pa et computersystem (10),

hvilket computersystem (10) er indrettet til at:

- modtage fgrste data (D1), der indikerer en relativ arteriel oxygenering (Sa0O2,
SpO2) i patientens blod;

- modtage andre data (D2), der indikerer en haamoglobinkoncentration (Hb) i

patientens blod;
hvilken fremgangsmade omfatter trinnene:

- anvende den eller de fysiologiske modeller (MOD1) for patienten under an-
vendelse af de farste data (D1) og de andre data (D2) til modellering af en

vaevsmetabolisme i patienten;
A)

i. outputte fra den fysiologiske model (MOD1) under anvendelse af en forelgbig
veerdi for det kardiale output (CO_PREL), idet den forelgbige vaerdi er en veerdi,
som er repraesentativ for en specifik patient (P,1) afhaengigt af alder, kan, veegt
og/eller én eller flere kliniske tilstande, der har indvirkning pa det kardiale output
(CO), et estimeret mal, der indikerer haemoglobinoxygenmeetningen i patientens
blandede vengse blod (SvO2_EST); og
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ii. udfere en farste sammenligning (COMP1) af det estimerede mal, der indike-
rer haemoglobinoxygenmeetningen i patientens blandede vengse blod
(SvO2_EST), med en referencevaerdi for haemoglobinoxygenmeetningen i pati-
entens blandede vengse blod (SvO2_REF);

og/eller B)

iii. outputte fra den fysiologiske model (MOD1) under anvendelse af en referen-
ceveerdi for haamoglobinoxygenmaetningen i patientens blandede vengse blod
(SvO2_REF), idet referenceveerdien er en veerdi afhaengigt af alder, kan, veegt
og/eller én eller flere kliniske tilstande, der har indvirkning pa det kardiale output
(CO), en estimeret veerdi, der indikerer det kardiale output (CO_EST) i patien-

ten; og

iv. udfgre en anden sammenligning (COMP2) af den estimerede veerdi, der in-
dikerer det kardiale output (CO_EST), med en referenceveerdi for det kardiale
output (CO_REF) i patienten, hvor CO_REF er en minimumsveerdi af CO, der
er i overensstemmelse med de fgrste data (D1) og de andre data (D2) af den

eller de fysiologiske modeller (MOD1); og

- generere et mal (NM_CO), der indikerer behovet for en forbedret maling
og/eller estimering af det kardiale output (CO) baseret pa den farste sammen-
ligning (COMP1, trin ii i A), hvilken sammenligning (COMP1) omfatter en evalu-
ering, der indikerer, om SvO2_EST er fysiologisk muligt eller fysiologisk sand-
synligt set i betragtning af alder, kan, vaegt og/eller én eller flere kliniske tilstan-
de, der har indvirkning pa det kardiale output (CO), og/eller den anden sam-
menligning (COMP2, trin iv af B).

13. Fremgangsmade ifalge krav 12, hvor computersystemet (10) yderligere er indrettet
til at modtage tredje data (D3), der indikerer et oxygenpartialtryk i patientens (1) arteri-
elle blod (Pa02), og/eller yderligere er indrettet til at modtage fjerde data (D4), der indi-

kerer en oxygenforbrugsrate (VO,) af patienten.

14. Fremgangsmade ifelge krav 13, der yderligere omfatter et trin med at anvende den
eller de fysiologiske modeller (MOD1) for patienten under anvendelse af de tredje data

(D3) ogl/eller de fijerde data (D4) til modellering af veevsmetabolismen i patienten.
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15. Computerprogramprodukt, som er indrettet til at gare det muligt for et computer-
system, som omfatter mindst én computer, der har datalagringsorganer i forbindelse

dermed, at implementere fremgangsmaden ifalge et hvilket som helst af kravene 12-

14.
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