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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method and an apparatus for monitoring a condition of a patient under
anesthesia or sedation, while, in particular, information acquired from different sources in the patient is utilized.

BACKGROUND OF THE INVENTION

[0002] Concept of the depth of anesthesia has been of interest for recent decades, and several measures have been
proposed to assess the depth of anesthesia. Recently, however, this unitary anesthesia theory of the existence of one-
dimensional concept called "depth of anesthesia" has been strongly criticized as oversimplified. Instead it has been
suggested that the anesthesia has not one but three main components: hypnosis, analgesia and muscle relaxation.
Different anesthetic regimens have different effect on these three components. Furthermore, they have effects on both
cortical and sub-cortical levels. An adequate anesthesia means unresponsiveness to both noxious and non-noxious
stimuli. The former may be defined by means of hemodynamic, motor and endocrine stability, while the latter is related
to the loss of consciousness and recall and amnesia. In practice the adequate anesthesia is administered by using a
combination of drugs with different effects on brain, spinal cord, autonomic nervous system and neuromuscular junction.
The combination of these effects hence creates the hypnotic, analgesic and muscle relaxing effects.
[0003] In general anesthesia the patient is conducted through the phases of anesthesia from the induction to the
varying lengths of maintenance period and to the final emergence out from anesthesia. Though the patient does not
usually recall any surgical events or perceive surgical pain, the recovery and the post-operative comfort of the patient
very often depend on the quality of the anesthesia during the operation itself. Adequate administration of analgesic drugs
- meaning that over-doses and under-doses can be avoided during anesthesia - is believed to advance the recovery of
the patient. It has been suggested that this is due to two main reasons. Surgical pain may sensitize the pain pathways
during surgery and thus lower the pain threshold in such a way that even rather intense pain management in the post-
operative period is ineffective. It is said that the best way to avoid post-operative pain is a good and adequate administration
of analgesics during operation. The other mechanism is probably related to the secretions of stress hormones during
surgery. These hormones may have their effects long after surgery and can slow down the physical and psycho-phys-
iological heeling of the patient. Adequate pain medications can suppress the autonomic nervous system and prevent
excess secretion of these stress hormones. In this context the term "nociception" is commonly used to refer to the
perception of pain. The receptors involved in pain detection are aptly enough referred to as nociceptors. Nociceptive
input is conveyed from the peripheral end organs to the central nervous system. Projection neurons in the spinal dorsal
horn project to cell nuclei in supraspinal areas such as the thalamus, the brainstem, the mid-brain etc. Of these, the
synaptic junctions in the thalamus play a very important role in the integration and modulation of spinal nociceptive and
non-nociceptive inputs. Nociceptive inputs are finally conducted to the cortex, where the sensation of pain is perceived.
Stimulation of these central nervous system regions either electrically or chemically, e.g. by morphine and other opiates,
produces analgesia in humans.
[0004] Currently the anesthesia practices rely on rather subjective assessments of the adequacy of the drug treatment
during anesthesia. Anesthesiologists observe the patient and decide for the proper drugs they give to the patient. Though
this often is enough to avoid adverse events such as arousal or muscle movements during surgery, which in fact very
seldom occur in normal anesthesia nowadays, more objective measures for the anesthesia are needed. Recently the
progress in the biopotential signal analysis has lead in reasonable quantitative estimation of the hypnotic level of the
patient, and thereby the titration of the anesthetic agents can be guided by these new measurements.
[0005] For instance, the neurological activity of the brain is reflected in biopotentials available on the surface of the
brain and on the scalp. Thus, efforts to quantify the extent of anesthesia-induced hypnosis have turned to a study of
these biopotentials. The biopotential electrical signals are usually obtained by a pair, or plurality of pairs, of electrodes
placed on the patients scalp at locations designated by a recognized protocol and a set, or a plurality of sets or channels,
of electrical signals are obtained from the electrodes. These signals are amplified and filtered. The recorded signals
comprise an electroencephalogram or EEG, which normally has no obvious repetitive patterns, contrary to other biopo-
tential signals, like electrocardiogram (ECG). Among the purposes of filtering is to remove electromyographic (EMG)
signals from the EEG signal. EMG signals result from muscle activity of the patient and will appear in electroencepha-
lographic electrodes applied to the forehead or scalp of the patient. They are usually considered artifacts with respect
to the EEG signals. Since EMG signals characteristically have most of their energy in a frequency range from 40 Hz to
300 Hz, which is different than that of the EEG, major portions of the EMG signals can be separated from the contaminated
EEG signal.
[0006] A macro characteristic of EEG signal patterns is the existence of broadly defined low frequency rhythms or
waves occurring in certain frequency bands. Four such bands are recognized: Alpha waves are found during periods of
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wakefulness and may disappear entirely during sleep. The higher frequency Beta waves are recorded during periods
of intense activation of the central nervous system. The lower frequency Theta and Delta waves reflect drowsiness and
periods of deep sleep.
[0007] For clinical use, it is desirable to simplify the results of EEG signal analysis of the foregoing, and other types,
into a workable parameter that can be used by an anesthesiologist in a clinical setting when attending the patient. Various
such parameters for relating EEG signal data to the hypnotic state of the patient are discussed in the literature. Several
use frequency domain power spectral analysis. These parameters include peak power frequency (PPF), median power
frequency (MPF), and spectral edge frequency (SEF). A peak power frequency (PPF) parameter uses the frequency in
a spectrum at which occurs the highest power in the sampled data as an indication of the depth of anesthesia. The
median power frequency (MPF) parameter, as its name implies, uses the frequency that bisects the spectrum. In the
same fashion, the spectral edge frequency uses the highest frequency in the EEG signal. To improve the consistency
of an indicator of the hypnotic state or depth of anesthesia, several parameters are often employed in combination. For
example, the spectral edge frequency (SEF) parameter may be combined with the time-domain burst suppression ratio
(BSR) parameter to improve the consistency and accuracy with which the depth of anesthesia can be indicated. Also
more complex combinations of parameters, like bispectral index (BIS) have been described.
[0008] There are a number of concepts and analytical techniques directed to the complex nature of random and
unpredictable signals, like EEG. One such concept is entropy. Entropy, as a physical concept, describes the state of
disorder of a physical system. Applying the concept of entropy to the brain, the premise is that when a person is awake,
the mind is full of activity and hence the state of the brain is more nonlinear, complex, and noise like. Since EEG signals
reflect the underlying state of brain activity, this is reflected in relatively more "randomness" or "complexity" in the EEG
signal data, or, conversely, in a low level of "order." As a person falls asleep or is anesthetized, the brain function begins
to lessen and becomes more orderly and regular. As the activity state of the brain changes, this is reflected in the EEG
signals by a relative lowering of the "randomness" or "complexity" of the EEG signal data or conversely, increasing
"order" in the signal data. When a person is awake, the EEG data signals will have higher entropy and when the person
is asleep the EEG signal data will have a lower entropy.
[0009] According to the International Publication WO-02/32305 both the EEG and EMG signal data are typically
obtained from the same set of electrodes applied, for example, to the forehead of the patient. The EEG signal component
dominates the lower frequencies (up to about 30 Hz) contained in the biopotentials existing in the electrodes and EMG
signal component dominates the higher frequencies (about 50 Hz and above). The presence of EMG signal can provide
a rapid indication of the conscious-unconscious state of the patient. Importantly, because of the higher frequency of the
EMG data signal, the sampling time can be significantly shorter than that required for the lower frequency EEG signal
data. This allows the EMG data to be computed more frequently so that the overall diagnostic indicator can quickly
indicate changes in the state of the patient. In one embodiment of the publication, the EEG signal data and the EMG
signal data are separately analyzed and thereafter combined into a diagnostic index or indicator. As noted above,
because of the celerity with which changes in the anesthetic state of the patient can be determined from the EMG data,
the overall index can quickly inform the anesthesiologist of changes in the state of the patient.
[0010] Also United States Patent 6,067,467 accordingly to the respective preambles of claim 1, 24, 27 and 31, discloses
an electrocephalograph (EEG) method to monitor patients during and after medical operations. An anesthesiologist
administers sufficient anesthetics to cause the patient to attain the desired plane of anesthesia. The patient’s brain
waves, both ongoing and evoked by stimuli, are amplified, digitized and recorded. That pre-operative set of brain wave
data is compared to a set of the patient’s brain wave data obtained during the operation in order to determine if additional,
or less, :anesthesia is required, paying particular attention to the relative power in the theta band, as an indication of
brain blood flow, and prolongations of the latency periods under brain stem stimuli, as an indication of the patient’s ability
to feel pain. A set of neurometric features are extracted, converted into a normalized statistical score, a discriminant
score is thereby developed and the discriminant score converted to a patient state index using probability functions.
Especially a set of EEG electrodes is removably connecting to the scalp of the patient and administering sufficient
anesthesia to the patient for the patient to attain the plane of anesthesia selected by the anesthesiologist, followed by:
Presenting a set of stimuli to the patient and amplifying and digitizing the brain wave evoked responses to the stimuli
and the patient’s ongoing brain wave activity collected from the EEG electrodes to provide a first set of digital data
representing a set of features of the patient’s brain waves in the patient’s pre-operative anesthetized state and recording
the first set of digital data in computer system memory; During the operation, presenting the same set of stimuli to the
patient and amplifying and digitizing the brain wave responses to the stimuli and the patient’s on-going brain wave activity
to provide a second set of digital data regarding the same set of features as the first set; Using the computer system to
statistically compare the first and second sets of digital data on a feature-by-feature basis; Deriving a discriminant score
based on the comparisons of by selectively weighting, selecting and combining a number of said feature-by-feature
comparisons; Combining the discriminant scores to derive probabilities that the patient is in a specific anesthetized state;
Applying selected guardbands (rule-out levels) to the probabilities to classify the anesthetized state of the patient on the
basis of the probabilities; Providing a warning if the patient is not in a fully anesthetized state during the operation based
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on the classification of (g); And adjusting the anesthesia administered to the patient during the operation in response to
the warning to restore the patient to the selected plane of anesthesia. The system described concerns pure EEG system,
whereupon a series of EEG electrodes are removably secured to the scalp of the patient, e.g. six EEG electrodes may
be used in the following locations: front left (F3), front right (F4), center left (C3), center right (C4), back left (P3) and back
right (P4) in accordance to the International 10/20 Electrode Placement System.
[0011] Another way is to observe a photoplethysmographic (= PPG) signal, which is obtained by measuring the intensity
of light transmitted through or reflected by the tissue. The dynamic part of the signal is caused by variations in blood
volume and perfusion of the tissue, affecting scattering and absorption of the incident light. The most usual application
of the signal is the measurement of the oxygen saturation of blood. The pulse waveform of the PPG signal is closely
similar to that of the intraarterial blood pressure. The waveform is reflecting the interaction between left ventricular output,
i.e. cardiac output or stroke volume, and the capacitance of the vascular tree, also called vascular resistance. Blood
pressure is determined by the cardiac output, which is stroke volume multiplied by heart rate, and vascular resistance.
However, in addition to these global circulatory parameters, the dynamic capacitance of the vasculature affects also the
nonlinear relationship of PPG signal and circulatory parameters. Especially complex is the relationship between the
PPG waveform shape within one pulse and the integrated pulse-to-pulse variables. The PPG signal is related to the
changes in peripheral tissue blood volume and blood absorptivity. As it is the blood flow, that causes the blood volume
changes, the PPG signal is hence indirectly related to local blood flow. The flow, in turn, depends on the pressure gradient
and local vascular dynamic resistance and capacitance.
[0012] The PPG measuring as such has been utilized for a long time. For instance United States Patent 6,117,075
discloses a method and device for monitoring the depth of anesthesia (= DOA) during surgery by analyzing patterns
and characteristics of oscillatory phenomena in measured pulse pressure and skin temperature signals. The method
utilizes pulse pressure and skin temperature oscillatory patterns describe the nature of sympathetic vasomotor tone.
The method monitors DOA in two ways. Spectral characteristics of skin temperature or pulse pressure oscillatory phe-
nomena are used to describe the depth of anesthesia, and the concordance between oscillatory patterns of two physi-
ological signals, which have been recorded simultaneously but at different locations, are used to describe the depth of
anesthesia. According to the publication a PPG signal of an anesthetized patient is continuously monitored, and the
recorded raw PPG signal is then processed so as to generate a signal depicting the beat-to-beat pulse pressure amplitude.
Then the signal is derived by detecting peaks, and calculating the difference between each positive-negative peak pair,
after which a further signal is processed in a manner so as to derive a data set describing very low frequency variations
in pulse pressure over time in the 0.01-0.04 Hz range, that is, the PPG signal amplitude variability. Power spectrum
analysis is finally performed on said further signal, and the received frequency power spectrum characteristics are used
to describe the DOA, such that a progressively narrower bandwidth describe a progressively deeper level of anesthesia.
[0013] However, it appears that the position of the dicrotic notch as well as the PPG amplitude are dependent on
various other sources than the status of vasoconstriction or vasodilatation, including fluid balance, temperature of the
site of PPG measurement, heart rate, etc. Hence, these parameters may be interpreted with caution. Furthermore, they
refer to the usage of the PPG information as a measure of the depth of anesthesia, which is an oversimplified one-
dimensional assumption as described above.
[0014] The publication E. Seitsonen, M. van Gils, I. Korhonen, K. Korttila, A. Yli-Hankala: "EEG, Heart Rate, Pulse
Plethysmography and Movement Responses to Skin Incision" - A-582, 2002 ASA Meeting Abstracts, October 16, 2002,
discloses studies concerning evaluation of analgesia and nociception during general anesthesia. Raw EEG, the bispectral
index, electrocardiography (ECG) and PPG data were collected and analyzed offline. RR-interval (RRI) tachogram was
derived from ECG and frontal electromyography (fEMG) from EEG, and several beat-to-beat morphology parameters
were derived from PPG signal, as well as various time and frequency domain parameters were computed from EEG,
RRI and PPG data. When derived variables calculated as ratios or differences between post-incision and pre-incision
values were compared, RRI, amplitude of the dicrotic notch in PPG, EEG spectral entropy and fEMG power appeared
as primary variables in the optimal linear discriminant function between movers and non-movers. Finally it was concluded
that combination of these parameters may be useful in assessing the level of analgesia and nociception during anesthesia.
However, the publication does not provide any practical procedure for monitoring a patient.
[0015] United States Patent 6,338,713, discloses a system and method for providing information to the user of a
medical monitoring or diagnostic device to aid in the clinical decision making process. The preferred embodiment uses
two estimators or predictors of the same physiological quantity, with each of the estimators being designed to detect
specific states or artifacts in the estimated parameter and thus operating at a different point on its respective ROC curve;
one chosen to provide high sensitivity, the other chosen to provide high specificity. The divergence between the estimators
is indicated by the use of a shaded region between their respective time trends. The use of two estimators of the same
parameters with different performance characteristics allows the system and method of the present invention to derive
additional information about the underlying physiologic process over and above that which would be available from a
single estimator. The system and method of the present invention can derive information from not only the instantaneous
values of the estimators and the difference between them, but also from the time trend of the difference. Accordingly,
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this publication is primarily directed to the accuracy of a measurement, but does not discuss the problem how the level
of analgesia could be reliably monitored while the patient is under anesthesia or sedation.
[0016] Anyway, the administration of analgetics is still largely based on the visual observations of the vital signs and
the hemodynamic responses of the patient to surgical stimulation. Analgesic drugs are usually given, when the heart
rate or blood pressure show fast increases or are in long term at the high end of the normal ranges. Different motoric
responses, sweating and lacrimation of the patient can be observed as well. A further problem not considered in the
publications is the possible suppressive effect of relaxants on at least some signals acquired from patient, which can
have adverse effect on the reliability of the results received. The concept of analgesia is very complex and due to inter-
and intraindividual variability the combined specificity and sensitivity for the single-parameter based methods is not very
good.
[0017] Accordingly the main object of the invention is to achieve a method and apparatus for monitoring the anesthesia
or sedation of a patient so that a reliable data about level or depth of analgesia would be available to an anesthetist or
to other purposes.
[0018] The second object of the invention is to achieve a method and apparatus for monitoring the anesthesia or
sedation capable of using measured signals derived from various sources of the patient, which means that the method
should not be dependent on any single type of detector.
[0019] The third object of the invention is to achieve a method and apparatus for monitoring the anesthesia or sedation
capable to deliver such results as an output, with the basis of which the adequacy of analgesia could be reliably enough
assessed by inexperienced anesthetists or other operators, too.
[0020] The fourth object of the invention is to achieve a method and apparatus for monitoring the anesthesia or sedation
functioning with an acceptable speed so that a change in analgesia to a hazardous direction is detected and reported
early enough to allow timely corrective actions.

SUMMARY OF THE INVENTION

[0021] According to the first aspect of the invention the method for monitoring a condition of a patient under anesthesia
or sedation, comprises the steps of: acquiring in real-time at least a first signal representing a cardiovascular activity of
the patient; deriving, from said first signal, continuously at least a first and a second instantaneous parameter value
related to a quantity selected from a group of quantities including waveform amplitudes, waveform periodicity, waveform
morphology, and waveform variability; applying a predetermined mathematical index for probability of patient comfort,
in which function said at least first and second parameters are variables; calculating successively changing values of
said mathematical index; and indicating said successive index values.
[0022] In this case the first signal concerning cardiovascular activity is measured non-invasively using preferably
photoplethysmography, though a pressure metering can be also used, whereupon the quantity for the first parameter
value is a pulse wave amplitude, or a dicrotic notch height in the pulse wave, and the quantity for the second parameter
value is a pulse rate, or a heart beat interval, or a temporal position of the dicrotic notch.
[0023] As an alternative, the method according to the invention comprises the steps of: acquiring in real-time at least
a first signal and a second signal representing a cardiovascular activity of the patient; deriving, from said first signal and
second signal, continuously at least a first and a third instantaneous parameter value related to a quantity selected from
a group of quantities including waveform amplitudes, waveform periodicity, waveform morphology, and waveform vari-
ability; applying a predetermined mathematical index for probability of patient comfort, in which function said at least
first and third parameters are variables; calculating successively changing values of said mathematical index; and
indicating said successive index values.
[0024] In this case said first signal concerning cardiovascular activity is also preferably measured non-invasively using
photoplethysmography, or measured using a pressure metering, whereupon the quantity for said first parameter value
is a pulse wave amplitude, or a dicrotic notch height in the pulse wave. The second signal concerning cardiovascular
activity is a cardiac excitation measured non-invasively using electrocardiogram, whereupon the quantity for said third
parameter value is a heart rate of the electrical excitation.
[0025] As a further alternative, the method according to the invention comprises the steps of: acquiring in real-time at
least a first signal and a third signal representing a cardiovascular and respectively a combined electrical biopotential
on skull activity of the patient; deriving, from said first signal, continuously at least a first instantaneous parameter value
related to a quantity selected from a group of quantities including waveform amplitude, waveform periodicity, waveform
morphology, and waveform variability; calculating, from said third signal waveforms, continuously at least a fourth in-
stantaneous parameter value related to a quantity selected from a group of quantities including energy, power, signal
complexity and frequency content, each over a predetermined time period; applying a predetermined mathematical
function for probability index of patient comfort, in which function said at least first and fourth parameters are variables;
calculating successively changing values of said mathematical index; and indicating said successive index values.
[0026] In this case the first signal concerning cardiovascular activity is measured non-invasively using photoplethys-
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mography, just as above, and the quantity for said first parameter value is a pulse wave amplitude, or a dicrotic notch
height in the pulse wave. The third signal is a non-invasive measurement concerning neuromuscular and brain activity
comprising electromyography and electroencephalogram. The electric myographic component is then extracted from
said third signal, which originally is a combination of EMG and EEG, as an EMG partial signal and electroencephalographic
component as an EEG partial signal. Then the quantity for said fourth parameter value is a spectral power calculated
from said EMG partial signal, and the quantity for said fourth parameter value is a subtraction of a response entropy,
calculated from said third signal as a whole, and a state entropy, calculated from said EEG partial signal.
[0027] The first signal concerning cardiovascular activity can also be a cardiac excitation measured non-invasively
using electrocardiogram, whereupon the quantity for the first parameter value is a heart rate or inter beat interval of the
electrical excitation.
[0028] In the context of this alternative it is also possible, and prefarable as is now believed, to acquiring online a
second signal representing a cardiovascular activity of the patient; deriving, from said and second signal, a third instan-
taneous parameter value related to a quantity selected from a group of quantities including waveform amplitudes,
waveform periodicity, waveform morphology, and waveform variability; and introducing said at least third parameter in
said predetermined mathematical function as an additional variable. Here the quantity for said first parameter value is
a heart rate or inter beat interval of the electrical excitation.
[0029] In all cases the first and the second parameter values, or the first and the third parameter values, or the first
and the fourth parameter values respectively are normalized on the basis their respective parameter values acquired
continuously over a predetermined fixed time window including or excluding the latest real-time parameter value. The
above mentioned parameter values for normalizing are acquired either from said patient prior to incision, or prior to
intubation, or prior to starting anesthesia or sedation, or from a group of patients prior to or during incision and/or intubation
and/or anesthesia or sedation. The mathematical index for probability is a nonlinear equation, or a neural network
algorithm, or a defined or fuzzy rule-based reasoning procedure.
[0030] The successively calculated value or values is/are indicated or informed or made available to the operating
person or persons for further actions, and/or possibly indicated or informed or made available to an additional apparatus
for further processing. It shall be noted that the absolute value of the probability index according to the invention is the
most valid data made available to the personnel, though a change of the index may increase informativeness, too.
[0031] According to the second aspect of the invention the apparatus for monitoring a condition of a patient under
anesthesia or sedation, comprises at least first sensor means for online receiving substantially continuous electrical
signal representing a cardiovascular activity of the patient; first time measuring means and a first voltage/current de-
pendent circuit connected with said sensor means; first memory means storing criteria of predetermined pulse wave
parameters to be extracted from said signal; first deriving means connected to said first memory means, said first time
measuring means and said first voltage/current dependent circuit for continuously extracting first and second values of
said predefined pulse wave parameters; second calculation means for successively performing a predetermined math-
ematical program having temporally variable probability index values, based on said first and second pulse wave pa-
rameter values, as an output; and a display and/or connections into further devices.
[0032] As an alternative, the apparatus according to the invention comprises at least first and second sensor means
for online receiving substantially continuous electrical signals representing a cardiovascular activity of the patient; first
and second time measuring means and a first and second voltage/current dependent circuit connected with said sensor
means; first memory means storing criteria of predetermined pulse wave parameters to be extracted from said signals;
first deriving means connected to said first memory means, said first time measuring means and said first voltage/current
dependent circuit for continuously extracting first values of said predefined pulse wave parameters; second deriving
means connected to said first memory means, said second time measuring means and said second voltage/current
dependent circuit for continuously extracting third values of said predefined pulse wave parameters; second calculation
means for successively performing a predetermined mathematical program having temporally variable probability index
values, based on said first and third pulse wave parameter values, as an output; and a display and/or connections into
further devices.
[0033] As a further alternative, the method according to the invention comprises at least first and third sensor means
for online receiving substantially continuous electrical signals representing a cardiovascular activity and respectively an
electrical biopotential activity of the patient; first and third time measuring means and a first and third voltage/current
dependent circuit connected with said sensor means; first memory means storing criteria of predetermined parameters
to be extracted from said signals; first deriving means connected to said first memory means, said first time measuring
means and said first voltage/current dependent circuit for continuously extracting first values of predetermined pulse
wave parameters; first calculation means connected to said first memory means, said third time measuring means and
said third voltage/current dependent circuit for continuously extracting fourth values of predetermined biopotential pa-
rameters; second calculation means for successively performing a predetermined mathematical program having tem-
porally variable probability index values, based on said first and fourth parameter values, as an output; and a display
and/or connections into further devices.
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[0034] Generally speaking, at least one height or amplitude parameter, i.e. parameter in y-direction in an orthogonal
coordination, is derived or calculated from the signal or signals for usage in the function of probability according to the
invention, and at least one time or temporal parameter, i.e. parameter in x-direction in an orthogonal coordination, is
also derived or calculated from the signal or signals for usage in the function of probability according to the invention.
In this context the entropy parameter is considered to a height or amplitude parameter.
[0035] The main advantage of the method as compared to the state-of-art is that by the method it is possible to
significantly increase the specificity of analgesia monitoring as compared to a usage of a single variable as an input.
The method is also practical in the sense that it is based on the new usage of the signals which are either routinely
monitored during anesthesia, or which may be easily monitored with the existing patient monitors, e.g PPG, EEG etc.,
and hence the method does not require expensive new sensors or monitoring means to be attached to the patient.
[0036] By combining information from various sources each related to level of analgesia but alone providing insufficient
sensitivity and/or specificity for analgesia assessment in practice, it is possible to improve the quality of analgesia level
monitoring. The most potential input signals comprise heart rate (as measured from ECG, pulse plethysmography, blood
pressure or some other signal related to functioning of heart and providing beat-to-beat rhythm of the heart), plethys-
mographic pulse parameters (for example plethysmographic pulse notch position information) and frontal electromyog-
raphy signal (fEMG).

BRIEF DESCRIPTION OF THE DRAWINGS

[0037]

FIG. 1 shows an example of a typical non-invasive PPG signal, or non-invasive or invasive blood pressure metering
signal, representing cardiovascular pulse wave or blood pressure of a patient, which signal can be used as a starting
raw signal in the invention.

FIG. 2 shows an example of a typical non-invasive ECG signal representing cardiac excitation of a patient, which
signal can be used as a starting raw signal in the invention.

FIG. 3 shows an example of a typical non-invasive EEG+EMG signal representing a combination of brain activity
and neuromuscular activity of a patient, i.e. biopotentials, which signal can be used as a starting raw signal in the
invention.

FIG. 4 shows a typical power spectrum of a biopotential signal EEG+EMG.

FIGS. 5A - 5D are an example of real data recorded from a patient representing the intermediate results and final
probability index calculated according to the invention. Fig. 5D provides annotations related to surgical procedures.

FIGS. 6 - 8 show the main steps of the preferred first, second and third embodiment, respectively, of the invention
for processing the signal acquired from a patient.

FIGS. 9 - 11 show the main components of the preferred first, second and third embodiment, respectively, of the
invention as flow chart. The components shown can be separate electronic units, but quite as well portions of a
computer program or programs for microprocessors.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0038] In the first embodiment of the invention the combination of the parameter values used in the probability function
P for the patient comfort in anesthesia are obtained only from one cardiovascular signal S1. Though the outmost simplicity
of this method in practice, multiple of quantities can be derived in the way that they still carry different type of information
from the function of the autonomic nervous system (= ANS). The heart rate and its variability, which mainly reflects the
parasympathetic activity, can be extracted from the periodicity of the measured pulse wave, i.e. from the beat-to-beat
pulse rate. On the other hand the amplitude of the pulse wave, especially when measured in peripheral tissue, carries
information from the skin circulation, which is mainly controlled by the sympathetically branch of ANS. In case when the
parasympathetical activity of the patient is stronger than the sympathetical activity, the heart rate is low, blood pressure
is normal and peripheral circulation works normally as the blood vessels are dilated. If the patient has pain or is uncom-
fortable, the heart rate is higher and blood vessels are more constricted, which results in smaller peripheral pulse wave
amplitudes, especially in the plethysmographic wave. These signs of excess sympathetical activity result also in elevated
blood pressures easily measured by continuous blood pressure meters. In summary, the sympathetical activation, which
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increases heart rate, induces vasoconstriction in the peripheral circulation and increases blood pressure, is an indication
of patient discomfort. Usually this appears as a sudden change in the plethysmography waveform parameters and blood
pressure. On the other hand the low activity of the sympathetical and parasympathetical branch of ANS and the balance
between these regulation mechanisms is an indicator of adequate patient comfort. Accordingly, it can be understood
that even one signal can carry quite a detailed information from the state of the autonomic nervous system and from the
patient comfort.
[0039] In the simplest embodiment only oxygen saturation measurement with the pulse wave signal (PPG) is enough
to calculate the probability index of patient comfort. As saturation measurement is in practice compulsory in anesthesia
this advantageous embodiment of the invention is almost always available to all patients.
[0040] In the second embodiment of the invention the combination of the parameter values used in the probability
function P for the patient comfort in anesthesia are obtained only from two cardiovascular signals S 1 and S2. The heart
rate is extracted from the ECG waveform instead of the pulse wave of the photoplethysmographic or blood pressure
measurement. This is advantageous, because the heart beat interval can be determined more accurately, and more
detailed information can be extracted especially from the parasympathetical activity and from the parasympathetical -
sympathetical balance of ANS. The better precision of the beat-to-beat interval is due to typically higher sampling
frequencies of the ECG measurement and more importantly due to the fact that the R-peak in the ECG waveform is
very much sharper than the pulse wave peak. When the signal quality in PPG, due to poor blood circulation, is bad or
when the PPG or BP waves are extremely round, the exact beat interval can still be determined with precision from the
ECG waveform. As the precision of the determination of the R-R interval from ECG - even without poor patient condition
- is always very good, more parameters, e.g. heart rate variability (HRV), can be extracted from the temporal cardiac
function. These improve the performance of the probability index for the patient comfort and leads into better sensitivity
and specificity of the index.
[0041] In the third embodiment of the invention the combination of the parameter values used in the probability function
P for the patient comfort in anesthesia are obtained only from a cardiovascular signal S 1 and a biopontential signal S3
on skull or scalp. This is one of the preferred embodiments, together with the embodiment utilizing three signals S1, S2
and S3, regarding the specificity and sensitivity of combining parameters into one index of patient comfort, is achieved
with the biopotential measurement on patient skull. The cardiovascular measurement are good indicators, but sometimes
too unspecific to patient comfort as they are influenced by other psychological emotional triggers or by physiologic factors
such as the intra-vascular volume status of the patient, by sepsis, arrhythmias, respiratory disturbance or hypertension.
Therefore, in addition to the cardiovascular quantities, information is needed from the brain activity, its psychophysio-
logical aspects and from the overall state of the central nervous system. By biopotential measurement on skull, including
electroencephalography, electromyography and skin conductivity measurement, one can derive information, which is
specific to the cortical brain activity and hypnosis, to the facial muscle nerve activity and to the sudomotor (sweating)
activity, respectively. Hypnosis describes the state of human cortex, especially various states of consciousness and
unconsciousness, i.e. ability of cortical processing of the sensory nerve information. Facial muscle nerve activity describes
the motoric control of these muscles (from cortex), but also unintentional facial expressions, which originate from the
brain stem level and reflect also the state of the autonomic nervous system or the state of the central nervous system
at the subcortical level. Finally the sudomotor activity is emotionally triggered from the cortex, but as the facial ’mimic’
muscles, its activation is often a result of painful or discomfortable stimulation without real perception of pain at the
cortical level. It is well known that discomfort increases sweating - during anesthesia it is a common practice to sense
the patient forehead for sweating, which among anesthesiologist is often interpreted as a sign of discomfort even in
deep hypnosis. It is believed that both the sudomotor and electromyographic activity are specific indicators of the sym-
pathetical activation and patient discomfort and that the cortical activity is an additional parameter for the overall sup-
pression in the central nervous system. All this information is complementary within itself, but in combination with the
cardiovascular signals, it forms an entity, by which the patient discomfort and comfort can be estimated even in deep
hypnosis. Even more than that, the index of hypnosis and the index of analgesia can be made rather orthogonal to each
other. This means that the indices are independent and that the anesthesiologist can make specific decision about
whether patient needs more analgesic or hypnotic drugs.
[0042] If the biopotential measurement is arranged on the forehead of the patient, both the facial muscle (fEMG) and
brain (EEG) activity components are present in the raw measured signal S3. In principle, the same arrangement is
suitable to measure the skin contact of the electrodes with the scalp, in which the sweating of the forehead is as well
seen. We, however, omit this contribution and concentrate on the signal with EEG and fEMG, only. We also limit our
discussion to one of the advantageous embodiment of the invention, namely to a technique of spectral signal entropy,
the concept of which can be applied to both EEG and fEMG signal components.
[0043] Entropy, when considered as a physical concept, is proportional to the logarithm of the number of microstates
available to a thermodynamic system, and is thus related to the amount of "disorder" in the system. In this context,
entropy describes the irregularity, complexity, or unpredictability characteristics of a signal. In a simple example, a signal
in which sequential values are alternately of one fixed magnitude and then of another fixed magnitude has an entropy
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value of zero, i.e. the signal is completely regular and totally predictable. A signal in which sequential values are generated
by a random number generator has greater complexity and higher entropy. Entropy is an intuitive parameter in the sense
that one can visually distinguish a regular signal from an irregular one. Entropy also has the property that it is independent
of absolute scales such as the amplitude or the frequency of the signal: a simple sine wave is perfectly regular whether
it is fast or slow. In an EEG application, this is a significant property, as it is well known that there are interindividual
variations in the absolute frequencies of the EEG rhythms.
[0044] There are various ways to compute the entropy of a signal. In frequency domain, spectral entropy may be
computed in ways generally known. The starting point of the computations is the spectrum of the signal. Such an algorithm
is implemented in the Datex-Ohmeda Entropy® Module, in which the discrete Fourier transformation of the signal is
calculated. A flat spectrum indicates a high and peaky spectrum a low entropy value. Without going into more details,
we next describe how the physical concept of spectral entropy is employed in clinical decision making about the patient
comfort.
[0045] Referring to fig. 4, it is informative to consider two entropy indicators, one over the EEG dominant frequency
range alone and another over the complete range of frequencies, including both EEG and EMG components. The State
Entropy (SE) is computed over the frequency range from 0.8 Hz to 32 Hz. It includes the EEG-dominant part of the
spectrum, and therefore primarily reflects the cortical state of the patient. The Response Entropy (RE) is computed over
a frequency range from 0.8 Hz to 47 Hz. It includes both the EEG-dominant and EMG-dominant part of the spectrum.
It is advantageous to normalize these two entropy parameters in such a way that RE becomes equal to SE when the
EMG power, i.e. sum of spectral power between 32 Hz and 47 Hz, is equal to zero, as the RE-SE-difference then serves
as an indicator for EMG activation. Consequently, RE varies from 0 to 1, whereas SE is always smaller than 1. When
there is EMG activity, spectral components within the range 32-47 Hz differ significantly from zero and RE is larger than
SE. With these definitions, SE and RE both serve their own informative purposes for the anesthesiologists. The State
Entropy is a quantity which is stable enough to provide the anesthesiologist at one glance of the number an idea of the
current cortical state the patient is in. The Response Entropy, on the other hand, reacts fast to changes as it can be
calculated using shorter time windows than SE.
[0046] There are several parameters that could be classified as describing waveform morphology, including at least:
the area under the pulse, FWHM (= full width at half maximum value of the pulse), amplitude/period , dicrotic notch
height in absolute units, dicrotic notch height in relative units (= height/amplitude), skewness of the pulse, any charac-
teristics after derivation or multiple of derivations of the signal, any parameter after FFT analysis (= first harmonic peak/
base frequency peak, etc), any signal processing or modelling parameter (= e.g. AutoRegressive-model of the signal).
In this context the parameters that could be classified as describing waveform amplitude include: the relative and absolute
difference between the peak value and the minimum value of the pulse wave. It is especially pointed out that here the
"wave" includes a bias, generally called as a dc-component of the signal, which variates considerably slower than the
pulse, i.e. the ac-component of the signal. Accordingly, there is pulsation of the signal and a level of the signal, around
which level said pulsation occurs. There are some parameters that could be classified as describing waveform periodicity,
including at least: pulse rate, heart rate, heart beat interval, temporal position of the dicrotic notch in absolute units (after
the peak-position or after any fixed position in one single pulse) or in relative units (= temporal position/period), P-R
interval, Q-T interval, QRS duration. There are a plurality of parameters that could be classified as describing waveform
variability (= changes of any waveform characteristics with time), including at least: SD (= standard deviation over a
fixed time window), SSD (= SD of the successive signal points= SD after derivation of the signal), RMS-value (as above),
LF (= low frequency variability of any waveform characteristics: is related with the sympathetical activity of ANS), HF(=
high frequency variability of any waveform characteristics: is related with the parasympathetical activity of ANS), Entropy
of any characteristics (measure of disorder, see Spectral entropy of EEG). It is also noted here that non-stationarity of
the signal is one cause for waveform variability and the indices and methods, by which the non-stationarities are detected,
produce variables, which shall be interpreted as waveform variability. Non-stationarity here is any statistically significant
temporal deviation of statistical measures of the signal from the average values. As to the signal complexity, there are
at least the following parameters: Spectral entropy, approximate entropy, Lempel-Ziv Complexity, Golmogorov-Sinai
entropy, Fractal exponents, bispectral indices, correlation lengths (in time). At least the following parameters can be
classified in frequency content: FFT spectrum derived parameters like spectral entropy, power at different brain rhythm
bands, median frequency, spectral edge frequency, 95% power edge frequency, mean frequency, peak amplitude
frequency (= highest power frequency). The power and energy are self-explanatory parameters, and does not need
further explanation.
[0047] In the figures 1 to 3 the following parameters, which are the most frequently used and preferred parameters,
are visualized: pulse wave amplitude yA; dicrotic notch height yN in the pulse wave; heart beat interval τA, temporal
position of the dicrotic notch τN; systolic blood pressure YS; and diastolic blood pressure YD. The entropies, which are
frequently used and preferred parameters, too, cannot be visualized. The parameters listed above are all familiar to a
person skilled in the art so that it is not necessary to mark them in the figures.
[0048] The normalizing discussed above means that the prevailing or present or latest parameter value is subtracted
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from the calculated average value of the historical parameter values, or vice versa, or the prevailing or present or latest
parameter value is divided by the calculated average value of the historical parameter values, or vice versa. One of
these, two of these, or three of these, or all of these can be used simultaneously in the predetermined mathematical
function according to the invention. The average value can be a constant average value over time period, or over a
number of heart beat pulses, or a moving weighted or non-weighted average value over a time period or over a number
of heart beat pulses during operation of the patient, or a constant group average over certain patient type(s).
[0049] The mathematical index for probability can be generally formed, according to the invention, several ways. Also
the history data, i.e. the parameter values acquired continuously over a predetermined fixed time window including or
excluding the latest real-time or prevailing parameter value, can be processed several ways. The probability index of
the invention combines in real-time the historical parameter values with the prevailing parameter data from at least two
sources. The index P or P(t) for probability of patient comfort is a function, which shall be understood to be either an
equation, or an algorithm, or a reasoning or logical procedure, in which at least two parameters are variables This
mathematical combination may be done by using some nonlinear equation, logical rules and/or operators, artificial neural
networks, fuzzy logic, etc.
[0050] The index of patient comfort may be calculated by the following nonlinear equation:

where

P is the index for probability of patient comfort,
a, b, c, d are parameters selected to optimise the performance of the index,
X(t), Y(t), Z(t) are monitored current values of the normalized parameter values,
t is the sample time.

[0051] It should be noted that the coefficients of the mathematical equation must be selected according to the quantities
and parameters used and according to the available signal, and will depend on the exact choice and implementation of
the monitored ensamble of parameter history values and their normalization means.
[0052] The index of patient comfort may be also determined by using rule-based reasoning. These rules are by
translating clinical knowledge acquired in our experimental studies on nociception into formal "if...then...else" statements
that can be directly implemented into a computer programming language. The probability index P is then calculated as
a sequence of reasoning statements. It is possible to use exactly defined rules as well as fuzzy rules in the reasoning.
The value ranges of the parameters as well as the index for probability are in this case discredited into certain intervals
to allow for symbolic reasoning. For example the index P can be subdivided into three or more intervals; if 0 ≤ P ≤ 0.3
→ P is labeled as having "low" value, if 0.3 < P ≤ 0.7 → P is labeled as having "medium" value, and if 0.7 < P ≤ 1.0 →
P is labeled as having "high" value. Similar divisions could be done for the monitored values X(t), Y(t), Z(t). For example:

where

= comparison operator (test of equality),
:= assignment operator (the value of the operand on the right hand side is assigned to the operand on the left hand
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side).

[0053] This example indicates that when X(t) has a medium or high value then the probability of nociception P is low.
If X(t) has a low value and Y(t) is low and Z(t) has a high value then P is high. In other cases P is medium.
[0054] Further, the index of patient comfort may be also determined by using previously recorded data that has been
labeled at each time instance with an indication of whether there was nociception or not, e.g., annotated by an anesthetist.
This kind of procedure can be called neural network. Typical examples cases of X(t), Y(t), and Z(t) as recorded during
instances of nociception and non-nociception can then be constructed. This can be done by grouping vectors v(t) = ( X
(t), Y(t), Z(t) ) that have been measured during nociception periods together into a set of i "typical" nociception examples,
{vi} , and grouping vectors of data that have been measured during non-nociception periods into a set of j typical non-
nociception examples, {wj}. This grouping can be implemented with various different algorithms, e.g., averaging, self-
organisation. Once we have constructed these sets we can use them to estimate a value of p(t) for data values recorded
at t.
[0055] For data samples X(t), Y(t), Z(t) monitored at time t the vector u(t) = (X(t),Y(t),Z(t)) is constructed.
The distances D between u(t) and each element of {vi} and {wj} are calculated. This gives i+j distance calculations (as
distance measure e.g., the Euclidean distance can be used).
The smallest distance calculation result is noted.
If this smallest distance was obtained when comparing u(t) with an element of {vi} then P(t) is assigned as being "high",
if it was obtaining when comparing with an element of {wj} then P(t) is assigned as being "low".
[0056] It is also possible to use more than those two parameters described above. Accordingly, it is possible add
measurement of another type cardiovascular activity in the first embodiment of the invention so that there are two signals
and three parameter values for calculation of the probability index. In the second embodiment of the invention it is
possible to derive a further parameter from the two signals so that there are three parameter values for calculation of
the probability index. In the third embodiment of the invention it is possible to derive a further parameter from the two
signals so that there are three parameter values for calculation of the probability index, too. It shall be understood that
it is also possible to perform further online measurements, whereupon three signals are acquired, and three or four or
more parameters are included in the calculation of the probability index.

Example:

[0057] In the following an example is described, which is based on an unpublished material concerning 23 patients,
single-variable based estimators based on a PPG-signal, and a fEMG-signal for the level of analgesia could classify the
patients’ responses to skin incision with 65-74% correctness i.e. the physiological responses could discriminate the
patients who moved or did not move as a response to skin incision. When the information in these variables is combined
the correctness for detection of insufficient analgesia is improved to 83%. In the example of real-time data were recorded
during abdominal hysterectomy surgery. After induction (Fig. 5D: Arrow A) with fentanyl 1 Pg/kg iv and propofol 1 mg/kg
iv anesthesia was deepened with sevoflurane 8% in 100% oxygen via facial mask until endotracheal intubation (Fig.
5D: Arrow B). Sevoflurane concentration was adjusted to equal 0.8 MAC (1.6% end-tidal). Surgery began 14 min after
intubation with skin incision (Fig. 5D: Arrow C), after which fentanyl and propofol were administered.
[0058] For the end purpose at least two signals were continuously acquired from the patients, in this example a
pulseplethysmographic (PPG) signal and a facial electromyographic (fEMG) signal. The instantaneous parameter values
of R-to-R interval (= RRIpost and RRIpre), dicrotic notch height (= PtyNotchAmppost and PtyNotch-Amppre), fEMG
power (= fEMGpost and fEMGpre) were continuously derived or calculated the heart rate and dicrotic notch being the
used quantities. A nonlinear combination of the above parameters according to the invention was calculated, as well as
a linear combination of the same parameters as a comparison. The respective instantaneous parameter values were
measured real-time or online from each of the patients. The originally received raw signal, i.e. continuous curves of
parameter values are not shown in the figures, but the curves normalized with a pre-incision reference level is visualized.
Accordingly, Fig. 5A discloses normalized R-to-R interval, Fig. 5B discloses normalized dicrotic notch height, Fig. 5C
discloses normalized fEMG power, and Fig. 5D discloses index P for probability of patient comfort obtained by mathe-
matical nonlinear combination of the above mentioned normalized signals. In this mathematical function the ending -post
means the latest parameter value and the ending -pre means the calculated historical data of the respective parameter
values, which can be also called a reference value. As can be seen there used both subraction and division between
the latest value and the reference value. The time axis is in seconds.
[0059] The actual non-linear equation for the mathematical index for probability was:
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where P is the probability of a movement as a response for noxius stimulus. This index is an indicator for potential
nociception during anesthesia or sedation so that a high values of the index indicate high probability for nociception and
low values indicate low probability of nociception.
[0060] Signs for nociception and inadequate analgesia are clearly seen around intubation (Fig. 5D: arrow B) and
incision (Fig. 5D: arrow C) in nonlinear combination parameter but not so clearly in individual variables. Note also recovery
from anesthesia (Fig. 5D: arrow D) which is associated with an increase in the index.

Claims

1. A method for monitoring a condition of a patient under anesthesia or sedation, characterized in that the method
comprises the steps of:

- acquiring at least:

- a first signal (S1), or a first signal (S1) and a second signal (S2) representing a cardiovascular activity of
the patient, or
- a first signal (S1) representing a cardiovascular activity of the patient, and a third signal (S3) representing
a combined electrical biopotential on skull activity of the patient;

- deriving:

- from said first signal (S1), at least a first parameter (Y) value and a second parameter (X) value, or
- from said first signal and said second signal (S1, S2), at least a first parameter (Y) value and a third
parameter (T) value, or
- from said first signal (S1), at least a first parameter (Y) value, and from said third signal (S3), at least a
fourth parameter (E) value;

- applying a predetermined mathematical index (P) for probability of patient comfort, in which index:

- said at least first and second parameters (Y, X) are variables, or
- said at least first and third parameters (Y, T) are variables, or
- said at least first and fourth parameters (Y, E) are variables;

- calculating successively changing values of said mathematical index (P); and
- indicating said successive index values.

2. A method according to claim 1, characterized in that said said at least first and second parameter (Y, X) values,
or said at least first and third parameter (Y, T) values are related to a quantity selected from a group of quantities
including waveform amplitude, waveform periodicity, waveform morphology, and waveform variability.

3. A method according to claim 1, characterized in that said first signal (S1) concerning cardiovascular activity is a
blood volume signal measured non-invasively using photoplethysmography.

4. A method according to claim 3, characterized in that:

- the quantity for said first parameter (Y) value is a pulse wave amplitude, or a dicrotic notch height in the pulse
wave;
- and the quantity for said second parameter (X) value is a pulse rate, or a heart beat interval, or a temporal
position of the dicrotic notch.
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5. A method according to claim 1, characterized in that said first signal (S1) concerning cardiovascular activity is
blood pressure signal measured using a pressure metering.

6. A method according to claim 5, characterized in that:

- the quantity for said first parameter (Y) value is a systolic, diastolic or mean blood pressure, or a dicrotic notch
height in the pulse wave;
- and the quantity for said second parameter (X) value is a pulse rate, or a heart beat interval, or a temporal
position of the dicrotic notch.

7. A method according to claim 1, characterized in that said second signal (S2) concerning cardiovascular activity
is a cardiac excitation measured non-invasively using electrocardiogram.

8. A method according to claim 7, characterized in that the quantity for said third parameter (T) value is a heart rate
or inter beat interval of the electrical excitation.

9. A method according to claim 1, characterized in that said at least first parameter (Y) value is related to a quantity
selected from a group of quantities including waveform amplitude, waveform periodicity, waveform morphology, and
waveform variability, and that said at least fourth parameter (E) value is related to a quantity selected from a group
of quantities including energy, power, signal complexity and frequency content, each over a predetermined time
period.

10. A method according to any of claims 1 to 5, characterized in that said third signal (S3) is a non-invasive measurement
concerning neuromuscular and brain activity.

11. A method according to claim 10, characterized in that said neuromuscular and brain activity measurement com-
prises electromyography and electroencephalogram.

12. A method according to claim 11, characterized in that it further comprises the step of extracting electric myographic
component from said third signal (S3) as an EMG partial signal, and electroencephalographic component as an
EEG partial signal.

13. A method according to claim 12, characterized in that the quantity for said fourth parameter (T) value is a spectral
power calculated from said EMG partial signal.

14. A method according to claim 11 and 12, characterized in that the quantity for said fourth parameter (T) value is a
subtraction of a response entropy, calculated from said third signal as a whole, and a state entropy, calculated from
said EEG partial signal.

15. A method according to any of claims 10 to 14, characterized in that said first signal (S1) concerning cardiovascular
activity is a cardiac excitation measured non-invasively using electrocardiogram.

16. A method according to claim 15, characterized in that the quantity for said first parameter (Y) value is a heart rate
or inter beat interval of the electrical excitation.

17. A method according to claim 1, characterized in that it further comprises the steps of:

- acquiring, in addition to said first and third signal (S1, S3), online a second signal (S2) representing a cardio-
vascular activity of the patient;
- deriving, from said first and second signal, a third parameter (T) value related to a quantity selected from a
group of quantities including waveform amplitudes, waveform periodicity, waveform morphology, and waveform
variability; and
- introducing said at least third parameter in said predetermined mathematical index (P) as an additional variable.

18. A method according to claim 17, characterized in that the quantity for said first parameter (Y) value is a heart rate
or inter beat interval of the electrical excitation.

19. A method according to claim 1, characterized in that said mathematical index (P) for probability is a nonlinear
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equation.

20. A method according to claim 1, characterized in that said mathematical index (P) for probability is a neural network
algorithm.

21. A method according to claim 1, characterized in that said mathematical index (P) for probability is based on a
defined or fuzzy rule-based reasoning procedure.

22. A method according to claim 1, characterized in that it further comprises the step of normalizing said first and
second parameter (Y, X) values, or said at least first and third parameter (Y, T) values, or said first and fourth
parameter (Y, E) values on the basis their respective parameter values acquired over a predetermined fixed time
window including or excluding the latest real-time parameter value.

23. A method according to claim 22, characterized in that said normalized parameter values are acquired from:

- said patient prior to incision, or prior to intubation, or prior to starting anesthesia or sedation, or
- group of patients prior to or during incision and/or intubation and/or anesthesia or sedation.

24. An apparatus for monitoring a condition of a patient under anesthesia or sedation, characterized in that the ap-
paratus comprises:

- at least first sensor means (15a) for receiving a first electrical signal (S1) representing a cardiovascular activity
of the patient;
- first time measuring means (5a) and a first voltage/current dependent circuit (6a) connected with said sensor
means (15a);
- first memory means (11) storing criteria of predetermined pulse wave parameters to be extracted from said
signal (S 1);
- first deriving means (8a) connected to said first memory means (11), said first time measuring means (5a)
and said first voltage/current dependent circuit (6a) for extracting first and second values of said predefined
pulse wave parameters (Y, X);
- second calculation means (2) for successively performing a predetermined mathematical program having
temporally variable mathematical index (P) values for probability of patient comfort, based on said first and
second pulse wave parameter (Y, X) values, as an output; and
- a display (25) and/or connections (26) into further devices.

25. An apparatus according to claim 24, characterized in that it further comprises second memory means (12) for
storing pulse wave parameter values acquired prior to said receiving of said electrical signals (S1 and/or S2).

26. An apparatus according to claim 24, characterized in that said first sensor means (15a) is a photoplethysmography
unit, or a pressure transducer unit.

27. An apparatus for monitoring a condition of a patient under anesthesia or sedation, characterized in that the ap-
paratus comprises:

- at least first sensor means (15a) and second sensor means (16b) for receiving first and second electrical
signals (S1 and S2) representing a cardiovascular activity of the patient;
- first and second time measuring means (5a and 5b), and a first and second voltage/current dependent circuit
(6a and 6b) connected with said sensor means (15a, 16a);
- first memory means (11) storing criteria of predetermined pulse wave parameters to be extracted from said
signals (S1 and S2);
- first deriving means (8a) connected to said first memory means (11), said first time measuring means (5a)
and said first voltage/current dependent circuit (6a) for extracting first values of said predefined pulse wave
parameters;
- second deriving means (8b) connected to said first memory means (11), said second time measuring means
(5b) and said second voltage/current dependent circuit (6b) for extracting third values of said predefined pulse
wave parameters (Y, T);
- second calculation means (2) for successively performing a predetermined mathematical program having
temporally variable mathematical index (P) values for probability of patient comfort, based on said first and third



EP 1 495 715 B1

15

5

10

15

20

25

30

35

40

45

50

55

pulse wave parameter (Y, T) values, as an output; and
- a display (25) and/or connections (26) into further devices.

28. An apparatus according to claim 27, characterized in that it further comprises second memory means (12) for
storing pulse wave parameter values acquired prior to said receiving of said electrical signals.

29. An apparatus according to claim 27, characterized in that said first sensor means (15a) is a photoplethysmography
unit, or a pressure transducer unit.

30. An apparatus according to claim 27, characterized in that said second sensor means (15b) is an electrocardiography
unit.

31. An apparatus for monitoring a condition of a patient under anesthesia or sedation, characterized in that the ap-
paratus comprises:

- at least first sensor means (15a) and third sensor means (15c) for receiving first and third electrical signals
(S1 and S3) representing a cardiovascular and respectively an electrical biopotential on skull activity of the
patient;
- first and third time measuring means (5a and 5c) and a first and third voltage/current dependent circuit (6a,
6c) connected with said sensor means (15a, 15c);
- first memory means (11) storing criteria of predetermined parameters to be extracted from said signals (S1
and S3);
- first deriving means (8a) connected to said first memory means (11), said first time measuring means (5a)
and said first voltage/current dependent circuit (6a) for extracting first values of predetermined pulse wave
parameters (Y, E);
- first calculation means (8b) connected to said first memory means (11), said third time measuring means (5c)
and said third voltage/current dependent circuit (6c) for extracting fourth values of predetermined biopotential
parameters;
- second calculation means (2) for successively performing a predetermined mathematical program having
temporally variable mathematical index (P) values for probability of patient comfort, based on said first and
fourth parameter (Y, E) values, as an output; and
- a display (25) and/or connections (26) into further devices.

32. An apparatus according to claim 31, characterized in that it further comprises second memory means (12) for
storing pulse wave parameter values acquired prior to said receiving of said electrical signals.

33. An apparatus according to claim 31, characterized in that said first sensor means (15a) is a photoplethysmography
unit, or a pressure transducer unit.

34. An apparatus according to claim 31, characterized in that said third sensor means (15c) is an electromyography-
electroencephalography unit.

35. An apparatus according to claim 34, characterized in that it further comprises a frequency dependent circuit for
separating the electromyography portion and the electroencephalography portion of said third signal (S3) from the
third sensor means (15c).

Patentansprüche

1. Verfahren zur Überwachung eines Zustands eines unter Anästhesie oder Sedierung stehenden Patienten, dadurch
gekennzeichnet, dass das Verfahren folgende Schritte aufweist:

- Aufnehmen von zumindest:

- einem ersten Signal (S1), oder einem ersten Signal (S1) und einem zweiten Signal (S2), das/die eine
kardiovaskuläre Aktivität des Patienten anzeigen, oder
- einem ersten Signal (S1), das eine kardiovaskuläre Aktivität des Patienten anzeigt, und einem dritten
Signal (S3), das ein kombiniertes elektrisches Biopotential der Schädelaktivität des Patienten anzeigt;
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- Ableiten:

- aus dem besagten ersten Signal (S1) mindestens einen ersten Parameter(Y)-Wert und einen zweiten
Parameter(X)-Wert oder
- aus dem besagten ersten Signal und aus dem besagten zweiten Signal (S1, S2) mindestens einen ersten
Parameter(Y)-Wert und einen dritten Parameter(T)-Wert, oder
- aus dem besagten ersten Signal (S1) mindestens einen ersten Parameter(Y)-Wert und von dem besagten
dritten Signal (S3) mindestens einen vierten Parameter(E)-Wert;
- Anlegen eines vorbestimmten mathematischen Index (P) zur Wahrscheinlichkeit einer Patientenbehag-
lichkeit, in welchem Index:

- der besagte mindestens erste und zweite Parameter (Y, X) Variablen sind, oder
- der besagte mindestens erste und dritte Parameter (Y, T) Variablen sind, oder
- der besagte mindestens erste und vierte Parameter (Y, E) Variablen sind;

- Berechnen aufeinander folgender Veränderungswerte des besagten mathematischen Index (P); und
- Anzeigen dieser aufeinander folgenden Indexwerte.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der besagte mindestens erste und zweite Parameter
(Y, X)-Wert, oder der besagte mindestens erste und dritte Parameter(Y, T)-Wert auf eine Quantität aus der Gruppe
von Quantitäten bezogen wird, die eine Wellenformamplitude, Wellenformperiodizität, Wellenformmorphologie oder
Wellenformvariabilität umfassen

3. Verfahren an Anspruch 1, dadurch gekennzeichnet, dass das besagte erste Signal (S1) betreffend die kardiova-
skuläre Aktivität ein Blutvolumensignal ist, dass nicht-invasiv unter Verwendung der Photoplethysmographie ge-
messen wird.

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dass:

- die Quantität für den besagten ersten Parameter(Y)-Wert eine Impuls-Wellenamplitude oder eine dikrotische
Einschnitthöhe in der Impuls-Welle ist;
- und die Quantität für den besagten zweiten Parameter(X)-Wert eine Impulsrate oder ein Herzschlagintervall
oder eine temporale Position des dikrotischen Einschnitts ist.

5. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass das besagte erstes Signal (S1) betreffend die kar-
diovaskuläre Aktivität ein Blutdrucksignal ist, das unter Verwendung eines Blutdruckmessgerätes gemessen wird.

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass:

- die Quantität für den besagten ersten Parameter(Y)-Wert ein systolischer, diastolischer oder gemittelter Blut-
druck ist, oder eine dikrotische Einfallhöhe in der Impulswelle;
- und die Quantität für den besagten zweiten Parameter(X)-Wert eine Impulsrate oder ein Herzschlagintervall
oder eine temporale Position des dikrotischen Einfalls ist.

7. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass das besagte zweite Signal (S2) die kardiovaskuläre
Aktivität betreffend eine Herzerregung ist, die nicht-invasiv unter Verwendung eines Elektrokardiogramms gemessen
wird.

8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, dass die Quantität für den besagten dritten Parameter
(T)-Wert ein Herzrate oder ein Zwischenschlag-Intervall der elektrischen Erregung ist.

9. Verfahrung nach Anspruch 1, dadurch gekennzeichnet, dass der besagte mindestens erste Parameter(Y)-Wert
auf eine Quantität bezogen ist, die aus einer Gruppe von Quantitäten ausgewählt ist, die eine WellenformAmplitude,
eine Wellenform-Periodizität, eine Wellenform-Morphologie oder eine Wellenform-Variabilität umfasst, und dass
der besagte mindestens vierte Parameter(E)-Wert auf eine Quantität bezogen ist, die aus einer Gruppe von Quan-
titäten ausgewählt ist, die Energie, Leistung, Signalkomplexität und einen Frequenzgehalt umfasst, alle jeweils über
ein vorbestimmtes Zeitintervall.
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10. Verfahren nach einem der Ansprüche 1 - 5, dadurch gekennzeichnet, dass das besagte dritte Signal (S3) eine
nicht-invasive Messung betreffend eine neuromuskuläre und Gehirn-Aktivität ist.

11. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dass die besagte neuromuskuläre und Gehirnaktivitäts-
Messung eine Elekromyographie und ein Elekroenzephalogramm umfasst.

12. Verfahren nach Anspruch 11, dadurch gekennzeichnet, dass ferner der Schritt einer Extraktion einer elektrischen
Myographiekomponente aus dem besagten dritten Signal (S3) als ein partielles EMG-Signal, und eine elektroen-
zephalographische Komponente als ein partielles EEG Signal umfasst sind.

13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass die Quantität für den besagten vierten Parameter
(T)-Wert eine spektrale Leistung ist, berechnet aus dem partiellen EMG-Signal.

14. Verfahren nach Anspruch 11 oder 12, dadurch gekennzeichnet, dass die Quantität für den besagten vierten
Parameter(T)-Wert eine Subtraktion einer Respons-Entropie ist, die aus dem besagten dritten Signal als Ganzes
berechnet wird, sowie einer Zustands-Entropie, die aus dem besagten partiellen EEG Signal berechnet wird.

15. Verfahren nach einem der Ansprüche 10 bis 14, dadurch gekennzeichnet, dass das erste Signal (S1) die kardio-
vaskuläre Aktivität betreffend eine Herzerregung ist, die nicht-invasiv unter Verwendung eines Elektrokardiogramms
gemessen wird.

16. Verfahren nach Anspruch 15, dadurch gekennzeichnet, dass die Quantität für den besagten ersten Parameter
(Y)-Wert eine Herzrate oder ein Zwischenschlagintervall der elektrischen Erregung ist.

17. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass es ferner folgende Schritte aufweist:

- eine online Aufnahme eines zweiten Signals (S2) zusätzlich zu dem besagten ersten und dritten Signal (S1,
S3), welches zweite Signal eine kardiovaskuläre Aktivität des Patienten darstellt;
- Ableiten eines dritten Parameter(T)-Wertes aus dem besagten ersten und zweiten Signal, das bezogen ist
auf eine Quantität, die aus einer Gruppe von Quantitäten ausgewählt ist, die Wellenform-Amplituden, eine
Wellenform-Periodizität, Wellenform-Morphologie und eine Wellenform-Variabilität umfasst; und
- Einführen des besagten mindestens dritten Parameters in den besagten vorbestimmten mathematischen
Index (P) als eine zusätzliche Variable.

18. Verfahren nach Anspruch 17, dadurch gekennzeichnet, dass die Quantität für den besagten ersten Parameter
(Y)-Wert eine Herzrate oder ein Zwischenschlagintervall der elektrischen Erregung ist.

19. Verfahrung nach Anspruch 1, dadurch gekennzeichnet, dass der besagte mathematische Index (P) für die Wahr-
scheinlichkeit eine nicht lineare Gleichung ist.

20. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der besagte mathematische Index (P) für die Wahr-
scheinlichkeit ein neuraler Netzwerkalgorithmus ist.

21. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der mathematische Index (P) für die Wahrschein-
lichkeit auf einer Fuzzy-Regel basierenden Logik-Prozedur basiert.

22. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass es den Schritt einer Normierung des besagten ersten
und zweiten Parameter(Y, X)-Wertes, oder des besagten mindestens ersten und dritten Parameter(Y, T)-Wertes
oder des besagten ersten und vierten Parameter(Y, E)-Wertes der Grundlage ihrer entsprechenden Parameterwerte
umfasst, die über ein vorbestimmtes fixiertes Zeitfenster einschließlich oder ausschließlich des letzten Echtzeitpa-
rameterwertes erhalten werden.

23. Verfahren nach Anspruch 22, dadurch gekennzeichnet, dass die besagten normierten Parameterwerte erhalten
werden:

- von den Patienten vor einem Eingriff, oder vor einer Intubation oder vor dem Beginn einer Anästhesie oder
Sedierung, oder
- von einer Gruppe von Patienten vor oder während des Eingriffs und/oder einer Intubation und/ oder einer
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Anästhesie oder Sedierung.

24. Vorrichtung zur Überwachung eines Zustandes eines Patienten, der unter einer Anästhesie oder Sedierung steht,
dadurch gekennzeichnet, dass die Vorrichtung aufweist:

- mindestens erstes Sensormittel (15a) zum Aufnehmen eines ersten elektrischen Signals (S1), das eine kar-
diovaskuläre Aktivität des Patienten darstellt;
- Erste Zeiterfassungsmittel (5a) und einen ersten spannungs-/stromabhängigen Kreis (6a), der an den Sen-
sormitteln (15a) angeschlossen ist;
- erste Speichermittel (11) zum Speichern von Kriterien vorbestimmter Impuls-Wellenparameter, die aus dem
ersten Signal (S1) extrahiert werden;
- Erste Ableitmittel (8a), die an die besagten ersten Speichermittel (11), die ersten Zeiterfassungsmittel (5a)
und an den besagten ersten spannungs-/stromabhängigen Kreis (6a) zum Extrahieren erster und zweiter Werte
der vorbestimmten Impuls-Wellenparameter (Y, X) angeschlossen sind;
- zweite Berechnungsmittel (2) zum sukzessiven Ausführen eines vorbestimmten mathematischen Programms
mit temporär variablen mathematischen Index(P)-Werten für die Wahrscheinlichkeit einer Patientenbehaglich-
keit, basierend auf den ersten und zweiten Impulswellenparameter(Y, X)-Werten als ein Ausgang; und
- ein Display (25) und/oder Anschlüsse (26) für weitere Vorrichtungen.

25. Vorrichtung nach Anspruch 24, dadurch gekennzeichnet, dass sie ferner zweite Speichermittel (12) zum Speichern
von Impulswellenparameterwerten aufweist, die vor dem besagten Aufnehmen der besagten elektrischen Signale
(S1 und/ oder S2) aufgenommen werden.

26. Vorrichtung nach Anspruch 24, dadurch gekennzeichnet, dass die besagten ersten Sensormittel (15a) eine pho-
toplethysmographische Einheit oder eine Druckumformereinheit darstellen.

27. Vorrichtung zum Überwachen eines Zustands eines Patienten, der unter einer Anästhesie oder Sedierung steht,
dadurch gekennzeichnet, dass die Vorrichtung aufweist:

- mindestens erstes Sensormittel (15a) und zweite Sensormittel (16b) zum Aufnehmen erster und zweiter
elektrischer Signale (S1 und S2), die eine kardiovaskuläre Aktivität des Patienten darstellen;
- erste und zweite Zeiterfassungsmittel (5a und 5b), und einen ersten und zweiten spannungs/stromabhängigen
Kreis (6a und 6b), die an den besagten Sensormitteln (15a, 16a) angeschlossen sind;
- erste Speichermittel (11), die Kriterien von vorbestimmten Impulswellenparametern speichern, die aus den
besagten Signalen (S1 und S2) extrahiert werden;
- erste Ableitmittel (8a), die an die ersten Speichermittel (11), an die ersten Zeiterfassungsmittel (5a) und an
den ersten spannungs-/stromabhängigen Kreis (6a) angeschlossen sind zum Extrahieren erster Werte der
besagten vorbestimmten Impulswellenparameter;
- zweite Ableitmittel (8b), die an die besagten ersten Speichermittel (11), die zweiten Zeiterfassungsmittel (5b)
und den zweiten spannungs-/ stromabhängige Kreis (6b) angeschlossen sind zum Extrahieren dritter Werte
der besagten vorbestimmten Impulswellenparameter (Y, T);
- zweite Berechnungsmittel (2) zum sukzessiven Ausführen eines vorbestimmten mathematischen Programms
mit temporären Variablen mathematischer Index(P)-Werte für die Wahrscheinlichkeit einer Patientenbehaglich-
keit, basierend auf den ersten und dritten Impulswellenparameter(Y, T)-Werten als ein Ausgang; und
- ein Display (25) und/oder Anschlüsse (26) an weiteren Vorrichtungen.

28. Vorrichtung nach Anspruch 27, dadurch gekennzeichnet, dass sie ferne zweite Speichermittel (12) zum Speichern
von Impulswellenparameterwerten aufweist, die vor dem Aufnehmen der besagten elektrischen Signale aufgenom-
men werden.

29. Vorrichtung nach Anspruch 27, dadurch gekennzeichnet, dass die ersten Sensormittel (15a) eine Photoplethys-
mographie-Einheit oder eine Druckumformereinheit darstellen.

30. Vorrichtung nach Anspruch 27, dadurch gekennzeichnet, dass die zweiten Sensormittel (15b) eine elektrokar-
diographische Einheit sind.

31. Vorrichtung zum Überwachen eines Zustands eines Patienten, der unter einer Anästhesie oder Sedierung steht,
dadurch gekennzeichnet, dass die Vorrichtung aufweist:



EP 1 495 715 B1

19

5

10

15

20

25

30

35

40

45

50

55

- mindestens erstes Sensormittel (15a) und dritte Sensormittel (15c) zum Aufnehmen erster und dritter elektri-
scher Signale (S1 und S3), die eine kardiovaskuläre Aktivität und beziehungsweise ein elektrisches Biopotential
der Schädelaktivität des Patienten darstellen;
- erste und dritte Zeiterfassungsmittel (5a und 5c), und einen ersten und dritten spannungs/stromabhängigen
Kreis (6a und 6c), die an den besagten Sensormitteln (15a, 15c) angeschlossen sind;
- erste Speichermittel (11), die Kriterien von vorbestimmten Impulswellenparametern speichern, die aus den
besagten Signalen (S1 und S3) extrahiert werden;
- erste Ableitmittel (8a), die an die ersten Speichermittel (11), an die ersten Zeiterfassungsmittel (5a) und an
den ersten spannungs-/stromabhängigen Kreis (6a) angeschlossen sind zum Extrahieren erster Werte der
besagten vorbestimmten Impulswellenparameter (Y, E);
- erste Berechnungsmittel (8b), die an die besagten ersten Speichermittel (11), die dritten Zeiterfassungsmittel
(5c) und den dritten spannungs-/stromabhängigen Kreis (6b) angeschlossen sind zum Extrahieren vierter Werte
der besagten vorbestimmten Biopotentialparameter (Y, T);
- zweite Berechnungsmittel (2) zum sukzessiven Ausführen eines vorbestimmten mathematischen Programms
mit temporären Variablen mathematischer Index(P)-Werte für die Wahrscheinlichkeit einer Patientenbehaglich-
keit, basierend auf den ersten und vierten Impulswellenparameter(Y, T)-Werten als ein Ausgang; und
- ein Display (25) und/oder Anschlüsse (26) an weiteren Vorrichtungen.

32. Vorrichtung nach Anspruch 31, dadurch gekennzeichnet, dass sie ferner zweite Speichermittel (12) zum Speichern
von Impulswellenparameterwerten aufweist, die vor dem besagten Aufnehmen der besagten elektrischen Signale
aufgenommen werden.

33. Vorrichtung nach Anspruch 31, dadurch gekennzeichnet, dass die ersten Sensormittel (15a) eine Photoplethys-
mographische Einheit oder eine Druckumformereinheit darstellen.

34. Vorrichtung nach Anspruch 31, dadurch gekennzeichnet, dass die dritten Sensormittel (15c) eine elektromyo-
graphische-elektroenzephalographische Einheit sind.

35. Vorrichtung nach Anspruch 34, dadurch gekennzeichnet, dass sie ferner einen frequenzabhängigen Kreis zum
Separieren des elektromyographischen Anteils und des elektroenzephalographischen Anteils des besagten dritten
Signals (S3) von den dritten Sensormitteln (15c) aufweist.

Revendications

1. Procédé pour surveiller une condition d’un patient sous anesthésie ou sédation, caractérisé en ce que le procédé
comprend les étapes consistant à :

- acquérir au moins :

- un premier signal (S1), ou un premier signal (S1) et un deuxième signal (S2) représentant une activité
cardiovasculaire du patient, ou
- un premier signal (S1) représentant une activité cardiovasculaire du patient, et un troisième signal (S3)
représentant un biopotentiel électrique combiné concernant l’activité crânienne du patient ;

- déduire :

- dudit premier signal (S1), au moins une valeur de premier paramètre (Y) et une valeur de deuxième
paramètre (X), ou
- dudit premier signal et dudit deuxième signal (S1, S2), au moins une valeur de premier paramètre (Y) et
une valeur de troisième paramètre (T), ou
- dudit premier signal (S1), au moins une valeur de premier paramètre (Y), et dudit troisième signal (S3),
au moins une valeur de quatrième paramètre (E) ;

- appliquer un indice mathématique (P) prédéterminé pour la probabilité de confort du patient, dans lequel indice :

- lesdits au moins premier et deuxième paramètres (Y, X) sont variables, ou
- lesdits au moins premier et troisième paramètres (Y, T) sont variables, ou
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- lesdits au moins premier et quatrième paramètres (Y, E) sont variables ;

- calculer les valeurs variant successivement dudit indice mathématique (P) ; et
- indiquer lesdits valeurs d’indice successives.

2. Procédé selon la revendication 1, caractérisé en ce que les valeurs desdits au moins premier et deuxième para-
mètres (Y, X), ou les valeurs desdits au moins premier et troisième paramètres (Y, T) sont liées à une quantité
sélectionnée d’un groupe de quantités comprenant une amplitude de forme d’onde, une périodicité de forme d’onde,
une morphologie de forme d’onde et une variabilité de forme d’onde.

3. Procédé selon la revendication 1, caractérisé en ce que ledit premier signal (S1) concernant l’activité cardiovas-
culaire est un signal de volume sanguin mesuré de manière non invasive en utilisant une pléthysmographie optique.

4. Procédé selon la revendication 3, caractérisé en ce que :

- la quantité pour la valeur dudit premier paramètre (Y) est une amplitude d’onde de pression, ou une hauteur
d’incisure dicrote dans l’onde de pression ;
- et la quantité pour la valeur dudit deuxième paramètre (X) est une fréquence du pouls, ou un intervalle de
battement cardiaque, ou une position temporelle de l’incisure dicrote.

5. Procédé selon la revendication 1, caractérisé en ce que ledit premier signal (S1) concernant l’activité cardiovas-
culaire est un signal de pression artérielle mesuré en utilisant une mesure de pression.

6. Procédé selon la revendication 5, caractérisé en ce que :

- la quantité pour la valeur dudit premier paramètre (Y) est une pression artérielle systolique, diastolique ou
moyenne, ou une hauteur d’incisure dicrote dans l’onde de pression ;
- et la quantité de la valeur dudit deuxième paramètre (X) est une fréquence du pouls, ou un intervalle de
battement de coeur, ou une position temporelle de l’incisure dicrote.

7. Procédé selon la revendication 1, caractérisé en ce que ledit deuxième signal (S2) concernant l’activité cardio-
vasculaire est une excitation cardiaque mesurée de manière non invasive en utilisant un électrocardiogramme.

8. Procédé selon la revendication 7, caractérisé en ce que la quantité pour la valeur dudit troisième paramètre (T)
est une fréquence cardiaque ou un intervalle inter-battements de l’excitation électrique.

9. Procédé selon la revendication 1, caractérisé en ce que la valeur dudit au moins un premier paramètre (Y) est
liée à une quantité sélectionnée dans un groupe de quantités comprenant une amplitude de fonde d’onde, une
périodicité de forme d’onde, une morphologie de forme d’onde et une variabilité de forme d’onde, et en ce que la
valeur dudit au moins quatrième paramètre (E) est liée à une quantité sélectionnée dans un groupe de quantités
comprenant une énergie, une puissance, une complexité de signal et un contenu fréquentiel, chacune sur une
période de temps prédéterminée.

10. Procédé selon l’une quelconque des revendications 1 à 5, caractérisé en ce que ledit troisième signal (S3) est
une mesure non invasive concernant l’activité neuromusculaire et cérébrale.

11. Procédé selon la revendication 10, caractérisé en ce que ladite mesure d’activité neuromusculaire et cérébrale
comprend une électromyographie et un électroencéphalogramme.

12. Procédé selon la revendication 11, caractérisé en ce qu’il comprend en outre l’étape d’extraction de la composante
électromyographique dudit troisième signal (S3) en tant que signal partiel d’EMG, et de la composante élec-
troencéphalographique en tant que signal partiel d’EEG.

13. Procédé selon la revendication 12, caractérisé en ce que la quantité pour la valeur dudit quatrième paramètre (T)
est une puissance spectrale calculée à partir dudit signal partiel d’EMG.

14. Procédé selon les revendications 11 et 12, caractérisé en ce que la quantité pour la valeur dudit quatrième
paramètre (T) est une soustraction d’une entropie de réponse, calculée à partir dudit troisième signal global, et
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d’une entropie d’état, calculée à partir dudit signal partiel d’EEG.

15. Procédé selon l’une quelconque des revendications 10 à 14, caractérisé en ce que ledit premier signal (S1)
concernant l’activité cardiovasculaire est une excitation cardiaque mesurée de manière non invasive en utilisant un
électrocardiogramme.

16. Procédé selon la revendication 15, caractérisé en ce que la quantité pour la valeur dudit premier paramètre (Y)
est une fréquence cardiaque ou un intervalle inter-battements de l’excitation électrique.

17. Procédé selon la revendication 1, caractérisé en ce qu’il comprend en outre les étapes consistant à :

- acquérir, en plus desdits premier et troisième signaux (S1, S3), en ligne un deuxième signal (S2) représentant
une activité cardiovasculaire du patient ;
- déduire, desdits premier et deuxième signaux, une valeur de troisième paramètre (T) liée à une quantité
sélectionnée dans un groupe de quantités comprenant des amplitudes de forme d’onde, une périodicité de
forme d’onde, une morphologie de forme d’onde et une variabilité de forme d’onde ; et
- introduire ledit au moins troisième paramètre dans ledit indice mathématique (P) prédéterminé en tant que
variable supplémentaire.

18. Procédé selon la revendication 17, caractérisé en ce que la quantité pour la valeur dudit premier paramètre (Y)
est une fréquence cardiaque ou un intervalle inter-battements de l’excitation électrique.

19. Procédé selon la revendication 1, caractérisé en ce que ledit indice mathématique (P) pour la probabilité est une
équation non linéaire.

20. Procédé selon la revendication 1, caractérisé en ce que ledit indice mathématique (P) pour la probabilité est un
algorithme de réseau neuronal.

21. Procédé selon la revendication 1, caractérisé en ce que ledit indice mathématique (P) pour la probabilité est basé
sur une procédure de raisonnement à base de règles définies ou floues.

22. Procédé selon la revendication 1, caractérisé en ce qu’il comprend en outre l’étape de normalisation des valeurs
desdits premier et deuxième paramètres (Y, X), ou des valeurs desdits au moins premier et troisième paramètres
(Y, T), ou des valeurs desdits premier et quatrième paramètres (Y, E) sur la base de leurs valeurs de paramètre
respectives acquises dans une fenêtre de temps fixée prédéterminée comprenant ou excluant la dernière valeur
de paramètre en temps réel.

23. Procédé selon la revendication 22, caractérisé en ce que lesdites valeurs de paramètre normalisées sont acquises :

- auprès dudit patient avant une incision, ou avant une intubation, ou avant le début d’une anesthésie ou d’une
sédation, ou
- auprès d’un groupe de patients avant ou pendant une incision et/ou une intubation et/ou une anesthésie ou
une sédation.

24. Appareil pour surveiller une condition d’un patient sous anesthésie ou sédation, caractérisé en ce que l’appareil
comprend :

- au moins des premiers moyens formant capteur (15a) pour recevoir un premier signal électrique (S1) repré-
sentant une activité cardiovasculaire du patient ;
- des premiers moyens de mesure de temps (5a) et un premier circuit dépendant de la tension/du courant (6a)
connectés auxdits moyens formant capteur (15a) ;
- des premiers moyens formant mémoire (11) mémorisant des critères de paramètres d’onde de pression
prédéterminés à extraire dudit signal (S1) ;
- des premiers moyens de déduction (8a) connectés auxdits premiers moyens formant mémoire (11), auxdits
premiers moyens de mesure de temps (5a) et audit premier circuit dépendant de la tension/du courant (6a)
pour extraire des premières et deuxièmes valeurs desdits paramètres d’onde de pression (Y, X) prédéfinis ;
- des deuxièmes moyens de calcul (2) pour effectuer successivement un programme mathématique prédéter-
miné ayant des valeurs d’indice mathématique (P) variables dans le temps pour la probabilité de confort du
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patient, sur la base desdites premières et deuxièmes valeurs de paramètres d’onde de pression (Y, X), en tant
que sortie ; et
- un afficheur (25) et/ou des connexions (26) dans d’autres dispositifs.

25. Appareil selon la revendication 24, caractérisé en ce qu’il comprend en outre des deuxièmes moyens formant
mémoire (12) pour mémoriser les valeurs de paramètres d’onde de pression acquises avant ladite réception desdits
signaux électriques (S1 et/ou S2).

26. Appareil selon la revendication 24, caractérisé en ce que lesdits premiers moyens formant capteur (15a) sont une
unité de pléthysmographie optique, ou une unité de transducteur de pression.

27. Appareil pour surveiller une condition d’un patient sous anesthésie ou sédation, caractérisé en ce que l’appareil
comprend :

- au moins des premiers moyens formant capteur (15a) et des deuxièmes moyens formant capteur (16b) pour
recevoir des premier et deuxième signaux électriques (S1 et S2) représentant une activité cardiovasculaire du
patient ;
- des premiers et deuxièmes moyens de mesure de temps (5a et 5b), et des premier et deuxième circuits
dépendant de la tension/du courant (6a et 6b) connectés auxdits moyens formant capteur (15a, 16a) ;
- des premiers moyens formant mémoire (11) mémorisant des critères de paramètres d’onde de pression
prédéterminés à extraire desdits signaux (S1 et S2) ;
- des premiers moyens de déduction (8a) connectés auxdits premiers moyens formant mémoire (11), auxdits
premiers moyens de mesure de temps (5a) et audit premier circuit dépendant de la tension/du courant (6a)
pour extraire des premières valeurs desdits paramètres d’onde de pression prédéfinis ;
- des deuxièmes moyens de déduction (8b) connectés auxdits premiers moyens formant mémoire (11), auxdits
deuxièmes moyens de mesure de temps (5b) et audit deuxième circuit dépendant de la tension/du courant (6b)
pour extraire des troisièmes valeurs desdits paramètres d’onde de pression (Y, T) prédéfinis ;
- des deuxièmes moyens de calcul (2) pour effectuer successivement un programme mathématique prédéter-
miné ayant des valeurs d’indice mathématique (P) variables dans le temps pour la probabilité de confort du
patient, sur la base desdites premières et troisièmes valeurs de paramètres d’onde de pression (Y, T), en tant
que sortie ; et
- un afficheur (25) et/ou des connexions (26) dans d’autres dispositifs.

28. Appareil selon la revendication 27, caractérisé en ce qu’il comprend en outre des deuxièmes moyens formant
mémoire (12) pour mémoriser les valeurs de paramètres d’onde de pression acquises avant ladite réception desdits
signaux électriques.

29. Appareil selon la revendication 27, caractérisé en ce que lesdits premiers moyens formant capteur (15a) sont une
unité de pléthysmographie optique, ou une unité de transducteur de pression.

30. Appareil selon la revendication 27, caractérisé en ce que lesdits deuxièmes moyens formant capteur (15b) sont
une unité d’électrocardiographie.

31. Appareil pour surveiller une condition d’un patient sous anesthésie ou sédation, caractérisé en ce que l’appareil
comprend :

- au moins des premiers moyens formant capteur (15a) et des troisièmes moyens formant capteur (15c) pour
recevoir des premier et troisième signaux électriques (S1 et S3) représentant une activité cardiovasculaire et
respectivement un biopotentiel électrique concernant l’activité crânienne du patient ;
- des premiers et troisièmes moyens de mesure de temps (5a et 5c), et des premier et troisième circuits
dépendant de la tension/du courant (6a et 6c) connectés auxdits moyens formant capteur (15a, 15c) ;
- des premiers moyens formant mémoire (11) mémorisant des critères de paramètres prédéterminés à extraire
desdits signaux (S1 et S3) ;
- des premiers moyens de déduction (8a) connectés auxdits premiers moyens formant mémoire (11), auxdits
premiers moyens de mesure de temps (5a) et audit premier circuit dépendant de la tension/du courant (6a)
pour extraire des premières valeurs des paramètres d’onde de pression prédéterminés (Y, E) ;
- des premiers moyens de calcul (8b) connectés auxdits premiers moyens formant mémoire (11), auxdits troi-
sièmes moyens de mesure de temps (5c) et audit troisième circuit dépendant de la tension/du courant (6c) pour
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extraire des quatrièmes valeurs de paramètres de biopotentiel prédéterminés ;
- des deuxièmes moyens de calcul (2) pour effectuer successivement un programme mathématique prédéter-
miné ayant des valeurs d’indice mathématique (P) variables dans le temps pour la probabilité de confort du
patient, sur la base desdites premières et quatrièmes valeurs de paramètres (Y, E), en tant que sortie ; et
- un afficheur (25) et/ou des connexions (26) dans d’autres dispositifs.

32. Appareil selon la revendication 31, caractérisé en ce qu’il comprend en outre des deuxièmes moyens formant
mémoire (12) pour mémoriser les valeurs de paramètres d’onde de pression acquises avant ladite réception desdits
signaux électriques.

33. Appareil selon la revendication 31, caractérisé en ce que lesdits premiers moyens formant capteur (15a) sont une
unité de pléthysmographie optique, ou une unité de transducteur de pression.

34. Appareil selon la revendication 31, caractérisé en ce que lesdits troisièmes moyens formant capteur (15c) sont
une unité d’électromyographie-électroencéphalographie.

35. Appareil selon la revendication 34, caractérisé en ce qu’il comprend en outre un circuit dépendant de la fréquence
pour séparer la partie d’électromyographie et la partie d’électroencéphalographie dudit troisième signal (S3) pro-
venant des troisièmes moyens formant capteur (15c).
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