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Description

This invention relates to a medical signal analyzer and particularly to an analyzer for use in the monitoring and
processing of medical signals representing selected physiological parameters, and as an aid to interpretation of the
signals.

In a modern hospital environment, many medical instruments are available to sense and display selected physi-
ological parameters of a patient under observation, with information frequently being plotted or displayed as a time-
varying waveform. Such an instrument may additionally incorporate an alarm system which operates by crudely com-
paring a feature of the waveform against a preset threshold, an alarm being raised when the particular measured
feature crosses the threshold. Such a prior system is prone to positive and negative false alarms; that is, raising an
alarm when the patient is in no immediate danger and not raising an alarm when the patient is in danger, respectively.
The false alarm rate can be sufficiently high that in practice, the alarm is frequently ignored or even disabled. The
analysis of the patient's condition using a medical instrument thus relies largely on the human interpretation of a con-
tinuous waveform. Correct interpretation requires specialised training, considerable experience, skill and alertness.
Since it is frequently not possible to make personnel with such experience and training available on the ward on a 24
hour basis, the usefulness of the instrument is diminished.

The paper "Development of an Advisor System for Foetal Diagnosis during Labour" (Proceedings of the Annual
International Conference of the IEEE Engineering in Medicine and Biology Society, vol 10, US pages 1355-1357 A.
Alonso et al) briefly describes work in the field of applying artificial intelligence to foetal diagnosis during labour. The
paper describes the problems in the field but provides no technical information about any solutions.

The paper "Foetos: an expert system for Foetal Assessment" (IEEE Transactions on Biomedical Engineering, vol.
38, no.2 Feb. 1991, pages 199-211, A. Alonso et al) provides a speculative outline of the application of artificial intel-
ligence to foetal assessment in slightly greater detail than in the above paper. A rule based approach is used and the
signals from a CTG are pre-processed according to the definitions given in the appendix on page 210. Insufficient
detail is provided to produce a working system and the paper is concerned largely with the supervision of a foetus
outside labour.

It is an object of the present invention to provide a medical signal analyzer which improves the processing and
aids the interpretation of patient-derived, medical signals.

This is achieved according to the invention by providing a medical signal analyzer comprising: a sensing device
including sensors for measuring the uterine movement and foetal heart rate of a patient under observation during
labour, a data collection device, coupled to the sensing device and arranged to receive and sample an output signal
of the sensing device and to generate digital signals representative of uterine movement and foetal heart rate over a
predetermined time interval, data analysis means operable to recognize in the digital signals received over a signal
link from the data collection device a plurality of predetermined information features, classification means for classifying
at least one of the said features, 1o produce first output signals representative of the existence of such features and
representative of the feature classifications, an inference engine arranged to process the first output signals automat-
ically to produce conclusion signals, and indication means coupled to receive signals produced by the inference engine
to provide an indication of said conclusion signals characterised by the data analysis means further including means
operable periodically to calculate a baseline heart rate value by calculating a plurality of modal values for a respective
plurality of modal ranges of the measured foetal heart rate over a predetermined time interval of the foetal heart rate
and the recognition of the plurality of predetermined information features being performed by automatically analysing
the digital signals in relation to the baseline heart rate value, signal storage means arranged to receive and store the
said first output signals as a short term knowledge base, database storage means for storing reference data as a long
term knowledgebase,and the inference engine being arranged to process signals representative of the short term and
long term knowledge bases automatically to produce the conclusion signals.

An inference engine can be arranged to receive and process signals representative of the short term and long
term knowledge bases automatically to produce conclusion signals, and a display device coupled to receive signals
produced by the inference engine displays a visual indication of the conclusion signals.

Preferably, the indication means includes an explanation device operable to explain the processing in the inference
engine which has led to the current conclusion signals. In this way, the user is elucidated on information which has led
to the current position in the knowledge tree.

The sensing device is preferably a device that senses the uterine pressure of a pregnant woman and foetal electro-
cardiogram (ECG) which can be used to derive foetal heart rate. Such a device, which usually produces a continuous
time-varying, parallel trace indicating uterine pressure andfoetal heart rate called a cardiotocogram (CTG), is commonly
called a CTG monitor. By analysing the signal collected from the sensing device, features comprising time variation of
the parameters may be recognized in the digital signals. These information features may comprise at least one of
baseline heart rate, heart rate variability, heart rate acceleration (i.e. a period of increased heart rate), heart rate de-
celeration (i.e. a period of decreased heart rate), uterine contraction pattern and quality of the output signal of the
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sensing device. The information features may be classified. A heart rate acceleration for example, may be classified
as present or absent, or a heart rate deceleration may be further classified by its size and its timing in relation to uterine
contractions. Patient-specific data may comprise risk factor data such as the risk of meconium, intra-uterine growth
retardation, and antenatal and labour problems such as placental abruption or labour-specific event data such as data
from a foetal blood sample, details of drugs and anaesthesia previously administered to the patient and details of
cervical dilation. The display device may be used in combination with the operator entry interface or interfaces to
interactively interrogate a user to obtain the patient-specific data. The display device may also be used to elucidate
the conclusion signals.

The indication of the conclusion signals preferably comprises a recommended course of action, and may be dis-
played on a CRT. Alternatively lights with or without audible indications may be used to indicate the severity of the
situation. Using a plurality of lights, a severity level may be indicated by assigning varying levels of severity to each
respective light.

Given the baseline heart rate value, a heart rate deceleration may be recognised by quantifying, for a set of the
digital signals all representing a foetal heart rate lower than the baseline heart rate, several parameters. These pa-
rameters are, typically, the period of time for which the heart rate is lower than the baseline heart rate, the magnitude
of the greatest deviation below the baseline heart rate, the variability of the heart rate and the area of the minimum
formed between the heart rate waveform and the baseline heart rate waveform.

The present invention will now be described by way of example, with reference to the drawings in which;

Figure 1 is a block diagram of a medical signal analyzer in accordance with the present invention;

Figure 2 shows a typical foetal heart rate trace;

Figure 3 shows a discontinuous heart rate baseling;

Figure 4 shows a one minute epoch;

Figure 5 shows an epoch with the baseline removed:

Figure 6 shows a statistical frequency distribution of an epoch processed as shown in Figure 5;

Figure 7 shows a typical variability histogram;

Figure 10 shows a typical contraction waveform;

Figure 11 shows a statistical frequency distribution of a contraction waveform;

Figure 12 shows a typical ECG trace with PQRS and T features marked; and

Figure 13 shows a method of interpreting an ST waveform.

Interpreting the output of medical instruments is a complex, yet vital task in modern medical work. The following
is a description of an embodiment of the invention used in a labour ward.

The management of labour is a difficult task, and often involves several clinicians at various levels. Successful
management of labour depends on the continuous assessment of the condition of the foetus as well as other factors,
such as progress of labour, post obstetric history and the maternal condition all of which are important in decision
making. The assessment of the condition of the foetus is typically based on the following:

i) Visual analysis and interpretation of the CTG. The key features of clinical interest in the CTG include baseline

heart rate and variability, number and duration of dips and accelerations in the foetal heart rate the locations and

peaks of contraction, so that episodes of heart rate changes can be related to these peaks.

i) Foetal blood sampling - Certain CTG patterns suggest a possible deterioration in the foetal condition. To deter-

mine if operative delivery is necessary an assessment of the acid/base status of the foetus from a foetal blood

sample (FBS) may be made. Typically, if the pH level of the foetal blood is less than a certain threshold (e.g.7.20)
there is cause for concern. However, foetal blood sampling is intermittent, time consuming, often difficult and can

be stressful for both mother and foetus. Frequently foetal blood sampling is performed unnecessarily and some-
times not performed where necessary. An expert clinician will keep intervention, in the form of foetal blood sampling
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and operative delivery, to a minimum whilst correctly identifying those foetuses who do require action in order to
prevent poor outcome.

Modern technology has yet to provide the clinician with a simple and reliable tool for automatically assessing the
condition of the baby during labour. Current electronic intrapartum recorders simply produce outputs of the foetal heart
rate together with uterine contractions. These outputs require a great deal of experience and physiological knowledge
to interpret appropriately, but this expertise is not available to all labour wards day and night, leading to incidents of
unnecessary medical intervention at birth - 30% of emergency caesarean sections were deemed unnecessary in a
recent study - or more importantly, failure to intervene when necessary which can lead to neurological damage and
mortality. Increasing anxiety about obstetric litigation has resulted in many more interventions. These problems illustrate
the significant practical problems in the full interpretation of the information in a CTG. The problems are complicated
further by the difficulty of maintaining a consistent and adequate level of expertise with constantly changing clinical staff.
For this to succeed, an intelligent, automatic analysis and assessment of the vast amount of information available
before and during labour is required.

Figure 1 shows a medical signal analyzer in accordance with the invention applied to this problem of analyzing
and interpreting a CTG.

In a preferred embodiment of the invention, a data preprocessor (e.g. a conventional CTG recorder) is used to
obtain outputs from a foetal scalp sensor and a uterine pressure sensor 1o obtain the foetal heart rate and uterine
pressure as amplified analogue signals. These signals are digitized by a data collection device 2.

The samples are transmitted to a microprocessor-based system via a data-link.

Some of the features within the CTG which reflect foetal condition are:

1. Baseline heart rate - the heart rate about which the heart rate pattern deviates.
2. Heart rate variability - the amplitude of the high frequency perturbations about the baseline heart rate.

3. Accelerations in heart rate - relatively long term transient increases in heart rate from the baseline, classified
as either present or absent.

4. Decelerations in heart rate - relative long term decreases in heart rate from the baseline, these are further
classified according to their size and to their timing in relation to contractions.

5. The contraction pattern.

Another factor to be considered is the quantity of noise present in the signals.

Feature recognition and classification of the five features is performed by a data analysis device 4a, 4b, 4c as
described below.

It has been found that a neural network may be used to classify decelerations in heart rate dependent on several
variables. Such an approach requires an expert to train the network by example and therefore removes the need to
formalize the methods. To reduce the requirement for processor power, at least some of the recognition and classifi-
cation is undertaken by 'non-neural network' means which do not need training with example sets of data and which
are written with initially predetermined or preset relationships pre-programmed into them.

In the embodiment described below, recognition and classification is carried out using entirely non-neural network
means.

Baseline Heart rate

The baseline foetal heart rate is assessed for a 10 minute period (or window) of heart rate recording. A typical
foetal heart rate trace is shown in Figure 2. A statistical frequency distribution is constructed for the heart rate samples
within the 10 minute window. The baseline is approximately established by stepping through the heart rate range in
10 bpm windows (i.e. 1-10 bpm followed by 2-llbpm etc.) and then finding the most densely populated or modal range
of 10 bpm within the frequency distribution.

i=j+10

modal rangel,.;.,, = max | E (£(x;)) |33
1=7
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Where j is incremented in steps of 1 and f(x;) is the frequency of occurrence of the x; heartrate.

To save processing time, the range from 50bpm downwards may be ignored. The modal heart rate within the above
established modal range is then found and used as the value of the baseline heart rate for the interval 2.5 mins to 7.5
mins within the 10 minute window. By using a two-stage assessment of the heart rate, the effects of noise caused, for
example, by disconnection of the heart rate transducer, are minimized.

After calculating the baseline heart rate for a 10 minute window, the 10 minute assessment window is incremented
in time by 5 minutes. The heart rate data collected from the oldest 5 minute period are removed from the frequency
distribution, and the new data added. The same process is employed to ascertain the modal range and thence the
baseline heart rate for the period 2.5 mins to 7.5 mins within the new position of the 10 minute window.

This baseline heart rate value is not always adhered to. Since there is a lag of some minutes between the received
signal from the transducers and the averaged output, it may be necessary to follow the signal from the transducers
more closely under certain circumstances. This is the case when the heart rate falls rapidly. A baseline heart rate
calculation as described above will reflect the fall, but only several minutes after the event. In this case, experience
shows that urgent action should be taken and the baseline heart rate is therefore caused to track closely the input
signal and to discard the averaged value under certain circumstances.

The baseline heart rate for the second interval may not be the same as for the first. This possible discontinuity is
resolved by identifying the point where the trace begins to diverge from the baseline of the first interval and the point
where the trace and baseline converge back again during the second. The points are identified after the first and second
baseline heart rates have been calculated and the points are found by detecting a large deviation between two con-
secutive baseline heart rate calculations and then tracking along the data values representing the heart trace until the
trace in each case is within a predetermined distance from the calculated baseline rate. The baseline within a transition
region between the points is the equation of the curve joining the identified points of divergence and convergence.

The process of dealing with a discontinuous baseline rate value is shown in Figure 3.

After points 1 and 2 have been identified, the equation of the curve joining them is calculated which is then taken
as the transitional baseline heart rate.

Heart rate variability

This refers to the maximum amplitude of irregular fluctuations assessed within epochs in the order of one minute,
seen on the CTG between periodic changes such as accelerations and decelerations from the baseline heart rate. The
variability can be assessed as the peak to peak variation about the local baseline, not necessarily the actual baseline
heart rate, of the trace for the minute epoch. By collectively combining the interpretation from all such epochs within
the section of trace under consideration, it is possible to obtain a measure of the foetal heart rate variability.

The analyser operates by taking a 15 minute section of heart rate recording, identifying all periodic changes (i.e.
accelerations and decelerations - see below) in the heart rate section and excluding them from the analysis. A one
minute assessment window is then passed over the remaining sections. The heart rate data within the window will lie
on the local baseline which has the equation

y=PBx-a

A one minute epoch is shown in Figure 4.

The one minute heart rate trace will lie upon a local baseline whose equation can be found using regression
analysis.

The gradient B is calculated using regression analysis.

and « is found using
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where n is the number of heart rate samples within the one minute window and x and x; and y and y, are the abscissa
and ordinate coordinates respectively (i.e time and heart rate).

The equation of this line can then be subtracted from the heart rate samples to transform the data about a zero
baseline thereby removing the local baseline. Figure 5 shows an epoch processed in this way.

The statistical frequency distribution of these converted samples is then constructed and heart rate variations
corresponding to the statistical 5% and 95% levels are found. The difference between these heart rates represents an
assessment of heart rate variability. A representation of the frequency distribution is shown in Figure 6.

The heart rate variability measurement is then symbolically grouped into the following classifications:

Variability | Classification
0-2 Absent
3-5 Reduced
6 -25 Normal
> 25 Increased

This process is carried out on all one minute epochs free from accelerations and decelerations within a 15 minute
period of tracing. A histogram of the results is then plotted. A typical histogram is shown in Figure 7.

Rules for interpreting the histogram are shown in flow diagram form in Figure 8 (A is the number of epochs with
Absent Variability, R with Reduced Variability and | with Increased Variability). An assessment of the overall heart rate
variability can be obtained with the above rules.

Periodic Changes - Accelerations and Decelerations

Accelerations and decelerations are termed periodic changes. An Acceleration is a temporary increase in foetal
heart rate from the basal heart rate, with a corresponding return. The complete event can last up to several minutes
but is often less. These tend to be a positive indication. A deceleration is a temporary decrease in the foetal heart rate
from the baseline heart rate, with a corresponding return. Decelerations can be further classified according to their
timing in relation to contractions as, simultaneous or lagging (obstetrically termed early or late) as well as the severity
of the deceleration, termed mild or severe. A further classification of variable decelerations depend both on shape and
timing.

It is possible to define a periodic change as being a departure from the baseline of x bpm (typically x is 10 - 15
bpm) for a minimum period (typically greater than 15 seconds). Further classifications may be made between mild and
severe using higher thresholds.

These methods were implemented but were found not to be representative of an expert clinician.

During episodes of high variability the methods identified features which were not considered as being genuine
decelerations but rather the result of a highly reactive heart rate pattern. Further, during recording periods for which
the variability was absent or reduced, the methods employed failed to identify features which the expert obstetrician
immediately recognised as shallow decelerations. This latter point is extremely pertinent as some ominous heart rate
tracings associated with the severely compromised foetus can have absent variability with shallow (a departure of 5 -
7 bpm) decelerations.

The criteria employed have therefore been varied from that above and the departure heart rate threshold for defining
a deceleration or acceleration has been made a function of the current variability as well as the other variables normally
used. A further variable, the area A, of the feature is also calculated. With this additional information, knowledge of the
shape of the feature can be inferred.

A typical deceleration is shown in Figure 9. The interval {5 _ t, is the duration of the deceleration and A is the area
of the deceleration below the baseline. d, is the maximum departure from the baseline and is positive for accelerations
and negative for decelerations.

Accelerations are detected when t, -t > 15 seconds, d, > +15bpm, and the area A above the baseline heart rate
is greater than 112.5 square units or lost beats (bpm x time). One approach is to calculate the area of the smallest
isosceles triangle that can be constructed with the thresholds indicated which has the effect of removing shapes without
a sufficiently rapid rate of ascent from the baseline to the peak of the acceleration, and descent from this peak back
to the baseline. Alternatively the actual area of the acceleration may be calculated using conventional techniques.

Decelerations, are detected when tg - t, > 15 seconds and the departure heart rate d,,, < - 15 bpm for normal
variability, < -10 bpm for reduced variability, < -5 bpm for absent variability and < -20 bpm for increased variability.

An alternative approach to identifying decelerations is to look for a fall in the fetal heart rate below the baseline of
more than 10bpm for more than 15 seconds with an area greater than 5 lost beats. Such a deceleration may then be
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classified as severe if its area is greater than 20 lost beats. This algorithm may be improved by also taking account of
the context of the deceleration, i.e. the surrounding variability, since this may be an indication of a poor contact for the
ECG transducer apart from foetal factors which may influence variability.

As a further alternative and as mentioned above, a neural network may be used to classify decelerations. The
network must be trained with a training set of sample decelerations prior to use. For complex waveforms, the number
of nodes required, the need to find an exhaustive set of training examples and the time taken for the network to converge
to a solution during training are prohibitive. By simplifying the inputs to the network, these overheads may be reduced
to practical levels. One method of doing this involves the use of an algorithm for pre-processing the heart rate signal
to identify possible decelerations and to measure the area, depth and duration of the deceleration and to measure the
variability surrounding it. This information is then fed to the input nodes of the network. The network has three outputs
to classify the feature as either a deceleration, not a deceleration or a severe deceleration. In this embodiment, the
network therefore requires four input nodes and three output nodes. It has been found empirically that upwards of five
middle nodes are required to achieve accurate and stable classification of a deceleration in this way.

Having classified a deceleration, the classification still needs considering in the light of contraction information.

Contractions

The location and magnitude of the contractions are important in categorising heart rate decelerations as well as
monitoring the administration of oxytocic drugs used to control the augmentation of labour.

The analogue signal obtained from the contraction transducer and is then digitised by the monitoring equipment
at a sampling frequency of 1 Hz.

Firstly with reference to Figure 10, a ground level from which the contraction is referenced is established.

A 2 minute window is stepped across the contraction samples with a step size of 1 minute. The frequency distri-
bution of the samples within the 2 minute window is established. The ground level is taken to be the contraction sample
value at the lower 5% cumulative frequency mark. Figure 11 shows a statistical frequency distribution of the contraction
samples within the window, with the 5% ground level marked. Taking this value rather than the minimum sample within
the window reduces the effects caused by spurious noise samples. This function could be undertaken by a low-pass
filter.

Once the ground level is established the contraction can be identified as a significant increase with a corresponding
decrease back or near to the ground level. Hence the start, end and peak of contraction can be established. This
complete episode lasts in the order of minutes which is a useful fact for discriminating between noise transients and
other artifacts from genuine contractions. The level (i.e. the onset and end level) at which the increase is deemed
significant is dependent on the spread or standard deviation of the frequency distribution since this is an indicator of
the quality of the signal. A very narrow distribution would be indicative of a poor contact of the transducer.

The features extracted from the CTG together with information specific to the pregnancy are stored in signal storage
means 6. This information represents short term knowledge pertaining to the patient, which is then processed by an
expert system comprising an inference engine 8 and a database 10 which contains a long term medical knowledge base.

The medical knowledge base has been constructed using many production rules. These are obtained from knowl-
edge elicitation exercises performed with experts.

These rules provide the interpretation of the condition of the foetus based on the short term knowledge and can be
used to indicate a level of concern for foetal well-being. These rules can also be used to suggest an appropriate form
of action.

The inference engine applies this long term knowledge to the short-term knowledge using a forward and backward
chaining strategy. The inference engine may forward chain with information previously established; for example infor-
mation automatically extracted from the CTG, or information obtained interactively with the midwife (the administration
of drugs, FBS results progress of the labour etc) via an operator entry interface 12a, 12b. When further information is
required, the inference engine reverts to backward chaining until a goal is found. Recommendations and/or requests
for further operator entry via the interface 12, are displayed on a display device 16. An explanation device 14 elucidates
on information which has led to the current position in the knowledge tree.

Given the complexity of labour, foetal heart rate monitoring alone is not adequate for predicting the condition of
the foetus. The addition of more variables will improve sensitivity - currently only foetal scalp blood pH is available, but
at best, sampling is performed only intermittently and many medical units do not have scalp sampling facilities. The
foetal ECG waveform itself can provide extra useful information. A combination of ECG variables has been shown to
be more predictive of foetal acidosis than one variable alone. Further, the assessment of other information such as
uterine activity, cervical dilation, progress of labour and antecedent factors is also important in deciding what course
of action to take.

Information relating to progressive changes inthe ST waveform in the presence of CTG abnormalities better identify
a compromised foetus than the CTG alone. A method for interpreting this information is shown in Figure 13. This
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technique is likely to reduce foetal blood sampling and has been shown to reduce unnecessary operative intervention.

It will be understood by the skilled man that the figures given above for thresholds are to be taken as approximate

indications only, and that these figures may be varied in order to adjust the operation of the analyser.

Claims

1.

A medical signal analyzer comprising:

a sensing device (1) including sensors for measuring the uterine movement and foetal heart rate of a patient
under observation during labour,

a data collection device (2), coupled to the sensing device and arranged to receive and sample an output
signal of the sensing device and to generate digital signals representative of uterine movement and foetal
heart rate over a predetermined time interval,

data analysis means (4c) operable to recognize in the digital signals received over a signal link from the data
collection device a plurality of predetermined information features,

classification means (4a, 4c) for classifying at least one of the said features, to produce first output signals
representative of the existence of such features and representative of the feature classifications,

an inference engine (8) arrangedto process the first output signals automatically to produce conclusion signals,
and

indication means (14, 16) coupled to receive signals produced by the inference engine (8) to provide an indi-
cation of said conclusion signals

characterised by

the data analysis means (4c¢) further including means operable periodically to calculate a baseline heart rate
value by calculating a plurality of modal values for a respective plurality of modal ranges of the measured
foetal heart rate over a predetermined time interval of the foetal heart rate and the recognition of the plurality
of predetermined information features being performed by automatically analysing the digital signals in relation
to the baseline heart rate value,

signal storage means (6) arranged to receive and store the said first output signals as a short term knowledge
base,

database storage means for storing reference data as a long term knowledge base, and

the inference engine (8) being arranged to process signals representative of the short term and long term
knowledge bases automatically to produce the conclusion signals.

An analyser according to claim 1, further comprising at least one operator entry interface (12a, 12b) including
means for entering patient-specific data to produce second output signals and wherein the signal storage means
is coupled to the or each entry interface and is arranged to receive and store the second output signals in the short
term knowledge base.

A signal analyser according to claim 2, wherein the indication of the conclusion signals comprises a recommen-
dation and/or request for operator entry via the operator entry interface (12a, 12b).

A signal analyzer according to any preceding claim, wherein the classification means is operable to classify a heart
rate deceleration as present or absent and if present, its size, and timing in relation to uterine contractions.

A signal analyzer according to any preceding claim, wherein the data analysis means (4c) includes means for
generating an adjusted baseline heart rate value which deviates from the normally calculated value when prede-
termined features of the digital signal are recognized.

A signal analyzer according to any preceding claim, wherein one of the information features is a heart rate decel-
eration and wherein recognition is performed by quantifying, for a set of the digital signals representing a foetal
heart rate lower than the baseline heart rate, at least one of: the period of time for which the heart rate is lower
than the baseline heart rate, the magnitude of the greatest deviation below the baseline heart rate, the variability
of the heart rate, and the area encompassed by a heart rate waveform represented by the set and a waveform
representation of the portion of baseline heart rate corresponding to the start and finish of the set.
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A signal analyzer according to claim 6. wherein the recognition of a heart rate deceleration includes comparing
the greatest deviation below the baseline heart rate with a predetermined threshold and in which the threshold is
variable according to the variability of the heart rate.

A signal analyser according to claim 6 or claim 7, wherein a deceleration which has been recognised is classified
at least as a normal or severe deceleration and wherein the classification is performed by a neural network.

A signal analyzer according to any preceding claim, wherein one of the information features is a heart rate accel-
eration and wherein recognition is performed by quantifying, for a set of the digital signals representing a foetal
heart rate higher than the baseline heart rate, at least one of: the period of time for which the heart rate is higher
than the baseline heart rate, the magnitude of the greatest deviation above the baseline heart rate, the variability
of the heart rate and the area encompassed by the heart rate waveform represented by the set and a waveform
representation of the portion of baseline heart rate corresponding to the start and finish of the set.

A signal analyzer according to any preceding claim, wherein one of the information features is heart rate variability
and wherein classification is performed by processing a set of the digital signals representing foetal heart rate to
produce a local baseline heart rate using regression analysis, subtracting the local baseline heart rate from the
set to transform the set about a zero baseline, calculating the statistical distribution of the transformed set and
calculating the difference between two predetermined variance levels of the statistical frequency distribution.

A signal analyser according to claim 10, wherein the classification of variability includes selecting the set of digital
signals from a portion of the heart rate waveform not having a deceleration or acceleration.

A signal analyser according to any preceding claim, wherein one of the information features is a uterine contraction,
and wherein the recognition is performed by deriving a ground level value by finding the value of the uterine move-
ment signal at a predetermined variance level of the statistical frequency distribution of a first set of the digital
signals representing uterine movement and quantifying, for a second set of the digital signals representing a uterine
movement signal deviating by more than a predetermined amount from the ground level, at least one of: the period
of time for which the movement signal deviates from the ground level, the magnitude of the greatest deviation from
the ground level, and the area encompassed by a uterine movement waveform represented by the second set and
a waveform representation of the portion of the ground level corresponding to the start and finish of the second set.

A signal analyzeraccording to any preceding claim, wherein the sensing device (1) includes a sensor for measuring
a foetal ECG and wherein the data collection device (2) is arranged to produce a digital signal representative of
the ST waveform of a measured ECG, and in which the inference engine (8) is operable to process signals rep-
resentative at least of foetal heart rate and the ST waveform to produce the conclusion signals.

A signal analyzer according to any preceding claim, wherein the indication means includes an explanation device
(14) operable to explain the processing in the inference engine (8) which has led to the current conclusion signals.

Patentanspriiche

1.

Ein medizinischer Signalanalysator umfassend:

eine Sensorvorrichtung (1) mit Sensoren zum Messen der Uterusbewegung und fétalen Herzfrequenz eines
wahrend der Arbeit unter Beobachtung stehenden Patienten,

eine Datensammelvorrichtung (2), die mit der Sensorvorrichtung gekoppelt ist und zum Empfangen und Ab-
tasten eines Ausgangssignals der Sensorvorrichtung ausgelegt ist und zum Erzeugen von die Uterusbewe-
gung und die fétale Herzfrequenz in einem vorbestimmten Zeitintervall wiedergebenden digitalen Signalen,
Datenanalysemittel (4¢), die so betreibbar sind, daf3 sie eine Vielzahl von vorbestimmten Informationsmerk-
malen in den digitalen Signalen erkennen, die lber eine Signalverbindung von der Datensammelvorrichtung
empfangen wurden,

Klassifizierungsmittel (4a, 4c) zum Klassifizieren von mindestens einem der Merkmale, um erste Ausgangs-
signale zu erzeugen, die die Existenz dieser Merkmale und die Merkmalsklassifikationen wiedergeben,

eine Interferenzmaschine (8), die zum automatischen Verarbeiten der ersten Ausgangssignale zum Erzeugen
von Aussagesignalen ausgelegt ist, und

Anzeigemittel (14, 16) die so angeschlossen sind, daf sie von der Interferenzmaschine (8) produzierte Signale
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empfangen, um eine Anzeige der Aussagesignale zu liefern,

dadurch gekennzeichnet, daf3 die Datenanalysemittel (4¢c) des weiteren periodisch betreibbare Mittel umfassen,
um einen Basisherzfrequenzwert zu berechnen, indem eine Vielzahl von Modalwerten fir eine entsprechende
Vielzahl von Modalbereichen der gemessenen fétalen Herzfrequenz in einem vorbestimmten Zeitintervall der -
talen Herzfrequenz berechnet wird, und die Erkennung der Vielzahl von vorbestimmten Informationsmerkmalen
durch automatisches Analysieren der digitalen Signale in Bezug zu dem Basisherzfrequenzwert durchgefiihrt wird,

daB Signalspeichermittel (6) zum Empfangen und Speichern der ersten Ausgangssignale als Kurzzeit-Wis-
sensbasis vorgesehen sind,

daB Datenbasisspeichermittel zum Speichern von Referenzdaten als Langzeit-Wissensbasis vorgesehen sind
und

daf die Interferenzmaschine (8) zum automatischen Verarbeiten von die Kurzzeit- und Langzeit-Wissenbasis
wiedergebenden Signalen ausgelegt ist, um die Aussagesignale zu produzieren.

Ein Analysator nach Anspruch 1, des weiteren umfassend mindestens eine Eingangsschnittstelle (12a, 12b) fir
einen Benutzer mit Mitteln zum Eingeben von patientenspezifischen Daten zum Produzieren von zweiten Aus-
gangssignalen und wobei die Signalspeichermittel mit der oder mit jeder Eingangsschnittstelle gekoppelt sind und
zum Empfangen und Speichern der zweiten Ausgangssignale in der Kurzzeit-Wissensbasis ausgelegt sind.

Ein Signalanalysator nach Anspruch 2, wobei die Anzeige der Aussagesignale eine Empfehlung und/oder eine
Nachfrage fur die Benutzereingabe eines Bedieners Uber die Eingangsschnitistelle (12a, 12b) fiir den Benutzer
umfaft.

Ein Signalanalysator nach einem der vorangehenden Anspriiche, wobei die Klassifikationsmittel so betreibbar
sind, daf3 die Anwesenheit oder Abwesenheit einer Herzfrequenzverlangsamung klassifiziert werden und im Falle
der Anwesenheit einer Herzfrequenzverlangsamung ihre GréBe und zeitliche Beziehung zu Uteruskontraktionen
klassifiziert werden.

Ein Signalanalysator nach einem der vorhergehenden Anspriiche, wobei die Datenanalysemittel (4¢c) Mittel zum
Generieren eines angepaften Basisherzfrequenzwertes umfassen, der von dem normalerweise berechneten Wert
abweicht, wenn vorbestimmte Merkmale des digitalen Signals erkannt werden.

Ein Signalanalysator nach einem der vorhergehenden Anspriiche, wobei eines der Informationsmerkmale eine
Herzfrequenzverlangsamung ist und wobei die Erkennung durch Quantifizieren eines Sets der digitalen Signale
erfolgt, die eine geringere fétale Herzfrequenz darstellen als die Basisherzfrequenz, nach mindestens einem der
Parameter: die Zeitdauer, fiir die die Herzfrequenz niedriger als die Basisherzirequenz ist, die GréBe der gréBten
Abweichung unterhalb der Basisherzfrequenz, die Variabilitdt der Herzfrequenz und die Flache, die durch eine
durch das Set dargestellte Herzfrequenzwellenform und eine Wellenformdarstellung des dem Anfang und dem
Ende des Sets entsprechenden Teils der Basisherzirequenz eingeschlossen ist.

Ein Signalanalysator nach Anspruch 6, wobei die Erkennung der Herzfrequenzverlangsamung das Vergleichen
der gréBten Abweichung unterhalb der Basisherzfrequenz mit einem vorbestimmten Schwellwert umfait und wo-
bei der Schwellwert entsprechend der Variabilitat der Herzfrequenz variabel ist.

Ein Signalanalysator nach Anspruch 6 oder 7, wobei eine erkannte Verlangsamung zumindest als eine normale
oder schwere Verlangsamung klassifiziert wird und wobei die Klassifizierung durch ein neuronales Netzwerk durch-
geflhrt wird.

Ein Signalanalysator nach einem der vorhergehenden Anspriiche, wobei eines der Informationsmerkmale eine
Herzfrequenzbeschleunigung ist und wobei die Erkennung durch Quantifizieren eines Sets der digitalen Signale
erfolgt, die eine hdhere fdtale Herzfrequenz darstellen als die Basisherzirequenz, nach mindestens einem der
Parameter: die Zeitdauer, fur die die Herzfrequenz hoéher ist als die Basisherzfrequenz, die GréBe der gréBten
Abweichung oberhalb der Basisherzfrequenz, die Variabilitat der Herzfrequenz und die Flache, die durch die durch
das Set dargestellte Herzfrequenzwellenform und eine Wellenformdarstellung des dem Anfang und dem Ende
des Sets entsprechenden Teils der Basisherzirequenz eingeschlossen ist.

10. Ein Signalanalysator nach einem der vorhergehenden Anspriiche, wobei eines der Informationsmerkmale die
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Herzfrequenzvariabilitat ist und wobei eine Klassifikation durch Verarbeitung eines Sets der digitalen Signale er-
folgt, die die f6tale Herzfrequenz wiedergeben, um eine lokale Basisherzfrequenz zu produzieren, wobei eine
Regressionsanalyse verwendet wird, die lokale Basisherzfrequenz von dem Set subtrahiert wird, um das Set auf
eine Null-Basislinie zu transformieren, die statistische Verteilung des transformierten Sets berechnet wird und die
Differenz zwischen zwei vorbestimmten Varianzleveln der statistischen Frequenzverteilung berechnet wird.

Ein Signalanalysator nach Anspruch 10, wobei die Klassifikation der Variabilitat das Auswahlen des Set von digi-
talen Signalen aus einem Abschnitt der Herzfrequenzwellenform ohne Verlangsamung oder Beschleunigung um-
faBt.

Ein Signalanalysator nach einem der vorhergehenden Anspriiche, wobei eines der Informationsmerkmale eine
Uteruskontraktion ist und wobei die Erkennung durch Ableitung eines Grundlevelwerts durchgefihrt wird, indem
der Wert des Uterusbewegungssignals bei einem vorbestimmten Varianzlevel der statistischen Frequenzverteilung
eines ersten Sets von digitalen Signalen aufgefunden wird, die die Uterusbewegung wiedergeben, und durch
Quantifizieren eines zweiten Sets der digitalen Signale, die ein Uterusbewegungssignal wiedergeben, das mehr
als ein bestimmter Betrag von dem Grundlevel abweicht, nach mindestens einem der Parameter: die Zeitdauer,
far die das Bewegungssignal von dem Grundlevel abweicht, die GréBe der gréten Abweichung vom Grundlevel
und die von der Uterusbewegungswellenform, die durch das zweite Set wiedergegeben wird, und eine Wellenform,
die den dem Anfang und dem Ende des zweiten Sets entsprechenden Teil des Grundlevels wiedergibt, einge-
schlossene Flache.

Ein Signalanalysator nach einem der vorhergehenden Anspriiche, wobei die Sensorvorrichtung (1) einen Sensor
zum Messen eines fétalen EKGs umfaBt und wobei die Datensammelvorrichtung (2) zum Produzieren eines fir
die ST-Wellenform des gemessenen EKGs reprasentativen digitalen Signals ausgelegt ist und wobei die Interfe-
renzmaschine (8) zum Verarbeiten von Signalen, die zumindest die fétale Herzfrequenz und die ST-Wellenform
wiedergeben, betreibbar ist, um die Aussagesignale zu produzieren.

Ein Signalanalysator nach einem der vorhergehenden Anspriiche, wobei die Anzeigemittel eine Erklarungsvor-
richtung (14) umfassen, die zum Erklaren der Verarbeitung in der Interferenzmaschine (8), die zu den akiuellen
Aussagesignalen gefiihrt hat, betreibbar ist.

Revendications

1.

Analyseur de signaux médicaux comprenant :

un dispositif de détection (1) comprenant des capteurs pour mesurer le mouvement de |'utérus et le rythme
cardiaque foetal d'une patiente en observation pendant le travail,

un dispositif de collecte de données (2), couplé au dispositif de détection et agencé pour recevoir et échan-
tillonner un signal de sortie du dispositif de détection et pour produire des signaux numériques représentatifs
du mouvement de l'utérus et du rythme cardiaque foetal sur un intervalle de temps prédéterminé,

des moyens d'analyse de données (4c) pouvant étre mis en oeuvre pour reconnaitre dans les signaux numé-
riques recus sur une chaine de signaux en provenance du dispositif de collecte de données une multiplicité
de caractéristiques d'information prédéterminées,

des moyens de classification (4a, 4¢) pour classifier au moins I'une desdites caractéristiques, pour produire
des premiers signaux de sortie représentatifs de I'existence de telles caractéristiques et représentatifs des

classifications de caractéristiques,

un moteur d'inférence (8) agencé pour traiter les premiers signaux de sortie pour produire automatiquement
des signaux de conclusion, et,

des moyens d'indication (14, 16) couplés pour recevoir des signaux produits par le moteur d'inférence (8) pour
procurer une indication desdits signaux de conclusion,

caractérisé en ce que
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les moyens d'analyse de données (4¢) comprennent en outre des moyens pouvant étre mis en oeuvre pour
calculer périodiquement une valeur de rythme cardiaque de référence en calculant une multiplicité de valeurs
modales pour une multiplicité respective de plages modales du rythme cardiaque foetal mesuré sur un inter-
valle de temps prédéterminé du rythme cardiaque foetal et la reconnaissance de la multiplicité des caracté-
ristiques d'information prédéterminées est effectuée en analysant automatiquement les signaux numériques
relatifs & la valeur du rythme cardiaque de référence,

en ce que des moyens de stockage de signaux (6) sont agencés pour recevoir et stocker lesdits premiers
signaux de sortie en tant que base de connaissance & court terme,

en ce que des moyens de stockage de bases de données sont agencés pour stocker des données de référence
en tant que base de connaissance a long terme, et

en ce que le moteur d'inférence (8) est agencé pour traiter des signaux représentatifs des bases de connais-
sance a court terme et & long terme pour produire automatiquement les signaux de conclusion.

Analyseur selon la revendication 1, comprenant en outre au moins une interface d'entrée d'opérateur (12a, 12b)
comprenant des moyens pour entrer des données spécifiques a la patiente pour produire des deuxiémes signaux
de sortie, et dans lequel les moyens de stockage de signaux sont couplés a la ou a chaque interface d'entrée et
sont agencés pour recevoir et stocker les deuxiémes signaux de sortie dans la base de connaissance a courtterme.

Analyseur de signaux selon la revendication 2, dans lequel l'indication des signaux de conclusion comprend une
recommandation et/ou une demande pour une entrée d'opérateur par l'intermédiaire de l'interface d'entrée d'opé-
rateur (12a, 12b).

Analyseur de signaux selon 'une des revendications précédentes, dans lequel les moyens de classification peu-
vent &tre mis en oeuvre pour classifier une décélération du rythme cardiaque en tant que présente ou absente et,
si elle est présente, son importance et sa synchronisation par rapport aux contractions de l'utérus.

Analyseur de signaux selon |'une des revendications précédentes, dans lequel les moyens d'analyse de données
(4c) comprennent des moyens pour produire une valeur de rythme cardiaque de référence ajustée, qui s'écarte
de la valeur normalement calculée lorsque sont reconnues des caractéristiques prédéterminées du signal numé-
rique.

Analyseur de signaux selon I'une des revendications précédentes, dans lequel I'une des caractéristiques d'infor-
mations est une décélération du rythme cardiaque et dans lequel une reconnaissance est effectuée en quantifiant,
pour un groupe de signaux numériques représentant un rythme cardiaque foetal inférieur au rythme cardiaque de
référence, au moins une des périodes de temps pour laquelle le rythme cardiaque est inférieur au rythme cardiaque
de référence, la valeur du plus grand écart en-dessous du rythme cardiaque de référence, la variabilité du rythme
cardiaque et la zone couverte par une forme d'onde de rythme cardiaque représentée par le groupe et une repré-
sentation de la forme d'onde de la portion du rythme cardiaque de référence correspondant au début et a la fin
du groupe.

Analyseur de signaux selon la revendication 6, dans lequel la reconnaissance d'une décélération du rythme car-
diaque comprend la comparaison du plus grand écart en-dessous du rythme cardiaque de référence avec un seulil
prédéterminé et dans lequel le seuil est variable en fonction de la variabilité du rythme cardiaque.

Analyseur de signaux selon la revendication 6 ou la revendication 7, dans lequel une décélération qui a été re-
connue est classifiée au moins en tant que décélération normale ou décélération sérieuse et dans lequel la clas-
sification est effectuée par un réseau neural.

Analyseur de signaux selon I'une des revendications précédentes, dans lequel I'une des caractéristiques d'infor-
mations est une accélération du rythme cardiaque et dans lequel une reconnaissance est effectuée en quantifiant,
pour un groupe de signaux numériques représentant un rythme cardiaque foetal supérieur au rythme cardiaque
de référence, au moins l'une des grandeurs suivantes : la période de temps pendant laquelle le rythme cardiaque
est supérieur au rythme cardiaque de référence, la valeur du plus grand écart au-dessus du rythme cardiaque de
référence, la variabilité du rythme cardiaque et la zone recouverte par la forme d'onde du rythme cardiaque re-
présentée par le groupe et une représentation de forme d'onde de la portion du rythme cardiaque de référence
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correspondant au début et a la fin du groupe.

Analyseur de signaux selon I'une des revendications précédentes, dans lequel I'une des caractéristiques d'infor-
mations est la variabilité du rythme cardiaque et dans lequel une classification est effectuée en traitant un groupe
de signaux numériques représentant le rythme cardiaque foetal pour produire un rythme cardiaque de référence
local en utilisant un analyse par régression, en soustrayant le rythme cardiaque de référence local du groupe pour
transformer le groupe autour d'une référence zéro, en calculant la distribution statistique du groupe transformé et
en calculant la différence entre deux niveaux de variance prédéterminés de la distribution statistique des fréquen-
ces.

Analyseur de signaux selon la revendication 10, dans lequel la classification de la variabilité consiste a sélectionner
le groupe de signaux numériques a partir d'une portion de la forme d'onde du rythme cardiaque ne présentant
aucune décélération ni accélération.

Analyseur de signaux selon I'une des revendications précédentes, dans lequel I'une des caractéristiques d'infor-
mations est une contraction utérine et dans lequel la reconnaissance est effectuée en dérivant une valeur de
niveau de base en trouvant la valeur du signal des mouvements utérins pour un niveau de variance prédéterminé
de la distribution statistique des fréquences d'un premier groupe de signaux numériques représentant les mouve-
ments utérins et en quantifiant, pour un deuxiéme groupe de signaux numériques représentant un signal de mou-
vement utérin s'écartant de plus d'une quantité prédéterminée du niveau de base, au moins l'une des grandeurs
suivantes : la période de temps pendant laquelle le signal de mouvement utérin s'écarte du niveau de base, la
grandeur du plus grand écart par rapport au niveau de base, et la zone recouverte par une forme d'onde de
mouvement utérin représenté par le deuxiéme groupe et une représentation de la forme d'onde de la portion du
niveau de base correspondant au début et & la fin du deuxiéme groupe.

Analyseur de signaux selon 'une des revendications précédentes, dans lequel le dispositif de détection (1) com-
prend un capteur pour mesurer un ECG foetal et dans lequel le dispositif de collecte des données (2) est agencé
pour produire un signal numérique représentant la forme d'onde ST d'un ECG mesuré, et dans lequel le moteur
d'inférence (8) peut &tre mis en oeuvre pour traiter des signaux représentatifs d'au moins un rythme cardiaque
foetal et la forme d'onde ST pour produire les signaux de conclusion.

Analyseur de signaux selon I'une des revendications précédentes, dans lequel les moyens d'indication compren-

nent un dispositif d'explication (14) pouvant étre mis en oeuvre pour expliquer le traitement dans le moteur d'in-
férence (8) qui a conduit aux signaux de conclusion actuels.
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