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INTELLIGENT MEDICAL MONITORING OF
A PATIENT

FIELD OF THE INVENTION

[0001] The present invention relates to a coniputer system
and a corresponding method for medical monitoring of a
patient, wherein mathematical models are used to provide
suggestions for the causes of changes in measured values
from the patient or even identify worsening of the patient in
the presence or absence of changes in the measured values
from the patient.

BACKGROUND OF THE INVENTION

[0002] Patients with severe acute illness, often requiring
mechanical support for ventilation, usually reside in the
intensive care unit (ICU) of the hospital. Here they are
intensively monitored using a range of machines which
measure physiological variables related to vital functions.
These include measurement of the oxygenation and acid-
base status of the blood, circulation, metabolism, respiratory
function ete.

[0003] These measurements are interpreted by the clini-
cian who then assesses the state of the patient and deter-
mines whether a change in therapeutic intervention is nec-
essary. The measurement instruments can, in some
instances, support the clinician in this interpretation through
the use of alarms. For example, reduction in arterial oxy-
genation beyond a certain level e.g. 90% which is usually
monitored by a pulse oximeter finger clip, can cause an
alarm. The same is true of a reduction in blood pressure in
the measurement of circulation, or an increase in inspiratory
pressure in the measurement of pulmonary function and
numerous similar alarms.

[0004] Common amongst them is that these alarms are
based upon the variation in a single measured variable
characterizing a single physiological system and often from
the single device on which the measurement was taken.
[0005] A further type of alarm present in the ICU is that
due to sensor detachment or equipment failure. Patients can
often be restless and these alarms are therefore necessary
and common in, for example, the situation where a pulse
oximeter detaches from the patients finger. However, the
detachment itself of such a sensor can be difficult to distin-
guishing from a change in physiological state of the patient.
[0006] US patent application 2007/0000494 (invented by
Michael J. Banner et al., assigned to University of Florida
Research Foundation) discloses a ventilator monitoring sys-
tem and a method of using same. The invention described
and shown in the specification and drawings include a
system and method for monitoring the ventilation support
provided by a ventilator that is supplying a breathing gas to
a patient via a breathing circuit that is in fluid communica-
tion with the lungs of the patient. To solve the problem of
appropriate adjustments of the ventilation support and
advice to clinician in that respect, a neural network adapted
for learning from earlier patient data is further described.
After so-called training of the neural network implemented
on a processor, it may be applied for recommendations of
ventilation support settings to a clinician being faced with
the task of adjusting ventilation settings. However, the
described system also fails to provide more intelligent
information behind any deviations or abnormalities
observed during mechanical ventilation of a patient.
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[0007] Hence, an improved monitoring method would be
advantageous, and in particular a more efficient and/or
reliable method would be advantageous.

OBIJECT OF THE INVENTION

[0008] It is a further object of the present invention to
provide an alternative to the prior art. In particular, it may be
seen as an object of the present invention to provide a
computer system and a corresponding method that solves the
above mentioned problems of the prior art with monitoring
of patients, particular patients in intensive care units (ICUs).

SUMMARY OF THE INVENTION

[0009] The prior art alarm strategies, based upon single
measurements or sensor detachment, are intended to aid in
monitoring the patient. However, these strategies may have
drawbacks.

[0010] Firstly, alarms based on single measurement vari-
ables are a poor help in aiding the clinician in understanding
the deeper cause of the problem. For example, a decrease in
oxygenation of arterial blood can be due to numerous
causes. The patient may have become active or developed a
fever, in which case metabolic demand may have increased.
The patient’s lung function may have deteriorated such that
oxygen transports less freely from the lungs to blood, or it
may just be the case that the clinician has inadvertently
reduced inspired oxygen to a level where arterial values are
compromised. Measurements and alarms indicating reduced
arterial oxygenation are therefore useful but are not the
complete picture.

[0011] Secondly, current monitoring and alarm strategies
do not direct the clinician as to the requirement for further
measurement. For example, an increase in carbon dioxide
levels in expiratory gas, can indicate increased metabolic
production of CO2, a reduced respiration, or a change in the
acid-base status of the blood.

[0012] Furthermore, clinicians may get stressed by the
vast number of settings, physiological parameters, screens,
and the relationship between these values and their impact
on therapeutic decisions in relation to conflicting goals.
Stress and lack of overview can lead to errors in an ICU [1].
[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 computer system for medical
monitoring of a patient using one or more physiological
models implemented on the computer system, the system
being arranged for:

[0014] providing first data indicative of characteristics
in the inspired gas of the patient to the computer
system,

[0015] providing second data indicative of characteris-
tics in the respiratory feedback in expired gas of the
patient to the computer system, and

[0016] providing third data indicative of the acid/base
status and oxygenation level in the blood of the patient
to the computer system,

[0017] the computer system being arranged for:

[0018] i. performing a mathematical physiological
modelling of the patient using said first, second and
third data as a function of time, wherein the one or more
physiological models being capable of modelling the
patient over time by outputting a plurality of corre-
sponding physiological parameters derivable from said
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first, said second and said third data describing the

functioning of at least two organ systems and/or physi-

ological systems simultaneous,
[0019] ii. performing a monitoring process wherein

[0020] if one, or more, of the physiological param-
eters have a deviation compared to a related thresh-
old level, the computer system outputs:

[0021] an indication of the one or more organ
systems, and/or one or more physiological sys-
tems causing said deviation;

[0022] and optionally, an alarm signal ;

[0023] and/or
[0024] if one or more of the data values have a deviation
compared to a related threshold level, the computer
system outputs:

[0025] an indication of one or more organ systems,
and/or one or more physiological systems and/or one
or more non-physiological systems causing said
deviation;

[0026] optionally, an alarm signal.

[0027] Thus, the computer system of the invention pro-
vides an indication for the underlying cause for a change in
a measured value from a patient. Furthermore, the computer
system is also able to provide an indication of underlying
physiological changes of the patient in a case where the data
values are still inside threshold ranges. This may allow the
clinician to take action even before measured values have
changed.

[0028] In the context of the present invention, the physi-
ological parameters being the result of the modelling may be
obtained by fitting the models to the said data. The fitting
may be performed numerically and/or analytically. The
fitting may be performed continuously, regularly, or at
user-defined intervals, possibly in a combination of these
time regimes of fitting.

[0029] It is to be understood that the indication of the one
or more organ systems, and/or one or more physiological
systems and/or one or more non-physiological systems
causing said deviation may be one possible cause, or a
plurality of possible causes for the deviation. It is further to
be understood that computer system may be arranged for
further weighting a probability of a certain cause before
outputting the possible cause to a user, e.g. a clinician. In
some cases, the actual probability for a cause is unknown
(but above zero), and the possible causes may then all be
outputted and listed to a user. Thus, if below a certain
probability the cause may be not be outputted to a user.
Alternatively or additionally, the cause may be prioritized
according their associated probabilities.

[0030] It may be mentioned that—in the context of the
present invention—the said indications are intended for
assisting or guiding e.g. clinician in making decisions of a
therapeutic and/or a diagnostic character. Thus, the present
invention is not designed to perform an actual diagnosis,
merely providing intelligent information, i.e. indications that
may assist the clinician in performing the subsequent step of
making the intellectual exercise of providing a diagnosis of
the patient state, the diagnosis may then be followed be an
action of therapeutic character, if needed.

[0031] In the context of the present invention, the patient
may be a mammal, such as a human, a monkey, a horse, a
rodent, etc,

[0032] As mentioned above, a change in a data signal to a
level above or below a predetermined threshold level may
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have different causes, making it difficult for the clinician to
make the optimal choice in relation to treatment. Table 1
below list a number of non-exclusive examples of both
physiological and non-physiological causes for a change in
a data signal.

TABLE 1

Possible causes of changes in data

Data signal Physiologic Non-physiologic

SpO2 low Lung abnormality,
Metabolism increase
Lung abnormality,
Metabolism increase,
reduced respiratory
drive, respiratory
muscle fatigue
Mean arterial ~ Low circulatory volume, sensor malfunction
blood pressure  high pulmonary
low pressures, heart

function abnormalities

sensor malfunction, Inspired
oxygen low

sensor malfunction, Reduced
ventilation volume

FetCO2 high

Positive Poor lung mechanics sensor malfunction, Increase
inspiratory in mechanical ventilation.
pressure high
Blood Base Kidney bicarbonate Blood gas measurement error.
excess change reabsorption, Anaerobic

metabolism,

ketoacidosis

[0033] Thus, in an embodiment of the invention the
observed deviation is a SpO2 level below a threshold level
and
[0034] the indication of a physiological cause is
selected from the group consisting of lung abnormality
and metabolism increase; and/or
[0035] the indication of a non-physiological cause is
selected from the group consisting of a sensor malfunc-
tion and a low level of inspired oxygen.
[0036] In another embodiment of the invention the
observed deviation is a FetCO2 level above a threshold level
and
[0037] the indication of a physiological cause is
selected from the group consisting of lung abnormality,
metabolism increase, reduced respiratory drive and
respiratory muscle fatigue; and/or
[0038] the indication of a non-physiological cause is
selected from the group consisting of a sensor malfunc-
tion and reduced ventilation volume.
[0039] In yet another embodiment of the invention the
observed deviation is a mean arterial blood pressure below
a threshold level and
[0040] the indication of a physiological cause is
selected from the group consisting of low circulatory
volume, high pulmonary pressures, and heart function
abnormalities; and/or
[0041] the indication of a non-physiological cause is a
sensor malfunction.
[0042] Inyet an embodiment of the invention the observed
deviation is a positive inspiratory pressure above a threshold
level
[0043] and the indication of a physiological cause is
poor lung mechanics; and/or
[0044] the indication of a non-physiological cause is
selected from the group consisting of a sensor malfunc-
tion and a low level of inspired oxygen and increase in
mechanical ventilation.
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[0045] The indication may be based on different values.
Thus, in an embodiment the indication of one or more organ
systems, one or more physiological systems and/or non-
physiological systems causing said deviation is based on
[0046] current values of other physiological parameters
and/or current data values; and/or
[0047] previous values of the deviating physiological
parameter and/or previous values of the data values.
[0048] The computer system of the invention may employ
further data input. Thus, in yet an embodiment the computer
system is further arranged for
[0049] providing fourth data indicative of characteris-
tics of the blood circulation, such as cardiac output;
and/or
[0050] providing fifth data indicative of characteristics
of heart function, such as blood pressure; and/or
[0051] providing sixth data indicative of characteristics
of kidney function, such as renal perfusion or bicar-
bonate reabsorbtion.
[0052] The term “organ systems” covers different organs
of the patient. In an embodiment the one or more organ
systems are chosen from the group consisting of lungs,
blood, heart, kidney and tissues.
[0053] The term “physiological systems” covers different
physiological systems of the patient. Thus, in a further
embodiment the one or more physiological systems are
chosen from the non-exhaustive group consisting of metabo-
lism, circulation, respiration and renal function and used in
a modelling of the patient, i.e. physiological modelling over
time It is to be understood that the modelling over time may
particularly include the possibility of predicting or estimat-
ing one, or more, parameters at a later time.
[0054] Physiological Model:
[0055] In the present context the term “physiological
model” should be understood as the broadest sense of
applied physiological models, the term physiological model
here covering any means for linking clinically measurable
values mathematically and for the individual patient, that is,
that any parameters that needs tuning for the model to
describe the individual patient’s physiology should be pos-
sible to estimate from clinical measurements. In its simplest
form such a physiological model can be a linear model of the
equation y 32 a*x with a being the parameter of the model
and y and x being clinical measureable values such as the
link between pressure (x) and volume (y) with lung com-
pliance (a) linking the two (Volume=Pressure*Compliance).
The more complex end of the range include a model
encompassing all chemical reaction equations of the buffer
systems of human blood with parameters such as rate
constants which may be assumed equal for all individuals
but with for example Base Excess that should be tuned to the
individual patient [2]. The invention may require physi-
ological models of lung mechanics, gas exchange, blood
acid-base status, respiratory drive, heart function, kidney
function, and/or blood circulation in general.
[0056] Lung Mechanics
[0057] A physiological model of lung mechanics links
flows, volumes and or pressures which may be measured at
the mouth, in the oesophagus, at the ventilator, in the
ventilator tube, in the airways etc. More complex physi-
ological models may describe the resistances of the respi-
ratory system and the individual elastic characteristics of the
alveoli, the lung tissue, the diaphragm, the surfactant, the
chest wall, the airways, etc. In control modes, identification
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of the overall characteristics of the respiratory system such
as compliance is straightforward and is routinely measured
by the ventilator. In support mode, the volumes inspired and
expired by the patient not only depend on lung mechanics
and ventilator settings, but also patient respiratory work.
Simple models of lung mechanics in support ventilation may
therefore describe an effective compliance, which is the
combined pressure volume relationship of ventilator and
patient work.

[0058]

[0059] A physiological model of gas exchange links mea-
surements of contents of inspired and expired gases to
measured contents of these gases in blood (arterial, venous,
mixed venous or capillary blood). Often this is mathemati-
cally implemented as a set of equations describing the
exchange of one, or more, respiratory gases (oxygen, carbon
dioxide, nitrogen) or inert gases added to the inspired gas
(such as xenon, krypton, nitric oxide, methane etc.) across
the alveolar membrane to capillary blood in one or more
compartments and the mixing of the blood leaving these
compartments with shunted venous blood to constitute the
arterial blood, the latter which is often sampled and analysed
in the clinical settings. Venous or mixed venous blood may
also be sampled in the clinical setting and can also be
described by a model by including equations with patient
metabolism and blood flow in the model. Estimation of
model parameters for gas exchange models, in particular for
models with one or more of the aforementioned compart-
ments, requires either invasive measurements such as a
mixed venous blood sample from the pulmonary artery or
that the gas contents of inspired gas is modified in one or
more steps with the patient response to these changes
measured continuously and/or at steady state this making it
possible to separate the contributions of one or more mecha-
nisms for gas exchange problems these in the model repre-
sented by parameters such as intrapulmonary shunt, venti-
lation/perfusion ratio etc. Gas exchange models often
encompass a model of blood acid base status and the binding
and transport of respiratory gases in blood.

Gas Exchange

[0060] Blood Acid-Base and Oxygen and Carbon Dioxide
Transport
[0061] A model of blood acid-base status and/or oxygen

and/or carbon dioxide transport describes either empirically
or by reaction equations some or all of the chemical reac-
tions occurring in blood for chemical buffering and binding
of gases to haemoglobin. The models may be in so-called
steady state describing the reaction equations at equilibrium
or dynamical describing the reactions over time. As such, the
models link values of blood acid base that can be measured
routinely at the bedside (such as oxygen and carbon dioxide
pressures and pH) to values not easily obtained (such as base
excess, concentrations of buffers, concentrations of respira-
tory gases etc.).

[0062]

[0063] A physiological parameter should in this context be
understood as a value describing the characteristics of a
physiological system and can be assumed constant for
changes in some clinical variables and/or ventilator settings.
For example, pulmonary shunt describes the fraction of
blood flow to the lungs not reaching ventilated alveoli
representing the most important gas exchange problem in
mechanically ventilated patients. Pulmonary shunt is known

Physiological Parameters:
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to remain constant for variation in a number of clinical
variables and ventilator settings such as respiratory fre-
quency and tidal volume.

[0064] Below are listed, in an illustrative, non-limiting and
non-exhaustively manner, some physiological parameters
suitable for application in the present invention:

[0065] Lung mechanics parameters include lung compli-
ance, respiratory resistances, respiratory system elastance,
effective shunt, compliances and resistances of individual
components of the respiratory system (alveoli, airways,
chest wall, diaphragm, surfactant).

[0066] Gas exchange parameters include but is not limited
to pulmonary shunt, venous admixture, effective shunt,
Ventilation/perfusion (V/Q) ratio, degree of low V/Q, degree
of high V/Q, APO2, APCO2, Arterial-end tidal O2 differ-
ence, Arterial-end tidal CO2 difference, anatomical dead
space, alveolar dead space, physiological dead space, end-
expiratory lung volume, functional residual capacity etc.
[0067] Blood acid-base parameters include but is not
limited to base excess (BE), strong iron difference (SID),
haemoglobin concentration, blood volume, rate constants
for chemical reactions etc. This includes examples of third
data (D3) according to the present invention.

[0068] The computer system of the invention may also
comprise certain simulations. Thus, in another embodiment
the computer system is arranged for, optionally when no
physiological parameters have a deviation compared to a
related physiological threshold: —performing a simulation
of the patient state by keeping constant one or more, possible
every, physiological parameters from the modelling and
simulating the time development of the patient state. In yet
an embodiment said simulation comprises a tuning process
of one, or more, model parameters at regularly intervals,
possible continuously at least with respect to the available
computational resources or frequency of data measurements.
In yet a further embodiment said simulation of the patient
state over time is applied for comparing one, or more,
physiological parameters and/or simulated physiological
values corresponding to obtainable data with actual data to
assess if the said simulation can adequately describe the
patient state now or at a later time.

[0069] Besides providing an indication of an underlying
cause for the change in measured values or physiological
parameters, the computer system may also allow for pro-
viding an indication of further tests from which values may
be used in the same models or new models to improve the
suggested indications. Thus, in an embodiment the computer
system being arranged for indicating one or more further
patient measurements which can be performed for obtaining
further data values which may improve the modelling, the
simulation and/or the provided indication. Such further test
may be tests which are usually not constantly measured/
obtained during a standard monitoring. Thus, both the type
of measurements for additional data and/or timing/fre-
quency of such data may be suggested by the computer
system. In yet an embodiment the further tests are selected
from the non-exhaustive group consisting of arterial or
venous blood gas, blood electrolyte values, blood glucose or
ketone concentration, cardiac output measurement or other
invasive measurements describing blood, circulation,
metabolism, respiration or renal function.

[0070] Situations may arise where the computer system or
the method (for some reason) is not able to describe the
patient state. Thus, in an embodiment, if said simulation
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cannot describe the patient state now or at later time, the
computer system being arranged for indicating one or more
possible causes therefore. Possible causes could be errors in
the previously measured values such that for example mea-
surement of arterial oxygenation is not consistent with
measurement of inspired oxygenation or metabolic demand.
In a situation such as this one of these measurements may be
in errot.

[0071] As previously mentioned the method or the com-
puter system may be able to give an indication in a change
in a physiological parameter without any significant change
has been measured in the data values. Thus, in an embodi-
ment no data values lies outside a threshold range, while a
change in one or more physiological parameters (organ
systems, and/or one or more physiological systems) are
indicated. This may be specifically advantageous since this
provides the clinician with a warning of a specific failure
which would not otherwise be indicated. Thus, in a similar
embodiment no data values deviates significantly from pre-
vious provided data values from said patient. Thus, the
computer system may be working even

[0072] in the absence of changes in data values.

[0073] The number of organ systems and/or physiological
systems that the computer system or the method of the
invention is able to provide indication of may vary. Thus, in
an embodiment the one or more physiological models being
capable of modelling the patient over time by outputting a
plurality of corresponding physiological parameters deriv-
able from said first, said second and said third data describ-
ing the functioning of 2-10 organ systems and/or physiologi-
cal systems simultaneous, such as 3-10, such as 5-10, such
as 2-8, such as 4-8, or such as 4-6. The number organ
systems and/or physiological systems that the computer
system of the invention is able to provide indication of
depends of the number of parameters included in the one or
more physiological models or the number of physiological
models the system comprises. Again, FIG. 2 shows
examples of different model elements.

[0074] The invention is particularly, but not exclusively,
advantageous for obtaining that monitoring and alarms may
be based upon changes in the patient’s physiological state
rather than symptomatic changes described by direct mea-
surements as hitherto. Furthermore, simulations performed
by the models may be used to identify when the patient is
poorly understood and to direct the clinician as to the
appropriate further measurements.

[0075] In asecond aspect, the present invention relates to
a method for medical monitoring of a patient using one or
more physiological models implemented on a computer
system, the method comprising:

[0076] providing first data (D1) indicative of character-
istics in the inspired gas of the patient (1) to the
computer system (2),

[0077] providing second data (D2) indicative of char-
acteristics in the respiratory feedback in expired gas of
the patient (1) to the computer system (2), and

[0078] providing third data (D3) indicative of the acid/
base status and oxygenation level in the blood of the
patient (1) to the computer system (2),

[0079] the computer system being arranged for:

[0080] 1i. performing a mathematical physiological mod-
elling of the patient using said first, second and third data as
a function of time, wherein the one or more physiological
models being capable of modelling the patient over time by
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outputting a plurality of corresponding physiological param-
eters detivable from said first, said second and said third data
describing the functioning of at least two organ systems
and/or physiological systems simultaneous,

[0081] 1ii. performing a monitoring process wherein
[0082] if one, or more, of the physiological parameters
have a deviation compared to a related threshold level, the
computer system outputs:

[0083] an indication of the one or more organ systems,
and/or one or more physiological systems causing said
deviation; and

[0084] optionally, an alarm signal,

[0085] and/or

[0086] if one or more of the data values have a deviation
compared to a related threshold level, the computer system
outputs:

[0087] an indication of one or more organ systems, and/or

one or more physiological systems and/or one or more
non-physiological systems causing said

[0088] deviation; and
[0089] optionally, an alarm signal.
[0090] In a third aspect, the present invention relates to a

computer program product being adapted to enable a com-
puter system comprising at least one computer having data
storage means in connection therewith to implement a
method according to the second aspect.

[0091] The second and/or the third aspect may be adapted
for implementation on an entity selected from the group
consisting of a mechanical ventilation monitoring system, an
intensive care monitor system, a portable computing device,
a handheld mobile device, such as a tablet, and an electronic
patient journal system, etc., as it will readily be the skilled
person once the teaching and general principle of the inven-
tion is comprehended. In separate aspects, the invention may
also relate to a mechanical ventilation monitoring system, an
intensive care monitor system, a portable computing device
or similar as such for implementing the invention.

[0092] The third 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
first 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.

[0093] 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

[0094] 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 embodi-
ments falling within the scope of the attached claim set.
[0095] FIG. 1 is a schematic drawing of a method or a
computer system according to the present invention.
[0096] FIG. 2 illustrates a set of mathematical models of
a decision support system (DSS) including the mathematical
representation of a physiological model of respiratory con-
trol.
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[0097] FIG. 3 is a schematic drawing of a method accord-
ing to the present invention.

[0098] FIG. 4A illustrates how current monitoring and
alarm approaches work, whereas FIG. 4B illustrates the
situation where physiological parameters are determined
simultaneously from the data values. Dot for SpO2 indicates
that a threshold level has been breached and dot for lungs is
indicative for a possible cause for the low SpO2 measured.
[0099] FIG. 5A illustrates how current monitoring and
alarm approaches work, whereas FIG. 5B illustrates the
situation where physiological parameters are determined
simultaneously from the data values. Dot for SpO2 indicates
that a threshold level has been breached and dot for metabo-
lism is indicative for a possible cause for the low SpO2
measured.

[0100] FIG. 6A illustrates how current monitoring and
alarm approaches work, whereas FIG. 6B illustrates the
situation where physiological parameters are determined
simultaneously from the data values. Dot for SpO2 in FIG.
6A indicates that a threshold level has been breached and the
absence of a dot in FIG. 6B indicates that no physiological
parameter is responsible for the low SpO2. Thus, a cause
may be instrument failure.

[0101] FIG. 7A illustrates how current monitoring and
alarm approaches work, whereas FIG. 7B illustrates the
situation where physiological parameters are determined
simultaneously from the data values. Although no thresholds
are breached in FIG. 7A, calculations of physiological
parameters in FIG. 7B show that for both lungs and circu-
lation thresholds levels have been breached.

[0102] FIG. 8 shows a flow-chart of the method according
to the present invention.

DETAILED DESCRIPTION OF AN
EMBODIMENT

[0103] This invention is a method/computer system for
providing intelligent monitoring, and in doing so for pro-
viding intelligent alarms and directed measurements. Key to
this invention is the application of physiological models to
integrate the available measurements, and estimate param-
eters which describe the underlying causality. Simulations
using these models can then be used to identify when
patients underlying physiology changes, i.e. when measure-
ments no longer match simulations, and as such to direct
measurement strategy.

[0104] FIG. 11isa schematic drawing of a specific embodi-
ment of the method or a computer system of the invention.
The method or computer system is for providing assistance
to a clinician by providing indications of reasons for an
alarm in relation to patient values being outside a threshold
range of an associated patient 1, P. The method comprises
that a computer system 2 receives input data D1, D2, D3
from measuring means M1, M2, M3, respectively. The
computer system is adapted to control whether the input data
are positioned within a threshold range or outside said range
for the specific value. If one or more of the values lie outside
(or deviates significantly, DEV_D) the threshold range the
system can set of an alarm 3 while also providing an
indication IND of the reason for the data value lying outside
the threshold range. Indication is calculated based on physi-
ological models MOD1, MOD2 e.g. as displayed in FIG. 2
using the one or more data values in each model. In this way
the clinician receives input to which measures must be taken
to solve the problem. The system may also give indication
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to which further measurements/analysis may be performed
on the patient to give better indication of the underlying
problem.

[0105] The situation may also arise where the input data
values D1, D2, D3 do not lie outside any threshold ranges,
but that after the input values have been used in one or more
physiologic models one (or more) of the output physiologi-
cal parameters lies outside (or deviates sigmficantly, DEV_
P) their specific threshold range. In this situation the system
may also set of an alarm 3, e.g. a visible alarm, an audio
alarm, and/or a tactile alarm, etc., and providing an indica-
tion IND of an underlying problem not detectable by only
monitoring the data values. This situation is displayed in
FIG. 7, where two changes in physiological parameters
results in that no changes in data values can be observed. In
this situation the method/computer system is also adapted
for providing the clinician with further advice on which
further tests could be performed on the patient to getter
further information which can improve the indication pro-
vided.

[0106] FIG. 2 illustrates an example of a mathematical
model (or several independent models) which might be used
in the integration of current signals for provision of intelli-
gent monitoring. The model includes components describing
the lungs (A), the oxygenation and acid-base chemistry of
the blood (B), the acid-base of cerebral spinal fluid (C),
circulation (D), tissue metabolism and buffering (E) and
respiratory drive (F). Further models which may be imple-
mented include models of pulmonary mechanics or renal
function. As such this model in FIG. 2 will be used in the
following text to exemplify the method of the invention.
[0107] An embodiment of the method of the invention is
illustrated in FIG. 3 and described in the following text.
Physiological mathematical models, such as that illustrated
in FIG. 2, often have specific variables known as parameters.
Typical to these parameters is that they are often not
measured directly, but estimated by fitting the model to
measured data (step 1, FIG. 2). Parameter values provide a
deep picture of the patients underlying physiology and are
usually fixed, normally from estimated values, when per-
forming simulations

[0108] For the model presented in FIG. 2 these include
parameters describing the lungs (A), e.g. pulmonary shunt
(A); the blood (B), e.g. base excess; CSF (C), e.g. CSF
bicarbonate level; circulation (D), e.g. cardiac output; tissue
metabolism (E), e.g. oxygen consumption or carbon dioxide
production; or respiratory drive (F), e.g central
chemoreceptor drive threshold.

[0109] For a patient presenting at the ICU it is possible to
measure continuously respiratory gasses (oxygen and car-
bon dioxide), respiratory flows and pressures, arterial oxy-
genation, blood pressures, cardiac output and tissue produc-
tion of CO2 and consumption of O2. In addition, it is usual
to measure arterial blood acid-base and oxygenation status
periodically. These measurements can be used to identify the
parameters of the models using model fitting techniques. By
doing this periodically over time (step 2, FIG. 3) the
monitoring strategy can be shifted from one of looking at the
individual measurement signals, to changes in the underly-
ing physiological systems. FIG. 4 gives an example of this
approach. FIG. 4A illustrates how current monitoring and
alarm approaches work. Each signal is displayed continu-
ously and alarms given when a single parameter is outside
a range of values considered appropriate (threshold levels)
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or if there is sensor disconnection. In this case an example
is given where oxygen saturation, measured continuously as
SpO2 falls below 90% and an alarm threshold (dot) is
passed. The signals represented in FIG. 4A may be examples
of first data D1 (e.g. PIP), second data D2 (e.g. EtCO2 and
EtO2), and third data D3 (e.g. SpO2) according to the
present invention. Blood pressure, MAP, may be an example
of fifth data D5 according to the invention.

[0110] In contrast, FIG. 4B illustrates the situation where
physiological parameters are monitored using the models of
FIG. 2 according to the present invention. Parameters are
displayed according to the organ system they represent.
When any single system or organ function changes intelli-

gent alarms can then be based upon a deeper understanding
(steps 3.4 FIG. 3).

[0111] Thus, in FIG. 4 it is possible to provide an indica-
tion to the clinician stating that the fall in SpO2 may be due
to increased shunt.

[0112] When models have been fitted to clinical data they
can then be used to perform simulations (step 5, FIG. 3).
This process can be used to perform directed measurements,
the principle of which is as follows. By fixing model
parameters the models can be used to simulate all variables.
Those measured continuously can then be compared with
mode] simulations. These may be for example those illus-
trated in FIG. 4A including arterial oxygen saturation mea-
sured with pulse oximetry, expiratory gas concentrations of
oxygen and carbon dioxide, arterial blood pressure, or
positive inspiratory pressure in the lungs or other respiratory
measurements such as flow, frequency or minute ventilation.
Differences between model simulations and measurements,
are then an indication that patient physiology has changed
and new measurements are required (step 6, FIG. 3). Thus,
it is possible to use the model to identify the need for further
measurements.

[0113] The next step is in directing the clinician to which
measurements (step 7, FIG. 3). For example, an increase in
expired CO2 can be due to an increase in metabolism or a
reduction in alveolar ventilation. Measurement of VCO2
will explain the metabolic component, through the model. A
reduction in alveolar ventilation can be explained by a
reduced respiratory drive or a change in acid-base status.
Measurement of acid-base status requires arterial blood
sampling so that the clinician could be directed toward this
measurement. If the expiratory CO, levels do not match the
arterial blood gas then this suggests a change in pulmonary
gas exchange which would direct the clinician to measure-
ments aiding in understanding pulmonary function. A dif-
ferent example of directed measurement would be a
decrease in expiratory O,. This can be due to increase in
oxygen consumption or a change in pulmonary gas
exchange. Measurement of oxygen consumption (VO2)
would enable distinction between these two and measure-
ment of pulse oximetry SpO2 would indicate whether expi-
ratory O2 levels input in the model simulated arterial oxygen
levels. If not then the user can be directed to measure arterial
blood oxygen levels should with a blood sample to confirm
that these match SpQ.,, if not then a measure of pulmonary
gas exchange is necessary. This directed measurement is
only possible through combination of several models, and
model] simulation to identify when measurements do not
match simulations and as such what further measurements
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are required to understand the patient. New measurements
would then require model re-fitting and restart the cycle
shown in FIG. 4.

[0114] FIG. 5 is an example wherein the same change in
SpO2 has taken place as shown in FIG. 4, but where the
cause for the drop in SpO2 is different; in this case an
increase in metabolism.

[0115] FIG. 6 illustrates the situation where there can be
change in patient data without apparent physiological
change. SpO2 appears to reduce but without an increasing
physiological problem. This can, for example be due to
sensor miss-placement or failure.

[0116] FIG. 7 illustrates the situation where there is no
change in data but with two changes in physiological effect
which can cancel each other out. An increasing pulmonary
shunt in the lungs would reduce oxygen levels in the blood.
However, if present with either a decreased use of oxygen in
the tissue (i.e. reduction in VO2) or increased inspiratory
oxygen, then no change would be seen in the oxygenation of
the blood. Thus, if only standard monitoring of direct data
input was used, the clinician would get no warning from the
monitoring system that the patient health was worsening. By
employing the method of the invention the clinician would
get a warning that both lungs and metabolism were getting
outside preferred threshold levels/ranges.

[0117] FIG. 8 is a flow-chart of a method according to the
present invention for medical monitoring of a patient P using
one or more physiological models, MOD1 and/or MOD2,
implemented on a computer system 2, the method compris-
ing:

[0118] Sla providing first data D1 indicative of charac-
teristics in the inspired gas of the patient 1 to the computer
system 2,

[0119] S15 providing second data D2 indicative of char-
acteristics in the respiratory feedback in expired gas of the
patient 1 to the computer system 2, and

[0120] Slc¢ providing third data D3 indicative of the
acid/base status and oxygenation level in the blood of the
patient 1 to the computer system 2,

[0121]

[0122] S2 performing a mathematical physiological mod-
elling of the patient using said first (D1), second (D2) and
third (D3) data as a function of time, wherein the one or
more physiological models (MODI1, MOD?2) being capable
of modelling the patient over time by outputting a plurality
of corresponding physiological parameters derivable from
said first, said second and said third data describing the
functioning of at least two organ systems and/or physiologi-
cal systems simultaneous,

[0123]

[0124] S4 if one, or more, of the physiological param-

eters have a deviation DEV_P compared to a related
threshold level, the computer system outputs:

[0125] an indication IND of the one or more organ
systems, and/or one or more physiological systems
causing said deviation; and

[0126]

[0127] and/or
[0128] S5 if one or more of the data values, D1, D2, and

D3, have a deviation DEV_D, 6 compared to a related

threshold level, the computer system outputs:

the computer system being arranged for:

S3 performing a monitoring process wherein

optionally, an alarm signal 3;
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[0129] an indication IND of one or more organ sys-
tems, and/or one or more physiological systems
and/or one or more non-physiological systems caus-
ing said deviation; and

[0130] optionally, an alarm signal 3.

[0131] Glossary

[0132] FiO, Fraction of oxygen in inspired gas.

[0133] PiO, Pressure of oxygen in inspired gas.

[0134] FiCO, Fraction of carbon dioxide in inspired gas.
[0135] PiCO, Pressure of carbon dioxide in inspired gas.
[0136] SaO, Oxygen saturation of arterial blood, mea-

sured from a blood sample.

[0137] CaO, Oxygen concentration in arterial blood.
[0138] PaO, Pressure of oxygen in arterial blood, mea-
sured from a blood sample.

[0139] SpO, Oxygen saturation of arterial blood, mea-
sured transcutaneously.

[0140] EtO2/FE’Q, Fraction of oxygen in expired gas at
the end of expiration.

[0141] FEO, Fraction of oxygen in the mixed expired gas.
[0142] PE’O, Pressure of oxygen in expired gas at the end
of expiration.

[0143] PAO, Pressure of oxygen in mixed alveolar gas.
[0144] PEO, Pressure of oxygen in the mixed expired gas.
[0145] EtCO2/FE’CO,Fraction of carbon dioxide in

expired gas at the end of expiration.

[0146] FECO, Fraction of carbon dioxide in the mixed
expired gas.
[0147] PE’CO, Pressure of carbon dioxide in expired gas

at the end of expiration.
[0148] PACO, Pressure of carbon dioxide in expired gas at
the end of expiration.

[0149] PECO, Pressure of oxygen in the mixed expired
gas.
[0150] PaCO, Carbon dioxide partial pressure in arterial

blood, measured from a blood sample.

[0151] CaCO, Carbon dioxide concentration in arterial
blood.
[0152] VO, Oxygen consumption, i.e. the litres of oxygen

consumed by the tissues per minute.
[0153] VCO, Carbon dioxide production, i.e. the litres of
carbon dioxide produced by the tissues per minute.

[0154] V Ventilation.

[0155] Vit Tidal volume, i.e. volume of gas breathed per
breath.

[0156] f Respiratory frequency, i.e. number of breaths per
minute.

[0157] Vd Dead space ie. the volume of the lung not

involved in exchanging gases with the blood.

[0158] Vmin minute ventilation

[0159] Valv Alveolar ventilation

[0160] Volume (FRC)Lung volume (functional residual
capacity)

[0161] fA2 fraction of ventilation to one of the ventilated
compartments

[0162] Q Perfusion

[0163] fs/shunt fraction of blood circulation not involved
in gas exchange.

[0164] 12 fraction of non-shunt blood circulation to one of
the ventilated compartments

[0165] pHa Arterial blood pH

[0166] H+ hydrogen ion concentration
[0167] BE Base excess

[0168] HCO,* Bicarbonate concentration
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[0169] Alb Albumin concentration

[0170] NBB Non-bicarbonate buffer concentration
[0171] DPG 2,3 Diphosphoglycerate concentration
[0172] SID Strong ion difference

[0173] MAP Mean arterial blood pressure

[0174] PIP Positive inspiratory pressure

[0175] Tc, Sc, Tp

[0176] Sp, A, Po Model constants and parameters describ-

ing respiratory drive

[0177] Kw', Alb™,

[0178] Kc, K, Model constants and parameters describing
the buffering properties of CSF (Cerebral spinal fluid)
[0179] Dw, Dp, Dc Respiratory drive: wakefulness (w);
peripheral (p); and central (c)

[0180] 1 subscript for interstitial fluid
[0181] a subscript for arterial blood
[0182] v subscript for venous blood
[0183] c subscript for capillary blood
REFERENCES
[0184] 1. Arnstein F. (1997) Catalogue of human error. Br

J Anaesth. 79:645-656

[0185] 2. Rees SE and Andreassen S. Mathematical mod-
els of oxygen and carbon dioxide storage and transport: the
acid base chemistry of blood (2005). Crit Rev Biomed Eng.
33:209-264.

[0186] 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.

[0187] 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.

Embodiments
[0188] Below are listed some embodiments of the inven-
tion:
[0189] 1. A method for medical monitoring of a patient (P)

using one or more physiological models (MOD1, MOD2)
implemented on a computer system, the method comprising:

[0190] providing first data (D1) indicative of character-
istics in the inspired gas of the patient (1) to the
computer system (2),

[0191] providing second data (D2) indicative of char-
acteristics in the respiratory feedback in expired gas of
the patient (1) to the computer system (2), and

[0192] providing third data (D3) indicative of the acid/
base status and oxygenation level in the blood of the
patient (1) to the computer system (2),

[0193] the computer system being arranged for:

[0194] 1. performing a mathematical physiological
modelling of the patient using said first (D1), second
(D2) and third (D3) data as a function of time, wherein
the one or more physiological models (MOD1, MOD2)
being capable of modelling the patient over time by
outputting a plurality of corresponding physiological
parameters derivable from said first, said second and
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said third data describing the functioning of at least two
organ systems and/or physiological systems simultane-
ous,
[0195] ii. performing a monitoring process wherein
[0196] if one, or more, of the physiological parameters
have a deviation (DEV_P) compared to a related
threshold level, the computer system outputs:

[0197] an indication (IND) of the one or more organ
systems, and/or one or more physiological systems
causing said deviation; and

[0198] optionally, an alarm signal (3);

[0199] and/or
[0200] if one or more of the data values (D1, D2, D3)
have a deviation (DEV_D, 6) compared to a related
threshold level, the computer system outputs:

[0201] an indication (IND) of one or more organ
systems, and/or one or more physiological systems
and/or one or more non-physiological systems caus-
ing said deviation; and

[0202] optionally, an alarm signal (3).

[0203] 2. The method according to embodiment 1,
wherein the indication of one or more organ systems, one or
more physiological systems and/or non-physiological sys-
tems causing said deviation is based on
[0204] current values of other physiological parameters
and/or current data values; and/or
[0205] previous values of the deviating physiological
parameter and/or previous values of the data values.
[0206] 3. The method according to any of the preceding
embodiments, wherein the method further comprising
[0207] providing fourth data (D4) indicative of charac-
teristics of the blood circulation, such as cardiac output;
and/or
[0208] providing fifth data (D5) indicative of charac-
teristics of heart function, such as blood pressure;
and/or
[0209] providing sixth data (D6) indicative of charac-
teristics of kidney function, such as renal perfusion or
bicarbonate reabsorption.
[0210] 4. The method according to any of the preceding
embodiments, wherein the one or more organ systems are
chosen from the group consisting of lungs, blood, heart,
kidneys, and tissues.
[0211] 5. The method according to any of the preceding
embodiments, wherein the one or more physiological sys-
tems are chosen from the group consisting of metabolism,
circulation, renal function and respiration.
[0212] 6. The method according to embodiment 1,
wherein said modelling comprises a tuning process of one,
or more, physiological parameters at regularly time inter-
vals, preferably based on current and/or previous values of
data (D1, D2, D3)
[0213] 7. The method according to any of the preceding
embodiments, wherein the computer system is arranged for,
optionally when no physiological parameters have a devia-
tion (DEV) compared to a related physiological threshold:
[0214] performing a simulation of the patient state by
keeping constant any physiological parameters from the
modelling and simulating the time development of the
patient state.
[0215] 8. The method according to embodiment 7,
wherein said simulation of the patient state over time is
applied by comparing one, or more, physiological param-
eters and/or simulated physiological values corresponding to
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obtainable data with data (D1, D2, D3) to assess if the said
simulation can adequately describe the patient state now, or
at a later time .

[0216] 9. The method according to embodiment 8§,
wherein if said simulation cannot describe the patient state
now or at a later time, the computer system is arranged for
indicating one or more possible causes therefore.

[0217] 10. The method according to any of the preceding
embodiments, wherein the computer system being arranged
for indicating one or more further patient measurements
which can be performed for obtaining further data values
(D1, D2, D3) which may improve the said modelling, the
said simulation and/or the said indications (IND) of possible
deviations.

[0218] 11. The method according to any of the preceding
embodiments, wherein (ii) performing of a monitoring pro-
cess wherein one, or more, of the physiological parameters
have a deviation (DEV_P) compared to a related threshold
level, there are no data values (D1, D2, D3) outside a
threshold range (DEV_D).

[0219] 12. The method according to any of the preceding
embodiments, wherein the one or more physiological mod-
els (MOD1, MOD2) being capable of modelling the patient
over time by outputting a plurality of corresponding physi-
ological parameters derivable from said first, said second
and said third data describing the functioning of 2-10 organ
systems and/or physiological systems simultaneous, such as
3-10, such as 5-10, such as 2-8, such as 4-8, or such as 4-6.
[0220] 13. A computer system (2) for medical monitoring
of a patient (P) using one or more physiological models
(MOD1, MOD2) implemented on the computer system, the
system being arranged for:

[0221] receiving first data (D1) indicative of character-
istics in the inspired gas of the patient (1),

[0222] receiving second data (D2) indicative of charac-
teristics in the respiratory feedback in expired gas of
the patient (1), and

[0223] receiving third data (D3) indicative of the acid/
base status and oxygenation level in the blood of the
patient (1),

[0224] the computer system being arranged for:

[0225] 1. performing a mathematical physiological
modelling of the patient using said first (D1), second
(D2) and third (D3) data as a function of time, wherein
the one or more physiological models (MOD1, MOD2)
being capable of modelling the patient over time by
outputting a plurality of corresponding physiological
parameters derivable from said first, said second and
said third data describing the functioning of at least two
organ systems and/or physiological systems simultane-
ous,

[0226] ii. performing a monitoring process wherein

[0227] if one, or more, of the physiological parameters
have a deviation (DEV_P) compared to a related
threshold level, the computer system outputs:

[0228] an indication (IND) of the one or more organ
systems, and/or one or more physiological systems
causing said deviation; and

[0229] optionally, an alarm signal (3);

[0230] and/or

[0231] if one or more of the data values (D1, D2, D3)
have a deviation (DEV_D, 6) compared to a related
threshold level, the computer system outputs:
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[0232] an indication (IND) of one or more organ sys-
tems, and/or one or more physiological systems and/or
one or more non-physiological systems causing said
deviation; and

[0233] optionally, an alarm signal (3).

[0234] 14. A computer program product being adapted to
enable a computer system comprising at least one computer
having data storage means in connection therewith to coop-
erate a computer system according to embodiment 13.
[0235] 15. The computer program product according to
embodiment 14, being adapted for implementation on an
entity selected from the group consisting of a mechanical
ventilation monitoring system, an intensive care monitor
system, a portable computing device, a handheld mobile
device, such as a tablet, and an electronic patient journal
system.

[0236] 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
interpreted in the light of the accompanying claim set. In the
context of the claims, the terms “comprising” or “com-
prises” 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 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 advanta-
geously 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 computer system for medical monitoring of a patient
using at least one physiological model implemented on the
computer system, the computer system operable to be:

receiving first data indicative of characteristics in the
inspired gas of the patient,

receiving second data indicative of characteristics in the
respiratory feedback in expired gas of the patient, and

receiving third data indicative of the acid/base status and
oxygenation level in the blood of the patient,

the computer system further operable to be:

1. performing a mathematical physiological modelling of
the patient using said first, second and third data as a
function of time, wherein the at least one physiological
model being capable of modelling the patient over time
by outputting a plurality of corresponding physiologi-
cal parameters derivable from said first, said second
and said third data describing the functioning of at least
two organ systems and/or physiological systems simul-
taneously,

ii. performing a monitoring process wherein
if at least one of the physiological parameters have a

deviation compared to a related threshold level, the
computer system outputs
an indication of the at least one of the at least two
organ systems, and/or at least one of the at least
two physiological systems causing said deviation;
and/or
if at least one of the data values have a deviation
compared to a related threshold level, the computer
system outputs
an indication of at least one of the at least two organ
systems, and/or at least one of the at least two
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physiological systems and/or at least one non-
physiological system causing said deviation.

2. The computer system according to claim 1, wherein the
indication of the at least one of the at least two organ
systems, the at least one of the at least two physiological
systems and/or the at least one non-physiological system
causing said deviation is based on

current values of other physiological parameters and/or

current values of the data; and/or

previous values of the deviating physiological parameter

and/or previous values of the data.

3. The computer system according to claim 1, wherein the
computer system is further operable to be

providing fourth data indicative of characteristics of the

blood circulation, such as cardiac output; and/or
providing fifth data indicative of characteristics of heart
function, such as blood pressure; and/or

providing sixth data indicative of characteristics of kidney

function, such as renal perfusion or bicarbonate reab-
sorption.

4. The computer system according to claim 1, wherein the
at least one of the at least two organ systems are chosen from
the group consisting of lungs, blood, heart, kidneys, and
tissues.

5. The computer system according to claim 1, wherein the
at least one of the at least two physiological systems are
chosen from the group consisting of metabolism, circulation,
renal function and respiration.

6. The computer system according to claim 1, wherein
said modelling comprises a tuning process of at least one of
the physiological parameters at regularly time intervals,
preferably based on current and/or previous values of the
data.

7. The computer system according to claim 1, wherein the
computer system is operable to be, when no physiological
parameters have a deviation compared to a related physi-
ological threshold:

performing a simulation of the patient state by keeping

constant any physiological parameters from the mod-
elling and simulating the time development of the
patient state.

8. The computer system according to claim 7, wherein
said simulation of the patient state over time is applied by
comparing the at least one of the physiological parameters
and/or the simulated physiological values corresponding to
obtainable data with data to assess if the said simulation can
adequately describe the patient state now, or at a later time.

9. The computer system according to claim 8, wherein if
said simulation cannot describe the patient state now or at a
later time, the computer system is arranged for indicating at
least one possible cause therefore.

10. The computer system according to claim 1, wherein
the computer system being arranged for indicating at least
one further patient measurement which can be performed for
obtaining further data values which may improve the said
modelling, the said simulation and/or the said indications of
possible deviations.

11. The computer system according to claim 1, wherein
(i1) performing of a monitoring process wherein at least one,
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of the physiological parameters have a deviation compared
to a related threshold level, there are no data values outside
a threshold range.

12. The computer system according to claim 1, wherein
the at least one physiological model being capable of
modelling the patient over time by outputting a plurality of
corresponding physiological parameters derivable from said
first, said second and said third data describing the func-
tioning of 2-10 organ systems and/or physiological systems
simultaneously.

13. A method for medical monitoring of a patient using at
least one physiological model implemented on a computer
system, the method comprising:

providing first data indicative of characteristics in the
inspired gas of the patient to the computer system,

providing second data indicative of characteristics in the
respiratory feedback in expired gas of the patient to the
computer system, and

providing third data indicative of the acid/base status and
oxygenation level in the blood of the patient to the
computer system,

the computer system operable to be:

1. performing a mathematical physiological modelling of
the patient using said first, second and third data as a
function of time, wherein the at least one physiological
being capable of modelling the patient over time by
outputting a plurality of corresponding physiological
parameters derivable from said first, said second and
said third data describing the functioning of at least two
organ systems and/or physiological systems simultane-
ously,

ii. performing a monitoring process wherein
if at least one of the physiological parameters have a

deviation compared to a related threshold level, the

computer system outputs:

an indication of the at least one of the at least two
organ systems, and/or the at least one of the at
least two physiological systems causing said
deviation; and/or

if at least one of the data values have a deviation

compared to a related threshold level, the computer

system outputs:

an indication of the at least one of the at least two
organ systems, and/or the at least one of the at
least two physiological systems and/or the at least
one non-physiological systen causing said devia-
tion.

14. A computer program product being adapted to enable
a computer system comprising at least one computer having
data storage means in connection therewith to implement a
method according to claim 13.

15. The computer program product according to claim 14,
being adapted for implementation on an entity selected from
the group consisting of a mechanical ventilation monitoring
system, an intensive care monitor system, a portable com-
puting device, a handheld mobile device, such as a tablet,
and an electronic patient journal system.
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