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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to a method and apparatus for use in monitoring and identifying abnormal values of a
physiological characteristic of a subject.

BACKGROUND TO THE INVENTION

[0002] Pulmonary congestion is a clinical condition that is caused by a number of different diseases such as heart
failure or kidney disease. It consists of an accumulation of fluid in the interstitial and alveolar space of the lung following
increased blood pressure in the pulmonary capillary vessels that leads to leakage of water from the blood to the lung
space. It causes fluid retention and fluid redistribution in the body and leads to symptoms like dyspnea, fatigue, and
activity intolerance. Pulmonary congestion resulting from elevated left atrial and left ventricular filling pressures is a main
reason for heart failure hospitalization. This condition has a progressive nature and clinical signs and symptoms of
pulmonary oedema occur late, typically when the lung fluid has increased at least six-fold from the initial stage of interstitial
oedema. This means that pulmonary oedema is often not detected early, and necessary treatment for the patient is
delayed.

[0003] Bio-impedance measurements, obtained by a bio-impedance monitor (BIM) using, for example, external elec-
trodes or an implanted device to measure the resistance of biological tissue to a small alternating current flowing across
aregion of interest, e.g. the thorax, can be used to detect pulmonary congestion. The principle underlying this technique
is the fact that the electrical impedance (resistance and reactance) of biological tissue is directly linked to the hydration
and water content of the tissue, namely intra-cellular and extra-cellular water. When thoracic fluid accumulates (e.g.
during pulmonary congestion), there will be a better conductance of the current resulting in a decreased impedance. By
measuring the impedance atdifferent frequencies the resistance of the extracellular water (R,) can be estimated according
to the Cole-Cole model. Therefore, measurements of the electrical properties of the tissue can indicate the amount of
fluid present in that part of the body.

[0004] If external electrodes are used, impedance measurements are influenced by several factors including sensor
placement, skin moisture, body dimensions and body posture. It has been found that body dimensions and fat mass are
particularly relevant to thoracic impedance measurements, making such measurements subject-specific. Implantable
devices are not affected by variations in electrode placement or skin moisture; however, itis known that the measurements
made by such devices have variability due to less controlled measurement conditions (the patient may be unaware that
a measurement is being taken and so measurements may be obtained in a variety of situations which would cause
differing fluid distribution in the body, such as lying down, sitting, walking, or exercising). These factors, combined with
the normal variability of bio-impedance measurements, make it challenging to determine when an impedance measure-
ment for a specific patient is abnormal and thus indicative of excess fluid accumulation.

[0005] “"Intrathoracic Impedance Monitoring in Patients with Heart Failure" by Yu et. al., Circulation 112 (2005), 841-848
describes an algorithm that can be used to detect abnormal measurements. The algorithm estimates the baseline
impedance (BL) and the short term impedance (STA) on the basis of daily bio-impedance measurements. The baseline
acts as a reference that is not sensitive to large deviations of the new measurements. On the other hand, the STA is a
filtered estimate of the recent measurements and is more sensitive to large deviations of the measurement. The algorithm
raises a flag if the cumulative sum of the difference BL-STA exceeds a certain threshold for consecutive measurements,
where BL-STA > X. The disadvantage of the described algorithm is that it does not consider the subject-specific variability
of the impedance measurements, e.g. X is constant for each patient. As noted above, it is known that the measurement
variability is patient specific, which implies that this method is not optimal and prone to false alarms.

[0006] US 2008/0146891 describes a method of monitoring physiological status by periodically inspecting the physi-
ological status of a user, obtaining a physiological signal value, and determining whether the physiological signal value
is normal or not.

[0007] US 2006/0116596 describes a system and method for assessing T-wave alternans (TWA) using cardiac EGM
signals received from implanted electrodes.

[0008] A reliable means of fluid content monitoring would be a valuable tool to improve outcomes in heart failure
hospitalizations and reduce healthcare costs. There is therefore a need for an improved method and apparatus that can
provide a reliable determination of whether a bio-impedance measurement obtained for a given subject is abnormal for
that subject, and thus indicative of ill-health (for example indicative of excessive fluid accumulation in a part of the body
where the resistance is relatively low, or, on the other hand, indicative of dehydration of the subject where the resistance
is relatively high). Such a method and apparatus could be used in a home or hospital-based monitoring system to detect
the presence and progression of pulmonary congestion, as well as for monitoring improvements in the patient’s condition
as a result of receiving treatment. Such a method and apparatus could also be used in monitoring other physiological
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characteristics of a subject, such as weight, heart rate, blood pressure, temperature, etc., where low or alternatively high
values of the physiological characteristic indicates that the subject has (or the degree to which the subject has) a
physiological condition.

SUMMARY OF THE INVENTION

[0009] The invention is defined by independent claims 1, 7, 14 and 15.

[0010] According to a first aspect of the invention, there is provided a method for use in monitoring a physiological
characteristic of a subject, the method comprising receiving a value of the physiological characteristic of the subject;
determining whether the received physiological characteristic value is normal using a range of normal variability of the
physiological characteristic for the subject calculated using a set of previous values of the physiological characteristic
for the subject; and in the event that the received physiological characteristic value is determined to be normal, updating
the range of normal variability using the received physiological characteristic value.

[0011] Preferably, the step of updating the range of normal variability comprises adding the received physiological
characteristic value to the set of previous physiological characteristic values, and recalculating the range of normal
variability using the set of previous physiological characteristic values.

[0012] Preferably, the method further comprises the step of providing an indication that the received physiological
characteristic value is abnormal in the event that the received physiological characteristic is not determined to be normal.
[0013] In particular embodiments of the invention, the physiological characteristic is the resistance of a part of the
body of the subject, and the method further comprises the step of determining an indication of the fluid content in the
part of the subject’s body using the received resistance value in the event that itis determined that the received resistance
value is abnormal.

[0014] In preferred embodiments, the step of determining whether the received physiological characteristic value is
normal comprises comparing the physiological characteristic value to upper and lower bounds that define the range of
normal variability.

[0015] Inafirstspecific embodiment, the method is for use in monitoring for low values of the physiological characteristic
of the subject, with a low value of the physiological characteristic indicating that the subject has, or the degree to which
the subjecthas, a physiological condition wherein the step of determining whether the received physiological characteristic
value is normal further comprises if the received physiological characteristic value is below the lower bound, comparing
the number of consecutive received physiological characteristic values that are below the lower bound to a first threshold
value, N; and determining that the received physiological characteristic value is abnormal when the number of consecutive
received physiological characteristic values below the lower bound of the range of normal variability is equal to or greater
than the first threshold value; determining the received physiological characteristic value to be normal if the number of
consecutive received physiological characteristic values below the lower bound is less than the first threshold value.
[0016] In the first specific embodiment, the method can further comprise the step of, following a determination that
the received physiological characteristic value is abnormal, determining whether the number of consecutive received
physiological characteristic values that are below the lower bound is equal to the first threshold value, N, and if so,
removing one or more physiological characteristic values most recently added to the set of previous physiological
characteristic values.

[0017] Inthe first specific embodiment, the step of determining whether the received physiological characteristic value
is normal can comprise determining that the received physiological characteristic value is normal if the received physi-
ological characteristic value is above the upper bound.

[0018] In the first specific embodiment, the method can further comprise the steps of, following a determination that
the received physiological characteristic value is above the upper bound, comparing the number of consecutive received
physiological characteristic values that are above the upper bound of the range of normal variability to a second threshold
value, M; and if the number of consecutive received resistance values that are above the upper bound exceeds the
second threshold value, removing one or more of the lowest physiological characteristic values from the set of previous
physiological characteristic values.

[0019] In the first specific embodiment, the step of determining whether the received physiological characteristic value
is normal can comprise, if the received physiological characteristic value is between the upper bound and lower bound,
determining if (i) the number of consecutive physiological characteristic values between the upper bound and the lower
bound that have been received is less than or equal to a third threshold value, Z, and (ii) the number of consecutive
physiological characteristic values falling below the lower bound received immediately prior to the received consecutive
physiological characteristic values between the upper bound and the lower bound is greater than the first threshold
value, N; determining that the received physiological characteristic value is normal if one or both of (i) and (ii) are negative;
and determining that the received physiological characteristic value is abnormal if both of (i) and (ii) are positive.
[0020] In the first specific embodiment, the physiological characteristic can be the resistance of a part of the body of
the subject, and the physiological condition is excess fluid content in the part of the body of the subject.
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[0021] In a second specific embodiment, the method is for use in monitoring for high values of the physiological
characteristic of the subject, with a high value of the physiological characteristic indicating that the subject has, or the
degree to which the subject has, a physiological condition wherein the step of determining whether the received phys-
iological characteristic value is normal further comprises if the received physiological characteristic value is above the
upper bound, comparing the number of consecutive received physiological characteristic values that are above the upper
bound to a first threshold value, N; and determining that the received physiological characteristic value is abnormal when
the number of consecutive received physiological characteristic values above the upper bound of the range of normal
variability is equal to or greater than the first threshold value; determining the received physiological characteristic value
to be normal if the number of consecutive received physiological characteristics values above the upper bound is less
than the first threshold.

[0022] In the second specific embodiment, the method can further comprise the step of, following a determination that
the received physiological characteristic value is abnormal, determining whether the number of consecutive received
physiological characteristic values that are above the upper bound is equal to the first threshold value, N, and if so,
removing one or more physiological characteristic values most recently added to the set of previous physiological
characteristic values.

[0023] In the second specific embodiment, the step of determining whether the received physiological characteristic
value is normal can comprise determining that the received physiological characteristic value is normal if the received
physiological characteristic value is below the lower bound.

[0024] In the second specific embodiment, the method can further comprise the steps of, following a determination
that the received physiological characteristic value is below the lower bound, comparing the number of consecutive
received physiological characteristic values that are below the lower bound of the range of normal variability to a second
threshold value, M; and if the number of consecutive received resistance values that are below the lower bound exceeds
the second threshold value, removing one or more of the highest physiological characteristic values from the set of
previous physiological characteristic values.

[0025] In the second specific embodiment, the step of determining whether the received physiological characteristic
value is normal can comprise, if the received physiological characteristic value is between the upper bound and lower
bound, determining if (i) the number of consecutive physiological characteristic values between the upper bound and
the lower bound that have been received is less than or equal to a third threshold value, Z, and (ii) the number of
consecutive physiological characteristic values being above the upper bound received immediately prior to the received
consecutive physiological characteristic values between the upper bound and the lower bound is greater than the first
threshold value, N; determining that the received physiological characteristic value is normal if one or both of (i) and (ii)
are negative; and determining that the received physiological characteristic value is abnormal if both of (i) and (ii) are
positive.

[0026] In a second specific embodiment, the physiological characteristic can be the resistance of a part of the body
of the subject, and the physiological condition is dehydration of the subject.

[0027] In some embodiments, the upper bound and lower bound are determined from an average of the set of previous
physiological characteristic values and a measure of the variation of the set of previous physiological characteristic values.
[0028] In some embodiments, the measure of the variation is calculated from the standard deviation of the set of
previous physiological characteristic values, and maximum and minimum coefficients of variance calculated on the basis
of a training set of physiological characteristic values obtained from a plurality of other subjects who do not have abnormal
values for the physiological characteristic when the training set of physiological characteristic values is obtained, wherein
the measure of the variation comprises (i) the standard deviation of the set of previous physiological characteristic values
ifthe standard deviation is below the maximum coefficient of variance times the average of the set of previous physiological
characteristic values and above the minimum coefficient of variance times the average of the set of previous physiological
characteristic values; (ii) the product of the average of the set of previous physiological characteristic values and the
minimum coefficient of variance if the standard deviation is below the minimum coefficient of variance times the average
of the set of previous physiological characteristic values; and (iii) the product of the average of the set of previous
physiological characteristic values and the maximum coefficient of variance if the standard deviation is above the max-
imum coefficient of variance times the average of the set of previous physiological characteristic values.

[0029] In some embodiments, the upper bound is given by the sum of the average of the set of previous physiological
characteristic values and the measure of the variation, and the lower bound is given by the subtraction of the difference
between the average of the set of previous physiological characteristic values and the measure of the variation from the
average of the set of previous physiological characteristic values.

[0030] In preferred embodiments, the received physiological characteristic value is a resistance value estimated from
a measurement of the bio-impedance of the part of the subject’s body.

[0031] In further preferred embodiments, the received resistance value is the resistance of the extracellular fluid in
the part of the subject’s body.

[0032] According to a second aspect of the invention, there is provided a computer program product, comprising
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computer readable code embodied therein, the computer readable code being configured such that, on execution by a
suitable computer or processor, the computer or processor performs the method described in any preceding claim.
[0033] According to a third aspect of the invention, there is provided an apparatus for use in monitoring a physiological
characteristic of a subject, the apparatus comprising a processing unit arranged to receive a value of the physiological
characteristic of the subject; determine whether the received physiological characteristic value is normal using a range
of normal variability of the physiological characteristic for the subject calculated using a set of previous values of the
physiological characteristic for the subject; and in the event that the received value of the physiological characteristic is
determined to be normal, update the range of normal variability using the received physiological characteristic value.
[0034] Various other embodiments of the apparatus are also contemplated in which the processing unit is further
configured to execute any of the above-described method steps.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Fora better understanding of the invention, and to show more clearly how it may be carried into effect, reference
will now be made, by way of example only, to the accompanying drawings, in which:

Fig. 1 is an illustration of an apparatus for measuring the fluid content of part of the body of a subject according to
an embodiment;

Fig. 2 is a flow chart illustrating a method for use in monitoring a physiological characteristic of a subject according
to a general embodiment of the invention;

Fig. 3 is a flow chart illustrating the implementation of steps 101-107 of Fig. 2 according to a first specific embodiment
of the invention;

Fig. 4 is a flow chart illustrating the implementation of steps 101-107 of Fig. 2 according to a second specific
embodiment of the invention; and

Fig. 5is aflow chartillustrating the implementation of steps 101-107 of Fig. 2 according to a third specific embodiment
of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0036] Figure 1 shows an apparatus for use in monitoring a physiological characteristic of a subject according to the
invention. In this particular embodiment, the physiological characteristic is the fluid content of a part of the body of a
subject, measured in terms of the resistance of the part of the body of the subject, and thus Figure 1 shows an apparatus
for use in monitoring fluid content in a part of the body of a subject (patient) using bio-impedance measurements that
can implement the method according to the invention. However, those skilled in the art will appreciate that the apparatus
can be readily adapted for use in monitoring other physiological parameters through the inclusion or use of a suitable
sensor. For example, the apparatus can be used to monitor any of a variety of other physiological characteristics, such
as weight, blood pressure, temperature, heart rate, etc. using sensors suitable for measuring those characteristics.
[0037] The apparatus 2 is shown in Figure 1 as being worn by or attached to a subject 4 by a strap or belt 16, although
it will be appreciated that other arrangements are possible, such as a vest incorporating the apparatus. The apparatus
2 comprises a control unit 6 that is connected to electrodes 8, 10, 12, 14 that are to be attached to, or otherwise placed
into contact with, the skin of the subject 4. In the illustrated embodiment, two pairs of electrodes are provided. A first
pair of electrodes 8, 12 deliver a small electric current at one or more selected frequencies into the chest of the subject
4. A second pair of electrodes 10, 14, each placed near a respective one of the electrodes 8, 12 in the first pair, are
placed on the skin of the subject 4 to measure the differential potential across the chest of the subject 4. Where, as in
the illustrated embodiment, the apparatus 2 is to monitor the fluid accumulation in the lungs of the subject 4, the electrodes
in each pair are placed on opposite sides of the thorax of the subject 4. The illustrated apparatus 2 is therefore a non-
invasive trans-thoracic bio-impedance measurement system.

[0038] If the tissue in the body part being measured contains a high level of fluid, it conducts electricity better and thus
its impedance is lower than if it contains less fluid. By measuring the impedance at different frequencies the resistance
of extracellular fluid (Rg) in the tissue can be estimated separately from the resistance of the intracellular fluid (R;) using
the Cole-Cole model. In particular, at low measurement frequencies (e.g. approaching 0 Hz) the measured biological
tissue impedance is mainly determined by the extracellular fluid content and its characteristics. At these low frequencies,
the injected current does not easily pass through cell membranes. At higher frequencies the electrical properties of the
biological tissue are determined by both the intracellular and extracellular fluid content as the injected current is able to
pass through the cell membranes. Therefore, the influence of the intra- and extra-cellular fluid content on the measured
bio-impedance depends on the frequency of the injected current. This allows a characterization of the electrical properties
of the biological tissue according to the Cole-Cole model. Using measurements at multiple frequencies allows the
approximation by interpolation of the electrical properties of the tissue at direct current (DC, frequency of zero Hz) when
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the extracellular fluid content is the main component of the impedance.

[0039] Where, in alternative or additional embodiments, the apparatus 2 is to be used to monitor the subject for
dehydration, the overall resistance of the tissue (i.e. including both the intra-cellular R; and extra-cellular R, components)
or the intra-cellular resistance R; can be determined from the measured biological tissue impedance.

[0040] The estimation of R, and/or R; values from impedance measurements can be performed by a processing unit
in the control unit 6. The control unit 6 can also implement the method described below and shown in Figure 2. Alternatively,
the control unit 6 can transmit the impedance measurements or estimated R, and/or R; values to another apparatus
(such as a smart phone, laptop computer, desktop computer or other processing device) that comprises a processing
unit that processes the impedance measurements to produce R, and/or R; values (if required) and that implements the
other steps in the method shown in Figure 2.

[0041] In alternative implementations, an apparatus that comprises two spatially and electrically separated electrodes
for surgical implantation into the tissue of a subject’s body can be used to collect the bio-impedance measurements.
The person skilled in the art will also be aware of other types of systems to that shown in Figure 1 that can be used to
provide bio-impedance measurements.

[0042] Figure 2 shows a method for use in monitoring a physiological characteristic of the body of a subject according
to an embodiment of the invention.

[0043] In step 101, a new value of the physiological characteristic of the body of the subject is received or obtained,
for example from bio-impedance measurement apparatus 2 which measures the impedance of tissue to a small current
flowing between two electrodes. In some embodiments, the value of the physiological characteristic is the value of the
resistance of fluid in a part of the subject’s body. In preferred embodiments, the value of the resistance of fluid is the
resistance R, of extracellular fluid in the part of the body of the subject, and more preferably, R, is the resistance of
extracellular fluid in the lungs of the subject. However, in alternative embodiments, the value of the physiological char-
acteristic can be a weight measurement, heart rate measurement, blood pressure measurement or temperature meas-
urement, etc.

[0044] In step 103, the received physiological characteristic value is checked against a range of normal variability of
that characteristic for the subject and it is determined whether the received physiological characteristic value is normal.
The range of normal variability of that characteristic for the subject is calculated from a set of previously-obtained
physiological characteristic values (and particularly, previously-obtained values that were considered to be normal, i.e.
not considered to be abnormally high or low). In some embodiments, the range of normal variability can be defined by
an upper bound and a lower bound which are derived from the previous normal physiological characteristic values for
the subject. The range of normal variability of the characteristic for the subject can also be derived using information on
the expected variability of the physiological characteristic values in a sample of representative subjects.

[0045] If the physiological characteristic value is found to be normal, in step 105 the received characteristic value is
included in the set of previously-obtained normal physiological characteristic values and it is used to update the range
of normal variability for the subject. Adapting the range based on newly-collected characteristic values classified as
normal for the subject personalizes the range to the subject over time.

[0046] The criteria for determining whether a received physiological characteristic value is normal can depend on
whether the method is being used to monitor for high values or low values of the physiological characteristic. For example,
some physiological conditions, such as excess fluid accumulation in the lungs, result in lower values of the resistance
due to extracellular water in the body of the subject. In this case, where the method is monitoring the subject for excess
fluid accumulation (and also for recovery from excess fluid accumulation), the method is directed to generally treat low
values as being abnormal and indicative of the degree to which fluid is accumulating. However, other physiological
conditions, such as dehydration, result in higher values of the resistance of the body of the subject. In this case, the
method is to monitor for dehydration and generally treats high values as being abnormal and indicative of the degree to
which the subject is dehydrated.

[0047] In some embodiments, a number of consecutive high or low values (as appropriate for the condition being
monitored for) may need to be received before a determination is made that a high or low received value is abnormal.
Thus, even where a received value is outside the range of normal variability, it is not immediately classified as being
abnormal, which means that erroneous measurements due to incorrect sensor placement or inconsistent measurement
conditions do not trigger false alarms.

[0048] In some embodiments, if the physiological characteristic value is found to be abnormal in step 103, then the
measurement can be flagged as such (e.g. reported to the subject or physician). In some embodiments, particularly
where the method is directed to identify excess extracellular fluid accumulation, an indication of a physiological condition
which is correlated to the physiological characteristic (in this case the fluid content or accumulation in the part of the
subject’s body) can be determined from the physiological characteristic value.

[0049] Thus, the method in Figure 2 makes use of the subject's measurement history to model variability of a particular
physiological characteristic (e.g. resistance measurements) for that subject and therefore automatically personalize the
monitoring algorithm in order to increase the accuracy of the output. After an initialization period, in which some meas-
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urements of the particular physiological characteristic are collected for the subject, a healthy physiological characteristic
value and a variance of the measurements of the subject are estimated based on previous measurements of that subject.
The subject-specific variability measure is used to set up values for the boundaries for the discrimination between healthy
(normal) values and abnormal values. To avoid the influence of abnormal values in the healthy physiological characteristic
and variability estimations, values marked as abnormal are excluded from the subject’s history used for these estimations.
When previous values are incorrectly classified as normal due to an unfortunate initialization (i.e. the subject started the
measurement period whilst already suffering from a physiological condition that resulted in abnormal physiological
characteristic values), the algorithm can also quickly adapt the variability bounds as measurements are taken when the
subject is recovering.

[0050] Figure 3 shows an algorithm for implementing steps 101-107 of the method in Figure 2 according to a first
specific embodiment of the invention. In this specific embodiment, the method monitors for extracellular fluid accumulation
(i.e. abnormally low resistance values), and thus the physiological characteristic values are extra-cellular fluid resistance
(Rg) values. An initialization step 301 is performed prior to the first R, value being received. During this initialization step
a set of previously received normal R, values is formed from a plurality of (e.g. four) previously-collected (and possibly
consecutive) R, values. The values of three counters, denoted C,omai: Cpelow @Nd Capove are set to 0. These counters
are used to track how many consecutive R, values have occurred that are within, below or above the range of normal
variability respectively. The method of Figure 3 therefore begins at step 303 when the next R, value is received.
[0051] At step 303, which corresponds generally to step 101 above, a new R, value is received. New R, values could
be received each day, although it will be appreciated that R, values could be received more or less frequently, as
appropriate to the subject or health condition being monitored.

[0052] At step 305, the algorithm computes several parameters from the R, values in the set of previously-collected
normal R, values. In particular, an expected healthy value (EHV) of R, for the specific subject 4, a measure of the
Healthy Value variation (HV4) and the range of normal variability of R, defined in terms of an upper bound UB and a
lower bound LB for the subject 4 are calculated. As shown in Figure 3, this step is performed each time a new R, value
is received (although it will be appreciated that it can be performed prior to a new R, value being received). EHV is
calculated from the set of previously received R, values that were found to be normal and that have been stored in a
memory of the control unit 6. Preferably EHV is an average, e.g. the mean, of this set of previously received normal R,
values (hereafter denoted by Normal_R,), as represented by the equation:

EHV = mean(Normal R,) Equation 1

although a mode or median could alternatively be used.

[0053] HVyis computed by calculating a measure of the variation of the set Normal_R,,. Preferably this measure of
the variation is the standard deviation of the set Normal_R,, although other measures of variation could be used.
[0054] In some embodiments the measure of the Healthy Value variation, HV, is equal to the standard deviation
(std) of the set Normal_R,. In some embodiments, however, training data obtained from a training group of further
subjects who did not have fluid accumulation in their lungs when the training data was acquired is used to restrict the
standard deviation of the set of previously received normal R, values. This means that HV 4 is not necessarily equal
to the standard deviation of the set Normal_R,.

[0055] In this embodiment, a training set of R, values (hereafter denoted by Training_R,) for the training group was
previously obtained, and maximum and minimum coefficients of variance CV,,,, and CV,, respectively for the set
Training_R, were calculated by estimating the confidence intervals at a confidence level (e.g. 50%, 95%, 99%, etc.) of
the coefficient of variance of the training R, values. HV i is then computed in step 305 according to the following equation:

HVyq = std(Normal R.)

[0056] The lower bound LB and upper bound UB of the normal range of variability are then calculated according to
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LB=EHV -HVy Equation 3

UB =EHV + HVy

[0057] In step 307 the algorithm determines whether the received R, value is below the value of LB calculated in step
305. If R, is below LB, then the algorithm proceeds to step 309 in which 1 is added to the value of counter C,,,, While
the values of the two other counters C,,.;,5 @and Cp0c are set (reset) to 0.

[0058] After the counters have been updated in step 309, in step 311 the algorithm checks whether the updated value
of Cpelow iS greater than or equal to a predefined threshold N. The value N of the threshold determines how many
consecutive R, values that are below the lower bound of the range of normal variability need to be received before the
algorithm indicates that an abnormal R, measurement has been received.

[0059] If Cyg0, is less than N, then the algorithm moves to step 313 in which the current R, value is added to the set
Normal_R,. This completes the algorithm until the next R value is received, when it begins again at step 303. Thus,
even though the current R, value is lower than the lower bound LB of the normal range (and thus potentially indicative
of higher fluid content in the part of the subject’s body), this R, value is still classified as 'normal’ and is added to the set
Normal_R, to be used in subsequent iterations of step 305 to calculate the updated values of EHV, HV 4, LB and UB.
The use of this threshold N means that one or more (but less than N) erroneous low R, values that might result from,
for example, an incorrect positioning of the electrodes on the body of the subject or the subject being in the wrong
posture, do not lead to the algorithm to indicate that there is excess fluid in the part of the body being monitored.
[0060] N can take any positive integer value, however the larger the value of N, the longer it will take the algorithm to
detect a potentially significant accumulation of fluid. On the other hand, for smaller values of N, the algorithm will be
more likely to generate false alarms on the basis of minor and short-lived decreases in R, that are not clinically significant
(for example as a result of incorrect electrode placement or the subject being in the wrong posture). The optimum value
of N will depend on how frequently a new value is received. In the case that one value is obtained per day, preferably
N is between 3 and 15. In some embodiments N is adapted to be specific to the particular subject

[0061] If, however, at step 311 Cp0, iS found to be greater than or equal to N, indicating that N or more consecutive
received R, values have been below LB, the algorithm moves to step 315 in which the current (i.e. Nth consecutive
value below the LB) R, value is marked as 'abnormal’ (i.e. an abnormal indicator, Abn(i) is set to 1). Then, at step 317
the algorithm determines whether the value of C,,,, is equal to N. If it is not equal to N, then the algorithm is complete
until the next R, value is received.

[0062] If, on the other hand, at step 317 it is determined that C,,,, is equal to N, then the N-1 previous received R,
values most recently added to the set Normal_R, are deleted from the set Normal_R, at step 319. The number of
previously received R, values deleted from the set Normal_R, in this step may, in some embodiments, be more or fewer
than N-1.

[0063] The step of deleting the N-1 previous received R, values from the set Normal_R, (which would have been
added through successive occurrences of step 313) means that R, values which may be only slightly below the range
of expected variability but which are later found to be part of a decreasing trend likely to be indicative of pulmonary
oedema are not used when calculating the range of normal variability for subsequent received R, values. This ensures,
as far as possible, that only healthy values are used to calculate the range of normal variability. After performing step
319 the algorithm is complete until the next R, value is received, when it begins again at step 303.

[0064] Returningtostep 307, ifthe received R, value was not found to be below LB, at step 321 the algorithm determines
whether R is above UB. If R, is found to be above UB, 1 is added to the value of C while C,,5;ma @nd Cpgon are
set (reset) to 0, at step 323.

[0065] Afterthe counters have been updated, in step 325 the algorithm adds the current R, value to the set Normal_R,.
Since the R, value has been determined to be normal, it is flagged as such at step 327 (i.e. the abnormal indicator Abn(i)
is set to 0).

[0066] Then, in step 329, the algorithm checks whether the value of C,,,,. is greater than a predefined threshold M.
If it is not, then the algorithm is complete until the next R, value is received, when it begins again at step 303. If, on the
other hand, it is determined at step 329 that C,, is greater than M, then at step 331 the algorithm deletes the C; ¢
smallest R, values from the set of previously received normal R, values. This step allows the algorithm to quickly adapt
UB and LB in cases where the received R, values are steadily increasing, for example when the subject is recovering
from pulmonary oedema. In some embodiments more or fewer than C,, ¢ Of the smallest values may be deleted from
the set Normal_R, in step 331. After performing step 331 the algorithm is complete until the next R, value is received,
when it begins again at step 303.

[0067] It will be appreciated that M may in principle take any positive integer value, however the larger the value of M
is, the longer it will take the algorithm to adapt UB and LB to steadily increasing R values when a patient is recovering.
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On the other hand, if M is too small, then this could lead to UB and LB being adjusted unnecessarily due to minor and
short-lived increases in R, that are not clinically significant. Preferably M is between 3 and 15. In some embodiments
M is adapted to be specific to the particular subject.

[0068] Returning to step 321, if it is determined that the received R, value is not above the UB (i.e. it is between LB
and UB), then in step 333 1 is added to the value of C the value of C is set (reset) to 0, and the value of Cp,g o\
is maintained.

[0069] Then, in step 335 the algorithm checks whether (a) the value of C,, is greater than the predetermined
threshold N, and (b) the value of C;,4 is less than or equal to a predetermined threshold Z. If it is found that both (a)
and (b) are true, then the algorithm proceeds to step 337 in which the received R, value is marked as abnormal (i.e. the
abnormal indicator, Abn(i) is set to 1). This completes the algorithm until the next R, value is received.

[0070] If, onthe other hand, in step 335 at least one of the conditions (a) and (b) is not met, then the algorithm proceeds
to step 339 in which C,,,,, is set to zero. The received R, value is determined to be normal and in step 341 is added
to the set Normal_R,. At step 343 it is therefore not flagged as abnormal (i.e. the abnormal indicator Abn(i) is set to 0).
This completes the algorithm until the next R, value is received, when it begins again at step 303.

[0071] The additional check represented by step 335 ensures that up to Z apparently normal R, values which follow
immediately after a series of consecutive R, values that are below LB does not reset the C,,o,,, counter. In this circum-
stance it may be that the up to Z apparently normal R, values are erroneous (for example if the electrodes were not
attached correctly or in the correct position, or if the subject is in the wrong posture), and if the Cy,,, counter were to
be reset on the basis of such erroneous values this could lead to the accumulation of fluid being missed. The present
embodiment guards against such false negatives by disregarding incongruous normal values. Preferably Z is between
1and 10. lt will be appreciated that if Zis too large then the algorithm may be slower to detect that the subject is recovering
from fluid accumulation.

[0072] Insome embodiments it may be desirable to limit the size of the set Normal_R,. Such embodiments may include
the optional additional steps 345 and 347, as shown in the dashed boxes in Figure 3. In step 345 the algorithm determines
whether the size of the set Normal_R, is greater than a pre-defined threshold H. If it is not, then no action is taken and
the algorithm is complete until a new R value is received in step 303.

[0073] If the size of the set Normal_R, is determined to be greater than H, then the oldest R, value in Normal_R, is
deleted (step 347). The algorithm then begins again at step 303. This step ensures that the set Normal_R, only ever
contains a maximum of H values, which may be necessary in view of the amount of memory available to store this set.
It will be appreciated that H may in principle take any positive integer value, however the larger the value of H is, the
more accurate the estimated healthy R, value and measure of expected variability of R, for the subject is likely to be.
H may be between 25 and 100. In some embodiments H is adapted to be specific to the particular subject.

[0074] If the subject is already suffering from fluid accumulation when the initial plurality of R, values used in step 301
are obtained, the algorithm may not be able to detect when there is excess fluid until a period of recovery has taken
place. To avoid this situation, some embodiments employ a "smart initialization" process as described in United States
provisional patent application no. 61/657,217 filed on 8 June 2012. The normal, healthy thoracic impedance of a specific
patient depends on several factors including body dimensions, gender and fat mass and can therefore to some extent
be predicted from measurements of these factors. The smart initialization process uses prediction equations based on
patient characteristics to determine an expected initial value of R, for a specific subject. Then, when the algorithm first
performs step 305, the initial value of EHV is calculated as a weighted average of the expected initial value of R, and
the initial plurality of R, values.

[0075] As described above, in some situations increases of R, above EHV may be of interest, since such increases
can be indicative of, for example, dehydration. Figure 4 shows an algorithm for implementing steps 101-107 of the
method in Figure 2 according to a second specific embodiment of the invention. The algorithm of Figure 4 is the same
as that of Figure 3, except that steps 307, 309, 311, 315 and 317 are replaced by steps 401 to 409 respectively, steps
321 to 331 are replaced by steps 411 to 421 respectively, and steps 333, 335 and 339 are replaced by steps 423 to 427
respectively. These steps will now be described using the assumption that the rest of the algorithm operates as described
above in relation to Figure 3.

[0076] After EHV, HVgy, LB and UB have been computed by the Figure 4 algorithm in step 305, in step 401 the
algorithm determines whether the received R, value is above UB. If R, is above UB, then the algorithm proceeds to step
403 in which 1 is added to the value of counter C,,, While the values of the two other counters C,,,;ma @nd Cpgow are
set (reset) to 0.

[0077] Then, in step 405, the algorithm checks whether the updated value of C,, . is greater than or equal to the
predefined threshold N. If C,, ., is less than N, then the algorithm moves to step 313 in which the current R, value is
added to the set Normal_R,. This completes the algorithm until the next R, value is received, when it begins again at
step 303.

[0078] Inthis embodiment, N can take the same value as in the first specific embodiment, however it will be appreciated
that a different value of N may be appropriate for monitoring dehydration as compared to that which is appropriate for
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monitoring fluid accumulation.

[0079] If at step 405 Cy ¢y is found to be greater than or equal to N, indicating that N or more consecutive received
R, values have been above UB, the algorithm moves to step 407 in which the current (i.e. Nth consecutive value above
the UB) R, value is marked as 'abnormal’ (i.e. an abnormal indicator, Abn(i) is set to 1).

[0080] Then, at step 409 the algorithm determines whether the value of C is equal to N. If it is not equal to N,
then the algorithm is complete until the next R, value is received.

[0081] If, on the other hand, at step 409 it is determined that C, ., is equal to N, then the N-1 previous received R,
values most recently added to the set Normal_R, are deleted from the set Normal_R, at step 319. After performing step
319 the algorithm is complete until the next R, value is received, when it begins again at step 303.

[0082] Returning to step 401, if the received R, value was not found to be above UB, at step 411 the algorithm
determines whether R is below LB. If R, is found to be below LB, 1 is added to the value of C,,, while C,,;;n5 and
Cabove are set (reset) to 0, at step 413.

[0083] Afterthe counters have been updated, in step 415 the algorithm adds the current R, value to the set Normal_R,.
Since the R, value has been determined to be normal (i.e. it is not indicative of dehydration), it is flagged as such at
step 417 (i.e. the abnormal indicator Abn(i) is set to 0).

[0084] Then, in step 419, the algorithm checks whether the value of C,,, iS greater than a predefined threshold M.
If it is not, then the algorithm is complete until the next R value is received, when it begins again at step 303.

[0085] If, on the other hand, it is determined at step 419 that C,, is greater than M, then at step 421 the algorithm
deletes the C,. o, highest R, values from the set of previously received normal R, values. This step allows the algorithm
to quickly adapt UB and LB in cases where the received R, values are steadily decreasing, for example when the subject
is recovering from dehydration. After performing step 421 the algorithm is complete until the next R, value is received,
when it begins again at step 303.

[0086] In this embodiment M can be the same value as in the first specific embodiment, however it will be appreciated
that a different value of M may be appropriate for monitoring dehydration as compared to that which is appropriate for
monitoring fluid accumulation.

[0087] Returning to step 411, if it is determined that the received R, value is not below the LB (i.e. it is between LB
and UB), then in step 423 1 is added to the value of C ;4. the value of Cyg ., is set (reset) to 0, and the value of C4ppe
is maintained.

[0088] Then, in step 425 the algorithm checks whether (a) the value of C,,. is greater than the predetermined
threshold N, and (b) the value of C, ., is less than or equal to a predetermined threshold Z. If it is found that both (a)
and (b) are true, then the algorithm proceeds to step 337 in which the received R, value is marked as abnormal (i.e. the
abnormalindicator, Abn(i) is set to 1). This completes the algorithm until the next R value is received. In this embodiment,
the value of Z can be the same as for the first specific embodiment, but it will be appreciated that a different value of Z
may be appropriate for monitoring dehydration as compared to that which is appropriate for monitoring fluid accumulation.
[0089] If, onthe other hand, in step 425 at least one of the conditions (a) and (b) is not met, then the algorithm proceeds
to step 427 in which C,,,. is set to zero. The received R, value is determined to be normal and in step 341 is added
to the set Normal_R,. At step 343 it is therefore flagged as normal (i.e. the abnormal indicator Abn(i) is set to 0). This
completes the algorithm until the next R, value is received, when it begins again at step 303.

[0090] Thus, it will be appreciated that in this embodiment R, values which are above UB are treated in essentially
the same manner as R, values below LB are treated in the first specific embodiment, and vice versa.

[0091] It will be appreciated that other modifications to the method of the invention shown in Figure 3 to enable it to
detect abnormal values of R, are possible. For example, embodiments are also possible in which both R, values above
UB and below LB are treated as potentially of concern (i.e. steps 401 to 409 are performed in place of steps 321 to 421
in the Figure 3 algorithm. Such embodiments would monitor for both fluid accumulation and dehydration simultaneously.
[0092] Figure 5 shows an algorithm for implementing steps 101-107 of the method in Figure 2 according to a third
specific embodiment of the invention. The algorithm of Figure 5 is the same as that of Figure 3, except that steps 315,
327, 337 and 343 are replaced by steps 503, 505, 507 and 509 respectively. These steps will now be described using
the assumption that the rest of the algorithm operates as described above in relation to Figure 3.

[0093] If the Figure 5 algorithm has determined at step 307 that the received R, value is less than LB, and at step 311
that the updated value of C,¢,, is greater than or equal to N, then it performs step 403 in which an indication of the fluid
content of the part of the body of the subject being monitored is determined, in addition to the received R, value being
marked as abnormal. This indication can be a fluid accumulation content (FAC) and/or a fluid accumulation index (FAI).
FAC and FAI can be calculated using the following equations:

above
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FAI() = FAI(i-1) + (LB - Re(i)) Equation 5

where i is an index corresponding to the current received R, value (and hence R,(i-1) corresponds to the previous
received R, value).

[0094] The FAC is indicative of the amount of fluid accumulation at the time of that R, measurement (e.qg. for a given
day (in embodiments where one R, value is generated per day by the bio-impedance measurement apparatus)), while
the FAl is indicative of the persistence of the fluid accumulation.

[0095] If the Figure 5 algorithm has determined at step 321 that the received R, value is above UB, then following the
addition of the received R, value to the set Normal_R, at step 325 the algorithm performs step 405. In step 405 the FAC
and the FAI are set to zero, and the R, measurement is marked as normal.

[0096] If the received R, value is determined to be between LB and UB and at step 311 it is found to be true that both
(a) Chomaris equalto 1 and (b) Cpe 0 is greaterthan N, then the algorithm performs step 407 in which the fluid accumulation
content (FAC) and the fluid accumulation index (FAI) are calculated using equations 4 and 5, as well as marking the
received R, value as abnormal. If at step 335 it is determined that at least one of (a) and (b) is not true, then after adding
the received R, value to the set Normal_R, at step 341 the algorithm sets the FAC and the FAI to zero in step 409 and
marks the R, measurement as normal.

[0097] Thus, when a given R, value is found to be abnormal, the Figure 5 algorithm calculates the FAC and FAI using
this value. When, on the other hand, an R, value is added to the set Normal_R,, the Figure 4 algorithm sets the values
of the FAC and FAI to zero. The use of FAC and FAI improves the sensitivity of the algorithm in detecting pulmonary
congestion.

[0098] Insome embodiments (which are alsoillustrated in Figure 5) the FAC is calculated relative to EHV, the expected
healthy value of R, for the subject. Thus in these embodiments equation 4 is replaced by:

FAC(i) = (EHV - R)/EHV Equation 6

[0099] This makes the algorithm more robust against large differences in the magnitude of EHV between subjects.
[0100] Although the specific embodiments of the invention in Figures 3 and 5 have been described above as being
preferably for use in monitoring the accumulation of extra-cellular water in the lungs of a subject 4, it will be appreciated
that the invention can be used in monitoring the accumulation of fluid (whether extra-cellular, intra-cellular or combined)
of other parts of the body of the subject 4. For example, a bio-impedance measurement apparatus 2 can be provided
for use on the wrist, ankle or other joint of a subject 4 (for example as part of an assessment of inflammation of the joint)
so as to generate R, values for these body parts.

[0101] There is therefore provided a method and apparatus that allow a subject to be monitored so as to detect and/or
predict the onset of or recovery from clinically significant conditions using measurements of one or more physiological
characteristics of the subject.

[0102] While the invention has been illustrated and described in detail in the drawings and foregoing description, such
illustration and description are to be considered illustrative or exemplary and not restrictive; the invention is not limited
to the disclosed embodiments.

[0103] Variations to the disclosed embodiments can be understood and effected by those skilled in the art in practicing
the claimed invention, from a study of the drawings, the disclosure and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a plurality.
A single processor or other unit may fulfill the functions of several items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a combination of these measures
cannot be used to advantage. A computer program may be stored/distributed on a suitable medium, such as an optical
storage medium or a solid-state medium supplied together with or as part of other hardware, but may also be distributed
in other forms, such as via the Internet or other wired or wireless telecommunication systems. Any reference signs in
the claims should not be construed as limiting the scope.

Claims
1. A method for use in monitoring for low values of a physiological characteristic of a subject, with a low value of the

physiological characteristic indicating that the subject has, or the degree to which the subject has, a physiological
condition, the method comprising:
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receiving a value of the physiological characteristic (R;) of the subject;

determining whether the received physiological characteristic value is normal using a range of normal variability
of the physiological characteristic for the subject calculated using a set of previous values of the physiological
characteristic for the subject, by:

comparing the physiological characteristic value to upper and lower bounds (LB, UB) that define the range
of normal variability;

characterised in that

if the received physiological characteristic value is below the lower bound, comparing the number of con-
secutive received physiological characteristic values (Cy¢y) that are below the lower bound to a first
threshold value (N); and

determining that the received physiological characteristic value is abnormal when the number of consecutive
received physiological characteristic values that are below the lower bound is equal to or greater than the
first threshold value;

determining the received physiological characteristic value to be normal if the number of consecutive re-
ceived physiological characteristic values below the lower bound is less than the first threshold value; and
in the event that the received physiological characteristic value is determined to be normal, updating the
range of normal variability using the received physiological characteristic value.

2. A method as claimed in claim 1, wherein the step of updating the range of normal variability comprises adding the

received physiological characteristic value to the set of previous physiological characteristic values, and recalculating
the range of normal variability using the set of previous physiological characteristic values.

3. A method as claimed in claims 1 or 2, wherein the method further comprises the step of:

following a determination that the received physiological characteristic value is abnormal, determining whether
the number of consecutive received physiological characteristic values that are below the lower bound is equal
to the first threshold value, N, and if so, removing one or more physiological characteristic values most recently
added to the set of previous physiological characteristic values.

4. A method as claimed in any of claims 1 to 3, wherein the step of determining whether the received physiological

characteristic value is normal comprises:

determining that the received physiological characteristic value is normal if the received physiological charac-
teristic value is above the upper bound.

5. A method as claimed in claim 4, wherein the method further comprises the steps of:

following a determination that the received physiological characteristic value is above the upper bound, com-
paring the number of consecutive received physiological characteristic values that are above the upper bound
of the range of normal variability to a second threshold value, M; and

if the number of consecutive received resistance values that are above the upper bound exceeds the second
threshold value, removing one or more of the lowest physiological characteristic values from the set of previous
physiological characteristic values.

6. A method as claimed in any of claims 1 to 5, wherein the step of determining whether the received physiological
characteristic value is normal comprises:

if the received physiological characteristic value is between the upper bound and lower bound, determining if
(i) the number of consecutive physiological characteristic values between the upper bound and the lower bound
that have been received is less than or equal to a third threshold value, Z, and (ii) the number of consecutive
physiological characteristic values falling below the lower bound received immediately prior to the received
consecutive physiological characteristic values between the upper bound and the lower bound is greater than
the first threshold value, N;

determining that the received physiological characteristic value is normal if one or both of (i) and (ii) are negative;
and

determining that the received physiological characteristic value is abnormal if both of (i) and (ii) are positive.
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7. A method for use in monitoring for high values of a physiological characteristic of a subject, with a high value of the

10.

physiological characteristic indicating that the subject has, or the degree to which the subject has, a physiological
condition, the method comprising:

receiving a value of the physiological characteristic (R;) of the subject;

determining whether the received physiological characteristic value is normal using a range of normal variability
of the physiological characteristic for the subject calculated using a set of previous values of the physiological
characteristic for the subject, by:

comparing the physiological characteristic value to upper and lower bounds (LB,UB) that define the range
of normal variability;

characterised in that

if the received physiological characteristic value is above the upper bound, comparing the number of con-
secutive received physiological characteristic values (C,,.,e) that are above the upper bound to a first
threshold value (N); and

determining that the received physiological characteristic value is abnormal when the number of consecutive
received physiological characteristic values that are above the upper bound is equal to or greater than the
first threshold value;

determining the received physiological characteristic value to be normal if the number of consecutive re-
ceived physiological characteristic values above the upper bound is less than the first threshold value; and
in the event that the received physiological characteristic value is determined to be normal, updating the
range of normal variability using the received physiological characteristic value.

A method as claimed in claim 7, wherein the step of updating the range of normal variability comprises adding the
received physiological characteristic value to the set of previous physiological characteristic values, and recalculating
the range of normal variability using the set of previous physiological characteristic values.

A method as claimed in claim 7 or 8, wherein the method further comprises the step of:

following a determination that the received physiological characteristic value is abnormal, determining whether
the number of consecutive received physiological characteristic values that are above the upper bound is equal
to the first threshold value, N, and if so, removing one or more physiological characteristic values most recently
added to the set of previous physiological characteristic values.

A method as claimed in any of claims 7 to 9, wherein the step of determining whether the received physiological
characteristic value is normal comprises:

determining that the received physiological characteristic value is normal if the received physiological charac-
teristic value is below the lower bound.

11. A method as claimed in claim 10, wherein the method further comprises the steps of:

following a determination that the received physiological characteristic value is below the lower bound, comparing
the number of consecutive received physiological characteristic values that are below the lower bound of the
range of normal variability to a second threshold value, M; and

if the number of consecutive received resistance values that are below the lower bound exceeds the second
threshold value, removing one or more of the highest physiological characteristic values from the set of previous
physiological characteristic values.

12. A method as claimed in any of claims 7 to 11, wherein the step of determining whether the received physiological

characteristic value is normal comprises:

if the received physiological characteristic value is between the upper bound and lower bound, determining if
(i) the number of consecutive physiological characteristic values between the upper bound and the lower bound
that have been received is less than or equal to a third threshold value, Z, and (ii) the number of consecutive
physiological characteristic values being above the upper bound received immediately prior to the received
consecutive physiological characteristic values between the upper bound and the lower bound is greater than
the first threshold value, N;
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determining that the received physiological characteristic value is normal if one or both of (i) and (ii) are negative;
and
determining that the received physiological characteristic value is abnormal if both of (i) and (ii) are positive.

13. A computer program product, comprising computer readable code embodied therein, the computer readable code
being configured such that, on execution by a suitable computer or processor, the computer or processor performs
the method described in any preceding claim.

14. An apparatus for use in monitoring for low values of a physiological characteristic of a subject, with a low value of
the physiological characteristic indicating that the subject has, or the degree to which the subject has, a physiological
condition, the apparatus comprising:

a processing unit arranged to:

receive a value of the physiological characteristic (R.) of the subject;

determine whether the received physiological characteristic value is normal using a range of normal vari-
ability of the physiological characteristic for the subject calculated using a set of previous values of the
physiological characteristic for the subject, by:

comparing the physiological characteristic value to upper and lower bounds (UB,LB) that define the
range of normal variability;

characterised in that

if the received physiological characteristic value is below the lower bound, comparing the number of
consecutive received physiological characteristic values (Cp,,,) that are below the lower bound to a
first threshold value (N); and

determining that the received physiological characteristic value is abnormal when the number of con-
secutive received physiological characteristic values that are below the lower bound is equal to or
greater than the first threshold value;

determining the received physiological characteristic value to be normal if the number of consecutive
received physiological characteristic values below the lower bound is less than the first threshold value;
and

in the event that the received value of the physiological characteristic is determined to be normal,
update the range of normal variability using the received physiological characteristic value.

15. An apparatus for use in monitoring for high values of a physiological characteristic of a subject, with a high value of
the physiological characteristic indicating that the subject has, or the degree to which the subject has, a physiological
condition, the apparatus comprising:

a processing unit arranged to:

receive a value of the physiological characteristic (R;) of the subject;

determine whether the received physiological characteristic value is normal using a range of normal vari-
ability of the physiological characteristic for the subject calculated using a set of previous values of the
physiological characteristic for the subject, by:

comparing the physiological characteristic value to upper and lower bounds (LB, UB) that define the range
of normal variability;

characterised in that

if the received physiological characteristic value is above the upper bound, comparing the number of con-
secutive received physiological characteristic values that are above the upper bound to a first threshold
value (N); and

determining that the received physiological characteristic value is abnormal when the number of consecutive
received physiological characteristic values (C,,0e) that are above the upper bound is equal to or greater
than the first threshold value;

determining the received physiological characteristic value to be normal if the number of consecutive re-
ceived physiological characteristic values above the upper bound is less than the first threshold value; and
in the event that the received value of the physiological characteristic is determined to be normal, update
the range of normal variability using the received physiological characteristic value.
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Patentanspriiche

1.

Verfahren zur Verwendung beim Uberwachen fiir niedrige Werte eines physiologischen Kennzeichens einer Person,
wobei ein niedriger Wert eines physiologischen Kennzeichens darauf hinweist, dass die Person einen physiologi-
schen Zustand aufweist, oder auf den Grad des physiologischen Zustands der Person hinweist, wobei das Verfahren
Folgendes umfasst:

Empfang eines Werts des physiologischen Kennzeichens (R;) der Person;

Bestimmen, ob der empfangene Wert des physiologischen Kennzeichens normal ist, durch die Verwendung
eines Bereichs einer normalen Variabilitdt des physiologischen Kennzeichens fiir die Person, die unter Ver-
wendung einer Reihe von vorherigen Werten des physiologischen Kennzeichens fiir die Person berechnet wird,
durch:

den Vergleich des Werts des physiologischen Kennzeichens mit oberen und unteren Grenzen (LB, UB),
die den Bereich einer normalen Variabilitat definieren;

dadurch gekennzeichnet, dass

man, falls der empfangene Wert des physiologischen Kennzeichens unterhalb der unteren Grenze liegt,
die Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens (Cy o), die
unter der unteren Grenze liegen mit einem ersten Schwellenwert (N) vergleicht; und

man bestimmt, dass der empfangene Wert des physiologischen Kennzeichens anormalist, wenn die Anzahl
der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens, die unter der unteren
Grenze liegen, grofier oder gleich dem ersten Schwellenwert ist;

man bestimmt, dass der empfangene Wert des physiologischen Kennzeichens normal ist, wenn die Anzahl
der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens, die unter der unteren
Grenze liegen, kleiner ist, als der erste Schwellenwert; und

fur den Fall, dass der empfangene Wert des physiologischen Kennzeichens als normal bestimmt wird, das
Aktualisieren des Bereichs einer normalen Variabilitat unter Verwendung des empfangenen Werts des
physiologischen Kennzeichens.

Verfahren nach Anspruch 1, wobei der Schritt des Aktualisierens des Bereichs einer normalen Variabilitédt das
Hinzufligen des empfangenen Werts des physiologischen Kennzeichens zur Reihe von vorherigen Werten des
physiologischen Kennzeichens, sowie die Neuberechnung des Bereichs einer normalen Variabilitat unter Verwen-
dung der Reihe von vorherigen Werten des physiologischen Kennzeichens umfasst.

Verfahren nach den Anspriichen 1 oder 2, wobei das Verfahren darlber hinaus den folgenden Schritt umfasst:

Infolge einer Bestimmung, dass der empfangene Wert des physiologischen Kennzeichens anormal ist, Bestim-
men, ob die Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens, die
unter der unteren Grenze liegen, gleich dem ersten Schwellenwert N ist, und falls dem so ist, Entfernen eines
oder mehrerer Werte des physiologischen Kennzeichens, die zuletzt zur Reihe von vorherigen Werten des
physiologischen Kennzeichens hinzugefiigt worden sind.

Verfahren nach irgendeinem der Anspriiche 1 bis 3, wobei der Schritt der Bestimmung, ob der empfangene Wert
des physiologischen Kennzeichens normal ist, Folgendes umfasst:

Bestimmen, dass der empfangene Wert des physiologischen Kennzeichens normal ist, wenn der empfangene
Wert des physiologischen Kennzeichens uiber der oberen Grenze liegt.

Verfahren nach Anspruch 4, wobei das Verfahren dartber hinaus die folgenden Schritte umfasst:

Infolge einer Bestimmung, dass der empfangene Wert des physiologischen Kennzeichens Uber der oberen
Grenze liegt, Vergleichen der Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kenn-
zeichens, die Gber der oberen Grenze des Bereichs einer normalen Variabilitét liegen, mit einem zweiten Schwel-
lenwert M; und

Falls die Anzahl der aufeinanderfolgenden empfangenen Widerstandswerte, die Giber der oberen Grenze liegen,
den zweiten Schwellenwert Ubersteigt, das Entfernen eines oder mehrerer der niedrigsten Werte des physio-
logischen Kennzeichens aus der Reihe von vorherigen Werten des physiologischen Kennzeichens.
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6. Verfahren nach irgendeinem der Anspriiche 1 bis 5, wobei der Schritt des Bestimmens, ob der empfangene Wert
des physiologischen Kennzeichens normal ist, Folgendes umfasst:

falls der empfangene Wert des physiologischen Kennzeichens zwischen der oberen Grenze und der unteren
Grenze liegt, Bestimmen, ob (i) die Anzahl der aufeinanderfolgenden Werte des physiologischen Kennzeichens
zwischen der oberen Grenze und der unteren Grenze, die empfangen worden sind, kleiner oder gleich einem
dritten Schwellenwert Z sind, und (ii) die Anzahl der aufeinanderfolgenden Werte des physiologischen Kenn-
zeichens, die unter die untere Grenze fallen, die unmittelbar vor den empfangenen aufeinanderfolgenden Werten
des physiologischen Kennzeichens zwischen der oberen Grenze und der unteren Grenze empfangen worden
sind, groBer ist, als der erste Schwellenwert N;

Bestimmen, dass der empfangene Wert des physiologischen Kennzeichens normal ist, wenn eine oder beide
von (i) oder (ii) negativ sind; und

Bestimmen, dass der empfangene Wert des physiologischen Kennzeichens anormal ist, wenn beide, (i) und
(ii) positiv sind.

7. Verfahren zur Verwendung beim Uberwachen fiir hohe Werte eines physiologischen Kennzeichens einer Person,
wobei ein hoher Wert eines physiologischen Kennzeichens darauf hinweist, dass die Person einen physiologischen
Zustand aufweist, oder auf den Grad des physiologischen Zustands der Person hinweist, wobei das Verfahren
Folgendes umfasst:

Empfang eines Werts des physiologischen Kennzeichens (R;) der Person;

Bestimmen, ob der empfangene Wert des physiologischen Kennzeichens normal ist, durch die Verwendung
eines Bereichs einer normalen Variabilitdt des physiologischen Kennzeichens fiir die Person, die unter Ver-
wendung einer Reihe von vorherigen Werten des physiologischen Kennzeichens fiir die Person berechnet wird,
durch:

den Vergleich des Werts des physiologischen Kennzeichens mit oberen und unteren Grenzen (LB, UB),
die den Bereich einer normalen Variabilitat definieren;

dadurch gekennzeichnet, dass

man, falls der empfangene Wert des physiologischen Kennzeichens oberhalb der oberen Grenze liegt, die
Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens (C,,oye), die
oberhalb der oberen Grenze liegen mit einem ersten Schwellenwert (N) vergleicht; und

man bestimmt, dass der empfangene Wert des physiologischen Kennzeichens anormalist, wenn die Anzahl
der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens, die oberhalb deroberen
Grenze liegen, grofRer oder gleich dem ersten Schwellenwert ist;

man bestimmt, dass der empfangene Wert des physiologischen Kennzeichens normal ist, wenn die Anzahl
der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens, die oberhalb deroberen
Grenze liegen, kleiner ist, als der erste Schwellenwert; und

fur den Fall, dass der empfangene Wert des physiologischen Kennzeichens als normal bestimmt wird,
Aktualisieren des Bereichs einer normalen Variabilitat unter Verwendung des empfangenen Werts des
physiologischen Kennzeichens.

8. Verfahren nach Anspruch 7, wobei der Schritt des Aktualisierens des Bereichs einer normalen Variabilitédt das
Hinzufigen des empfangenen Werts des physiologischen Kennzeichens zur Reihe von vorherigen Werten des
physiologischen Kennzeichens, und die Neuberechnung des Bereichs einer normalen Variabilitat unter Verwendung
der Reihe von vorherigen Werten des physiologischen Kennzeichens umfasst.

9. Verfahren nach Anspruch 7 oder 8, wobei das Verfahren dartiber hinaus den folgenden Schritt umfasst:

Infolge einer Bestimmung, dass der empfangene Wert des physiologischen Kennzeichens anormal ist, Bestim-
men, ob die Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens, die
oberhalb der oberen Grenze liegen, gleich dem ersten Schwellenwert N ist, und falls dem so ist, Entfernen
eines oder mehrerer Werte des physiologischen Kennzeichens, die zuletzt zur Reihe von vorherigen Werten
des physiologischen Kennzeichens hinzugefligt worden sind.

10. Verfahren nach irgendeinem der Anspriiche 7 bis 9, wobei der Schritt der Bestimmung, ob der empfangene Wert
des physiologischen Kennzeichens normal ist, Folgendes umfasst:
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Bestimmen, dass der empfangene Wert des physiologischen Kennzeichens normal ist, wenn der empfangene
Wert des physiologischen Kennzeichens unter der unteren Grenze liegt.

Verfahren nach Anspruch 10, wobei das Verfahren darliber hinaus die folgenden Schritte umfasst:

Infolge einer Bestimmung, dass der empfangene Wert des physiologischen Kennzeichens unter der unteren
Grenze liegt, Vergleichen der Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kenn-
zeichens, die unter der unteren Grenze des Bereichs einer normalen Variabilitdt liegen, mit einem zweiten
Schwellenwert M; und

Falls die Anzahl der aufeinanderfolgenden empfangenen Widerstandswerte, die unter der unteren Grenze
liegen, den zweiten Schwellenwert Ubersteigt, das Entfernen eines oder mehrerer der hdchsten Werte des
physiologischen Kennzeichens aus der Reihe von vorherigen Werten des physiologischen Kennzeichens.

Verfahren nach irgendeinem der Anspriiche 7 bis 11, wobei der Schritt des Bestimmens, ob der empfangene Wert
des physiologischen Kennzeichens normal ist, folgendes umfasst:

falls der empfangene Wert des physiologischen Kennzeichens zwischen der oberen Grenze und der unteren
Grenze liegt, Bestimmen, ob (i) die Anzahl der aufeinanderfolgenden Werte des physiologischen Kennzeichens
zwischen der oberen Grenze und der unteren Grenze, die empfangen worden sind, kleiner oder gleich einem
dritten Schwellenwert Z sind, und (ii) die Anzahl der aufeinanderfolgenden Werte des physiologischen Kenn-
zeichens, die oberhalb der oberen Grenze liegen, die unmittelbar vor den empfangenen aufeinanderfolgenden
Werten des physiologischen Kennzeichens zwischen der oberen Grenze und der unteren Grenze empfangen
worden sind, grofer ist, als der erste Schwellenwert N;

Bestimmen, dass der empfangene Wert des physiologischen Kennzeichens normal ist, wenn eine oder beide
von (i) oder (ii) negativ sind; und

Bestimmen, dass der empfangene Wert des physiologischen Kennzeichens anormal ist, wenn beide, (i) und
(ii) positiv sind.

Computerprogrammprodukt, einen durch den Computer lesbaren Code umfassend, der darin enthalten ist, wobei
der durch den Computer lesbare Code konfiguriert ist, sodass bei der Ausfiihrung durch einen geeigneten Computer
oder Prozessor, der Computer oder Prozessor das Verfahren ausfihrt, das in irgendeinem der vorherigen Anspriiche
beschrieben ist.

Vorrichtung zur Verwendung beim Uberwachen fiir niedrige Werte eines physiologischen Kennzeichens einer Per-
son, wobei ein niedriger Wert eines physiologischen Kennzeichens darauf hinweist, dass die Person einen physi-
ologischen Zustand aufweist, oder auf den Grad des physiologischen Zustands der Person hinweist, wobei die
Vorrichtung Folgendes umfasst:

eine Verarbeitungseinheit, die angeordnet ist, um:

einen Wert des physiologischen Kennzeichens (R,) der Person zu empfangen;

zu bestimmen, ob der empfangene Wert des physiologischen Kennzeichens normal ist, durch die Verwen-
dung eines Bereichs einer normalen Variabilitdt des physiologischen Kennzeichens fiir die Person, die
unter Verwendung einer Reihe von vorherigen Werten des physiologischen Kennzeichens fir die Person
berechnet wird, durch:

den Vergleich des Werts des physiologischen Kennzeichens mit oberen und unteren Grenzen (LB,
UB), die den Bereich einer normalen Variabilitat definieren;

dadurch gekennzeichnet, dass

falls der empfangene Wert des physiologischen Kennzeichens unterhalb der unteren Grenze liegt, man
die Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens (Cpgjow).
die unter der unteren Grenze liegen mit einem ersten Schwellenwert (N) vergleicht; und

man bestimmt, dass der empfangene Wert des physiologischen Kennzeichens anormal ist, wenn die
Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens, die unter
der unteren Grenze liegen, groBer oder gleich dem ersten Schwellenwert ist;

man bestimmt, dass der empfangene Wert des physiologischen Kennzeichens normal ist, wenn die
Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens, die unter
der unteren Grenze liegen, kleiner ist, als der erste Schwellenwert; und
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fur den Fall, dass der empfangene Wert des physiologischen Kennzeichens als normal bestimmt wird,
Aktualisieren des Bereichs einer normalen Variabilitat unter Verwendung des empfangenen Werts des
physiologischen Kennzeichens.

15. Vorrichtung zur Verwendung beim Uberwachen fiir hohe Werte eines physiologischen Kennzeichens einer Person,
wobei ein hoher Wert eines physiologischen Kennzeichens darauf hinweist, dass die Person einen physiologischen
Zustand aufweist, oder auf den Grad des physiologischen Zustands der Person hinweist, wobei die Vorrichtung
Folgendes umfasst:

eine Verarbeitungseinheit, die angeordnet ist, um:

einen Wert des physiologischen Kennzeichens (R,) der Person zu empfangen;

zu bestimmen, ob der empfangene Wert des physiologischen Kennzeichens normal ist, durch die Verwen-
dung eines Bereichs einer normalen Variabilitdt des physiologischen Kennzeichens fiir die Person, die
unter Verwendung einer Reihe von vorherigen Werten des physiologischen Kennzeichens fir die Person
berechnet wird, durch:

den Vergleich des Werts des physiologischen Kennzeichens mit oberen und unteren Grenzen (LB,
UB), die den Bereich einer normalen Variabilitat definieren;

dadurch gekennzeichnet, dass

falls der empfangene Wert des physiologischen Kennzeichens oberhalb der oberen Grenze liegt, man
die Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens (C 4 ve).
die oberhalb der oberen Grenze liegen mit einem ersten Schwellenwert (N) vergleicht; und

man bestimmt, dass der empfangene Wert des physiologischen Kennzeichens anormal ist, wenn die
Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens, die ober-
halb der oberen Grenze liegen, groRRer oder gleich dem ersten Schwellenwert ist;

man bestimmt, dass der empfangene Wert des physiologischen Kennzeichens normal ist, wenn die
Anzahl der aufeinanderfolgenden empfangenen Werte des physiologischen Kennzeichens, die ober-
halb der oberen Grenze liegen, kleiner ist, als der erste Schwellenwert; und

fur den Fall, dass der empfangene Wert des physiologischen Kennzeichens als normal bestimmt wird,
Aktualisieren des Bereichs einer normalen Variabilitat unter Verwendung des empfangenen Werts des
physiologischen Kennzeichens.

Revendications

1. Procédé de surveillance des faibles valeurs d’'une caractéristique physiologique d’un sujet, avec une faible valeur
de la caractéristique physiologique indiquant que le sujet a, ou le degré auquel le sujet a, un état physiologique, le
procédé comprenant :

la réception d’une valeur de la caractéristique physiologique (R,) du sujet ;

la détermination si la valeur de caractéristique physiologique regue est normale en utilisant une plage de va-
riabilité normale de la caractéristique physiologique pour le sujet calculée en utilisant un ensemble de valeurs
précédentes de la caractéristique physiologique pour le sujet, par:

comparaison de la valeur de caractéristique physiologique avec les limites supérieure et inférieure (LB,
UB) qui définissent la plage de variabilité normale ;

caractérisé en ce que

si la valeur de caractéristique physiologique recue est inférieure a la limite inférieure, comparaison du
nombre de valeurs de caractéristique physiologique recues consécutives (Cpg o) Qui sont inférieures a la
limite inférieure avec une premiére valeur de seuil (N) ; et

détermination que la valeur de caractéristique physiologique regue est anormale lorsque le nombre de
valeurs de caractéristique physiologique recues consécutives qui sont inférieures a la limite inférieure est
égal ou supérieur a la premiére valeur de seuil ;

détermination de la valeur de caractéristique physiologique recue comme étant normale si le nombre de
valeurs de caractéristique physiologique regues consécutives inférieures a la limite inférieure est inférieur
a la premiére valeur de seuil ; et

dans le cas ou la valeur de caractéristique physiologique regue est déterminée comme étant normale,
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actualisation de la plage de variabilité normale en utilisant la valeur de caractéristique physiologique regue.

2. Procédé selon la revendication 1, dans lequel I'étape d’actualisation de la plage de variabilité normale comprend
I'ajout de la valeur de caractéristique physiologique regue a I'ensemble de valeurs de caractéristique physiologique
précédentes, et le recalcul de la plage de variabilité normale en utilisant 'ensemble de valeurs de caractéristique
physiologique précédentes.

3. Procédé selon les revendications 1 ou 2, dans lequel le procédé comprend en outre I'étape de :

suivi d’une détermination que la valeur de caractéristique physiologique regue est anormale, en déterminant si
le nombre de valeurs de caractéristique physiologique regues consécutives qui sont inférieures a la limite
inférieure est égal a la premiére valeur de seuil, N, et si tel est le cas, retrait d’'une ou plusieurs valeurs de
caractéristique physiologique ajoutées le plus récemment a 'ensemble de valeurs de caractéristique physiolo-
gique précédentes.

4. Procédé selon I'une quelconque des revendications 1 a 3, dans lequel I'étape de détermination si la valeur de
caractéristique physiologique recue est normale comprend :

la détermination que la valeur de caractéristique physiologique regue est normale si la valeur de caractéristique
physiologique regue est supérieure a la limite supérieure.

5. Procédé selon la revendication 4, dans lequel le procédé comprend en outre les étapes de :

suivi d’'une détermination que la valeur de caractéristique physiologique recue est supérieure a la limite supé-
rieure, en comparant le nombre de valeurs de caractéristique physiologique regues consécutives qui sont
supérieures a la limite supérieure de la plage de variabilité normale avec une deuxiéme valeur de seuil, M ; et
si le nombre de valeurs de résistance regues consécutives qui sont supérieures a la limite supérieure dépasse
la deuxiéme valeur de seuil, retrait d’'une ou plusieurs des valeurs de caractéristique physiologique les plus
faibles de I'ensemble de valeurs de caractéristique physiologique précédentes.

6. Procédé selon I'une quelconque des revendications 1 a 5, dans lequel I'étape de détermination si la valeur de
caractéristique physiologique recue est normale comprend :

si la valeur de caractéristique physiologique regue est entre la limite supérieure et la limite inférieure, détermi-
nation si (i) le nombre de valeurs de caractéristique physiologique consécutives entre la limite supérieure et la
limite inférieure qui ont été recues est inférieur ou égal a une troisieme valeur de seuil, Z et (ii) le nombre de
valeurs de caractéristique physiologique consécutives inférieures a la limite inférieure regues immédiatement
avant les valeurs de caractéristique physiologique consécutives regues entre la limite supérieure et la limite
inférieure est supérieur a la premiére valeur de seuil, N ;

détermination que la valeur de caractéristique physiologique regue est normale si un ou les deux (i) et (ii) sont
négatifs ; et

détermination que la valeur de caractéristique physiologique regue est anormale si a la fois (i) et (ii) sont positifs.

7. Procédé de surveillance des valeurs élevées d’une caractéristique physiologique d’un sujet, avec une valeur élevée
de la caractéristique physiologique indiquant que le sujet a, ou le degré auquel le sujet a, un état physiologique, le
procédé comprenant :

la réception d’une valeur de la caractéristique physiologique (R,) du sujet ;

la détermination si la valeur de caractéristique physiologique regue est normale en utilisant une plage de va-
riabilité normale de la caractéristique physiologique pour le sujet calculée en utilisant un ensemble de valeurs
précédentes de la caractéristique physiologique pour le sujet, par:

comparaison de la valeur de caractéristique physiologique avec les limites supérieure et inférieure (LB,
UB) qui définissent la plage de variabilité normale ;

caractérisé en ce que

si la valeur de caractéristique physiologique regue est supérieure a la limite supérieure, comparaison du
nombre de valeurs de caractéristique physiologique recues consécutives (C,,e) Qui Sont supérieures a
la limite supérieure avec une premiére valeur de seuil (N) ; et
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détermination que la valeur de caractéristique physiologique regue est anormale lorsque le nombre de
valeurs de caractéristique physiologique regues consécutives qui sont supérieures a la limite supérieure
est égal ou supérieur a la premiére valeur de seuil ;

détermination de la valeur de caractéristique physiologique recue comme étant normale si le nombre de
valeurs de caractéristique physiologique regues consécutives supérieures a la limite supérieure est inférieur
a la premiére valeur de seuil ; et

dans le cas ou la valeur de caractéristique physiologique regue est déterminée comme étant normale,
actualisation de la plage de variabilité normale en utilisant la valeur de caractéristique physiologique regue.

8. Procédé selon la revendication 7, dans lequel I'étape d’actualisation de la plage de variabilité normale comprend
I'ajout de la valeur de caractéristique physiologique regue a I'ensemble de valeurs de caractéristique physiologique
précédentes, et le recalcul de la plage de variabilité normale en utilisant 'ensemble de valeurs de caractéristique
physiologique précédentes.

9. Procédé selon la revendication 7 ou 8, dans lequel le procédé comprend en outre |'étape de :

suivi d’'une détermination que la valeur de caractéristique physiologique regue est anormale, en déterminant si
le nombre de valeurs de caractéristique physiologique regues consécutives qui sont supérieures a la limite
supérieure est égal a la premiere valeur de seuil, N, et si tel est le cas, retrait d'une ou plusieurs valeurs de
caractéristique physiologique ajoutées le plus récemment a 'ensemble de valeurs de caractéristique physiolo-
gique précédentes.

10. Procédé selon 'une quelconque des revendications 7 a 9, dans lequel I'étape de détermination si la valeur de
caractéristique physiologique recue est normale comprend :

la détermination que la valeur de caractéristique physiologique regue est normale si la valeur de caractéristique
physiologique regue est inférieure a la limite inférieure.

11. Procédé selon la revendication 10, dans lequel le procédé comprend en outre les étapes de :

suivi d’'une détermination que la valeur de caractéristique physiologique regue est inférieure ala limite inférieure,
en comparant le nombre de valeurs de caractéristique physiologique regues consécutives qui sont inférieures
a la limite inférieure de la plage de variabilité normale avec une deuxiéme valeur de seuil, M ; et

si le nombre de valeurs de résistance recues consécutives qui sont inférieures a la limite inférieure dépasse la
deuxiéme valeur de seuil, retrait d’'une ou plusieurs des valeurs de caractéristique physiologique les plus élevées
de 'ensemble de valeurs de caractéristique physiologique précédentes.

12. Procédé selon I'une quelconque des revendications 7 a 11, dans lequel I'étape de détermination si la valeur de
caractéristique physiologique recue est normale comprend :

si la valeur de caractéristique physiologique regue est entre la limite supérieure et la limite inférieure, détermi-
nation si (i) le nombre de valeurs de caractéristique physiologique consécutives entre la limite supérieure et la
limite inférieure qui ont été recues est inférieur ou égal a une troisieme valeur de seuil, Z et (ii) le nombre de
valeurs de caractéristique physiologique consécutives supérieures a la limite supérieure regues immédiatement
avant les valeurs de caractéristique physiologique consécutives regues entre la limite supérieure et la limite
inférieure est supérieur a la premiére valeur de seuil, N ;

détermination que la valeur de caractéristique physiologique regue est normale si un ou les deux (i) et (ii) sont
négatifs ; et

détermination que la valeur de caractéristique physiologique regue est anormale si a la fois (i) et (ii) sont positifs.

13. Produit de programme informatique, comprenant un code lisible par ordinateur mis en oeuvre a l'intérieur de celui-
ci, le code lisible par ordinateur étant configuré de sorte que, lors de I'exécution par un ordinateur ou processeur
adapté, I'ordinateur ou le processeur exécute le procédé décrit dans une quelconque revendication précédente.

14. Appareil de surveillance des faibles valeurs d’une caractéristique physiologique d’un sujet, avec une faible valeur

de la caractéristique physiologique indiquant que le sujet a, ou le degré auquel le sujet a, un état physiologique,
I'appareil comprenant :
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une unité de traitement adaptée pour :

recevoir une valeur de la caractéristique physiologique (R;) du sujet ;

déterminer sila valeur de caractéristique physiologique regue est normale en utilisant une plage de variabilité
normale de la caractéristique physiologique pour le sujet calculée en utilisant un ensemble de valeurs
précédentes de la caractéristique physiologique pour le sujet, par :

comparaison de la valeur de caractéristique physiologique avec les limites supérieure et inférieure
(UB, LB) qui définissent la plage de variabilité normale ;

caractérisé en ce que

si la valeur de caractéristique physiologique regue est inférieure a la limite inférieure, comparaison du
nombre de valeurs de caractéristique physiologique regues consécutives (Cyg,,,) qui sont inférieures
a la limite inférieure avec une premiére valeur de seuil (N) ; et

détermination que la valeur de caractéristique physiologique regue est anormale lorsque le nombre de
valeurs de caractéristique physiologique regues consécutives qui sont inférieures a la limite inférieure
est égal ou supérieur a la premiéere valeur de seuil ;

détermination de la valeur de caractéristique physiologique recue comme étant normale si le nombre
de valeurs de caractéristique physiologique regues consécutives inférieures a la limite inférieure est
inférieur a la premiére valeur de seuil ; et

dans le cas ou la valeur regue de la caractéristique physiologique est déterminée comme étant normale,
actualisation de la plage de variabilité normale en utilisant la valeur de caractéristique physiologique
regue.

15. Appareil de surveillance des valeurs élevées d’une caractéristique physiologique d’un sujet, avec une valeur élevée
de la caractéristique physiologique indiquant que le sujet a, ou le degré auquel le sujet a, un état physiologique,
I'appareil comprenant :

une unité de traitement adaptée pour :

recevoir une valeur de la caractéristique physiologique (R;) du sujet ;

déterminer sila valeur de caractéristique physiologique regue est normale en utilisant une plage de variabilité
normale de la caractéristique physiologique pour le sujet calculée en utilisant un ensemble de valeurs
précédentes de la caractéristique physiologique pour le sujet, par :

comparaison de la valeur de caractéristique physiologique avec les limites supérieure et inférieure (LB,
UB) qui définissent la plage de variabilité normale ;

caractérisé en ce que

si la valeur de caractéristique physiologique regue est supérieure a la limite supérieure, comparaison
du nombre de valeurs de caractéristique physiologique recues consécutives (Cpoye) qui sont supé-
rieures a la limite supérieure avec une premiéere valeur de seuil (N) ; et

détermination que la valeur de caractéristique physiologique regue est anormale lorsque le nombre de
valeurs de caractéristique physiologique regues consécutives (C qui sont supérieures a la limite
supérieure est égal ou supérieur a la premiére valeur de seuil ;

détermination de la valeur de caractéristique physiologique recue comme étant normale si le nombre
de valeurs de caractéristique physiologique regues consécutives supérieures a la limite supérieure est
inférieur a la premiére valeur de seuil ; et

dans le cas ou la valeur regue de la caractéristique physiologique est déterminée comme étant normale,
actualisation de la plage de variabilité normale en utilisant la valeur de caractéristique physiologique
regue.

above)
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Figure 1
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Figure 2
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