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REAL-TIME MONITORING OF THE STATE OF
THE AUTONOMOUS NERVOUS SYSTEM OF A
PATIENT

FIELD OF THE INVENTION

[0001] The present invention relates generally to a method
and arrangement for monitoring the state or activity of the
autonomous nervous system (ANS) of a patient. As
described below, the state of the ANS may be evaluated in
various ways utilizing a physiological signal which is
affected by the ANS through its regulation of various body
functions. One example of such an evaluation process is the
determination of the sympatho-vagal balance of a patient.

BACKGROUND OF THE INVENTION

[0002] Autonomic nervous system (ANS) is the “uncon-
scious’ nervous system that controls and regulates virtually
all of our basic body functions, such as cardiac function,
blood circulation and glandural secretion. The main parts of
the ANS are the parasympathetical and sympathetical ner-
vous branches. The sympathetical nervous system usually
prepares us for high stress situations by speeding up body
functions, while the parasympathetical system restores,
under conditions of normal ANS regulation, normal condi-
tions in blood circulation by slowing down the heart rate
(HR). The heart rate is mainly controlled by the parasym-
pathetical vagal nerve. Pain, discomfort, and surgical stress
may activate the sympathetical branch of the ANS and cause
an increase in blood pressure, heart rate and adrenal secre-
tion.

[0003] Sympathetical activation is often manifested in
large low frequency (LF) variations in the heart rate, in
blood pressure, and peripheral blood circulation. Vagal
activation is mainly seen in heart rate, but also in blood
pressure and circulation in high frequency (HF) band, in
which modulations are usually largest. The HF component
arises mainly due to respiratory influence. The sympatho-
vagal balance is described by the LF/HF power ratio. This
ratio is traditionally estimated in spectral domain. Fourier
analysis is used to calculate the spectral power at fixed LF
(below 0.15 Hz) and HF (from 0.15 to 0.4 Hz) frequency
bands. The technique is well known in Heart Rate Variability
(HRV) analysis.

[0004] Pain is an unpleasant sensory or emotional expe-
rience that is associated with actual or potential tissue
damaging stimuli. It is always an individual and subjective
sensation, which may be acute (nociceptive), elicited by
noxious stimuli, or chronic pain that has outlived its use-
fulness to preserve tissue integrity. The perception of pain
takes mainly place at cortex, and it may be suppressed in
deep sedation and anesthesia by the general (global) inhibi-
tory effects of sedative drugs and anesthetic agents. The
responses to noxious stimulus may also be suppressed when
the pain signal pathway is sufficiently suppressed at the
subcortical level, often in the region of the brainstem and
spinal cord. Both cortical and subcortical mechanisms play
a role in pain management in modern surgical anesthesia or
intensive care.

[0005] Analgesia refers to the absence of pain or loss of
sensitivity to pain without unconsciousness in response to
stimulation that would normally be painful.
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[0006] When developing ‘index type” numeric or other
indicators reflecting the state of a patient, such as the activity
of the ANS, the basic difficulty is to associate the index with
a fixed scale in situations, in which the basic physiological
parameters, such as the HR, measured from the patient do
not have any ‘normal’ values, but vary over a wide range of
values even in case of healthy patients. A special difficulty
when evaluating the state of the ANS with the objective of
getting an estimate of the adequacy of analgesia, for
example, is the lack of an exact measure of the adequacy of
analgesia, i.e. there is no quantity that can be directly related
either to the adequacy of analgesia or to a specific drug
(opioid) effect or body reflex. Furthermore, a change in a
basic physiological parameter measured may indicate
another physiological cause than the (in)adequacy of anal-
gesia. In other words, the difficulty also lies in finding a
measure that would be specific to the variable estimated,
such as to the adequacy of analgesia.

[0007] Artificial ventilation of a patient shall often be
considered as a stress factor for the patient. It can also
generate artifacts in the signal, because the HF modulation
may be excessively influenced by the resulting overpressure
in the lungs and airways. In spontaneous (normal) breathing,
this situation is seldom reached in such a degree. In normal
breathing, the pressure and flow sensitive receptors in the
atria of the heart and in the pulmonary and aortic vessels
signal differently than in artificial overpressure ventilation.
For example, the heart rate of a spontaneously breathing
patient accelerates during inhalation and decelerates during
exhalation, whereas the opposite occurs in overpressure
ventilation. The ANS regulation of the blood circulation and
heart rate is thus disturbed, which calls for special algo-
rithms for estimating the sympathetical and parasympatheti-
cal activations and their balance.

[0008] As mentioned above, the sympatho-vagal balance
is a well-known tool in HRV analysis for examining car-
diovascular neural regulation. A general drawback related to
the determination of the sympatho-vagal balance is that the
current analysis method based on Fast Fourier Transform
(FFT) is not suitable for real-time monitoring of a patient.
This is due to the fact that a certain time, typically at least
1 to 2 minutes, is needed to obtain the frequency compo-
nents of the signal. The main reason for the delay is the time
needed to analyze the low frequency variations, i.e. the LF
component of the signal, since several cycles are needed for
the result.

[0009] Furthermore, the current analysis method is not
suitable for patient monitoring systems requiring an analysis
of non-stationary signals, such as noxious responses. Fast
responses, i.e. responses with durations of about 10 to 15
sec, always cause non-stationarities in the signal. The FFT
does not yield a reliable result in case of non-stationary
signals including step-like changes in the signal values, and
therefore the FFT should not be used for such signals.

[0010] The present invention seeks to alleviate or elimi-
nate the above drawbacks and to bring about a mechanism
that enables reliable real-time monitoring of the state or
activity of the autonomous nervous system of a patient.

SUMMARY OF THE INVENTION

[0011] The invention seeks to provide a mechanism that
allows real-time monitoring of the state of the autonomous
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nervous system of the patient. The present invention further
seeks to provide a mechanism that yields a reliable result
also when the physiological signal on which the monitoring
is based is a non-stationary signal.

[0012] The present invention is based on the idea that the
respiration originated modulation in the ANS activity may
be used as a measure of the state of the ANS. In order to be
able to distinguish the effects which disturb the operation of
the ANS from the effects that do not carry any information
about the state of the ANS, such as the effects caused by the
mechanical operation of a respirator, a signal indicative of
the respiration rhythm of the patient is generated and used to
produce an indicator signal, which is based on a physiologi-
cal signal measured from the patient. The indicator signal
may be, for example, indicative of the irregularity of the
respiration modulation in the physiological signal. If the
respiration modulation is regular, i.e. if it repeats itself
similarly from one respiration cycle to another, the ANS
regulation is normal or not disturbed by external factors.
However, the more there are irregularities in the respiration
modulation, the more the operation of the ANS is disturbed
by adverse factors, such as pain or discomfort.

[0013] Thus one aspect of the invention is providing a
method for monitoring the state of the autonomous nervous
system of a patient. The method includes acquiring a first
measurement signal from a patient, the first measurement
signal representing a physiological signal measured from the
patient and obtaining a second measurement signal indica-
tive of a respiration rhythm of the patient. The method
further includes generating, based on the first and second
measurement signals, at least one indicator signal for obtain-
ing an indication of the state of the autonomous nervous
system of the patient.

[0014] Another aspect of the invention is that of providing
an arrangement for monitoring the state of the autonomous
nervous system of a patient. In one embodiment, the
arrangement includes a measurement device configured to
acquire a first measurement signal from a patient, the first
measurement signal representing a physiological signal
measured from the patient, an input configured to receive a
second measurement signal indicative of respiration rhythm
of the patient, and a first controller configured to generate,
by means of the first and second measurement signals, at
least one indicator signal to obtain an indication of the state
of the autonomous nervous system of the patient.

[0015] In a further embodiment, the invention provides a
computer program embodied on a computer-readable
medium for monitoring the state of the autonomous nervous
system of a patient. The computer-readable program code
comprises a first computer-readable program code portion
for receiving first measurement signal data, the first mea-
surement signal data representing a physiological signal
measured from the patient, a second computer-readable
program code portion for receiving second measurement
signal data indicative of a respiration rhythm of the patient,
and a third computer-readable program code portion for
generating, by means of the first and second measurement
signal data, at least one indicator signal for obtaining an
indication of the state of the autonomous nervous system of
the patient.

[0016] As disclosed below, the indicator signal may be
determined in various ways, and the said signal may be
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utilized in various ways to obtain an indication of the state
of the ANS of the patient. In one embodiment of the
invention, the state of the ANS is estimated by calculating
the sympatho-vagal balance of the patient, or a ratio similar
to the sympatho-vagal balance. However, the solution of the
invention may also be utilized for calculating other variables
indicative of the state of the ANS of the patient, such as an
index indicative of the adequacy of analgesia or an index
indicative of the depth of anesthesia.

[0017] Using the technique of the invention, the result is
obtained within a time period of only about one respiration
cycle, which is normally between 5 and 10 sec. Furthermore,
as the present invention is based on a time domain analysis
of the physiological signal, it is not disturbed by the non-
stationarities in the signal. A further advantage of the solu-
tion of the invention is that the modulation at the respiration
frequency may have any waveform. In other words, the
mechanism of the invention is also able to take into account
waveforms different to sinusoidal waveforms.

[0018] Other features and advantages of the invention will
become apparent by reference to the following detailed
description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] In the following, the invention and its preferred
embodiments are described more closely with reference to
the examples shown in FIGS. 1 to 13 in the appended
drawings, wherein:

[0020] FIG. 1 is a flow diagram illustrating one embodi-
ment of the invention;

[0021] FIGS. 2 and 3 illustrate an example of the extrac-
tion of the low frequency component of the physiological
signal or parameter in the embodiment of FIG. 1,

[0022] FIG. 4 illustrates an alternative embodiment for
the extraction of the low frequency component;

[0023] FIG. 5 illustrates one embodiment for generating a
signal indicative of the irregularity of the respiration modu-
lation;

[0024] FIGS. 6 and 7 are flow diagrams illustrating,
respectively, two further embodiments of the invention;

[0025] FIG. 8 illustrates one embodiment of the normal-
ization process according to the invention;

[0026] FIGS. 9a to 94 illustrate another embodiment of
the normalization process of the invention;

[0027] FIG. 10 is a flow diagram illustrating a further
embodiment of the invention;

[0028] FIG. 11 illustrates an RRI signal and its low
frequency component extracted by the method of the inven-
tion;

[0029] FIG. 12 illustrates the residual signal remaining

after the low frequency component has been extracted from
the RRI signal of FIG. 10; and

[0030] FIG. 13 illustrates one embodiment of a system
according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0031] FIG. 1 illustrates one embodiment of the present
invention. For the actual measurement, signal data is first
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obtained from the patient. This may be implemented in a
conventional manner, i.e. while the patient is connected to a
patient monitoring system a physiological signal is recorded
and stored in a memory of a monitoring device. The physi-
ological signal may be, for example, an ECG waveform or
a photoplethysmographic signal, a blood pressure signal or
a signal representing a physiological trend parameter, such
as heart rate, pulse rate, or blood pressure. However, as
discussed below, the physiological signal is such that the
respiration of the patient causes modulation to the signal.

[0032] The recorded signal data may then be pre-pro-
cessed for extracting the parameters that are not directly
available as a trend parameter, such as beat-to-beat or
cycle-to-cycle intervals of the waveform. For example, to
obtain an RRI signal the moments at which the R-peaks
occur in the QRS-complex are extracted from an ECG
waveform, and the R-to-R intervals are recorded. In case of
a plethysmographic waveform, the pulse amplitude may be
extracted for each pulse beat.

[0033] A time series is then formed from the values of the
extracted signal. The above steps may thus be performed at
step 10 shown in the figure. Below, the time series or
waveform of the physiological signal or parameter thus
obtained is termed the first measurement signal.

[0034] Simultaneously with the recording of the first mea-
surement signal, a respiration-related measurement signal is
obtained from the patient or from a respirator (step 11).
Below, this signal is termed the second measurement signal.
The second measurement signal is indicative of the respi-
ration rhythm of the patient.

[0035] Inthe embodiment of FIG. 1, the second measure-
ment signal indicates the phase of the respiration rhythm of
the patient, such as the start of each inspiration period. This
signal may be obtained by any suitable means. If the patient
is artificially ventilated, the second measurement signal may
be obtained from the respirator or ventilator in question. If
the patient is breathing normally, the respiration rhythm may
be obtained from a strain-gauge transducer attached around
the chest of the patient, for example. It is thus also to be
noted here that in this context the term respiration covers
both normal and artificial breathing.

[0036] The first measurement signal is then subjected to an
interpolation step 14 where information about the phase of
the respiration of the patient is attached to it. Each respira-
tion cycle is divided into a fixed number of time slots and in
step 14 the values of the first measurement signal at said
time slots are defined. Step 14 thus outputs a time series in
which the successive data points are synchronized with the
respiration rhythm of the patient, i.e. for each respiration
cycle of the patient a predetermined number of data points
(signal values) are obtained at regular intervals, the said
predetermined number being independent of the length of
the respiration cycle or the number of heart beats within in
the respiration cycle, for example.

[0037] Alow frequency (LF) component is then separated
from the synchronized time series in step 15 by first remov-
ing a periodic signal component having a period equal to the
respiration cycle. As a result, the low frequency component
and a residual signal (RS) are obtained (step 16). The
residual signal includes a high frequency (HF) component
and possibly also a fast beat-to-beat component, if the
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physiological signal is a heart rate related signal. The
beat-to-beat component results from beat-to-beat variations
in a heart rate related physiological signal. The HF compo-
nent is also termed a respiration component, since it repre-
sents variations having substantially the same periodicity as
the respiration. The LF and B2B component, respectively,
represent variations slower and faster than the periodicity of
the respiration.

[0038] FIGS. 2 and 3 illustrate one embodiment of the
calculation performed in step 15. FIG. 2 is a time line
showing a synchronized time series 20 obtained from step
14 and the synchronization signal 21 obtained from step 11.
The synchronization signal indicates the start of each res-
piration cycle, the start moments being denoted by down-
ward arrows in the figure. It is assumed here that each
respiration cycle includes K=16 interpolated signal values
(data points) S;, where the subscript i is the sequence number
of the data point in the time series. Typically, one respiration
cycle is about 6 seconds in duration and it thus normally
contains 6 to 8 heart beats. A signal value is normally
obtained for each heart beat. In step 15, the number of signal
values is increased so that K signal values are obtained at
even intervals for each respiration cycle. This is imple-
mented by interpolating new values by means of the values
measured during one respiration cycle. The first interpolated
signal value in the respiration cycle is always at a certain
moment of the synchronization signal.

[0039] FIG. 3 illustrates the three sub-steps performed at
step 15. First, a differential time series is formed at sub-step
31, each differential value representing the difference of the
data point values obtained at the same phase of the respi-
ration cycle but in successive respiration cycles. Sub-step 31
illustrates the formation of the difference time series assum-
ing that the sequence number of the current data point is 1.
For the current data point S; a differential value AS;=S;S,
is calculated, i.e. the current value of the differential time
series is obtained by detracting from the current signal value
the signal value obtained exactly one respiration cycle
earlier. This differential value is calculated for each data
point in the synchronized time series.

[0040] The physiological signal is thus divided into suc-
cessive parts according to the respiration rhythm of the
patient and K difference values are calculated for each
respiration cycle (here, K=16).

[0041] The sum of'the difference values is indicative of the
low frequency variation in the measurement signal. How-
ever, before the summing operation, the difference values
obtained are supplied to a filtering sub-step 32, where the
values are filtered by means of an averaging filter, which
may be a FIR or an [IR filter, for example. By means of the
filtering the B2B variability may be removed from the
difference signal AS;. In one embodiment, the filter calcu-
lates an average of the difference values obtained during K
latest data points and yields an average difference <AS,> for
each data point. Typically, the average difference <AS;> for
each data point equals to one-K™ of the sum of the difference
values calculated over K latest data points. In another
embodiment, the filter is a more effective high order FIR or
IIR filter.

[0042] The difference signal does not any more contain a
signal component at the respiration frequency, as this com-
ponent is removed in the differentiation process. The spec-
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tral content of time series AS; has thus a gap at the respiration
frequency, which makes it easy to adjust the cutoff fre-
quency of the filter in such a way that the LF band and the
B2B band of the difference signal maintain correct shape in
time domain. The filter may be a low-pass or a high-pass
filter. If the filter is of a low-pass type, the filtering step
removes the B2B component, whereas if the filter is of a
high-pass type it removes the LF component. The LF
component is thus obtained by filtering out the B2B com-
ponent from the difference signal and by summing (i.e.
integrating) the remaining difference signal to the LF signal,
as illustrated in sub-step 33. This may be performed as the
sum is a zero average signal.

[0043] The residual signal may then be obtained by sub-
tracting the LF component from the original measurement
signal. If an averaging or FIR filter is used in the step 15, the
group delay of the filter shall be compensated before the
subtracting step. The residual signal is below termed the first
residual signal to distinguish it from the residual signals
produced in further embodiments of the invention.

[0044] By means of the above method, in which the
measurement signal is delayed by one respiration cycle and
the delayed signal is subtracted from the original measure-
ment signal (resulting in the difference signal), a signal
component at the respiration rate is thus removed from the
signal. As obvious from the above, if the respiration modu-
lation is completely regular, i.e. if it repeats itself in a precise
similar way from one respiration cycle to another, the LF
component is a zero signal. However, if the respiration
modulation that appears in the physiological signal is irregu-
lar, the irregularity appears in both the LF and B2B com-
ponents. The LF and B2B components are thus indicative of
the irregularity of the respiration modulation. These signals
serve as the indicator signal mentioned above.

[0045] The above-described synchronous separation of the
LF component in time domain may also be described as
follows:

[0046] Extraction of the LF component:

[0047] Extract the time moments corresponding to the
start of inspiration. The time moments may be detected
based on an airway pressure or airway flow signal, for
example.

[0048] Interpolate the original time series between the
latest and the next latest inspiration time moments into
K element regular interval array p_n; where n indicates
the ordinality of the respiration cycle of the interpolated
time series.

[0049] Make a signal p by concatenating p_n with
earlier calculated p_n-1.

[0050] Calculate a K element offset differential signal
d_n(i)=p(1)-p(i-K) for each i in p_n, where i indicates
the data point in the interpolated time series.

[0051] Low pass filter d_n to form D_n. This step
corresponds to step 32 in FIG. 3.
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[0052] Integrate D_n for LF (LF(i)=LF@G-1)+D_n(i)).
This step corresponds to the cumulative summing dis-
cussed at step 33 of FIG. 3.

[0053] Extraction of the HF and B2B components

[0054] Subtract the LF component from the original
measurement signal to obtain the first residual signal.

[0055] One advantage of the invention is that the amount
of buffered data may be kept low. Due to the sliding
calculation of the LF component only K+1 latest data points
need to be kept in memory.

[0056] Above, the LF component was separated from the
original physiological signal in time domain by forming a
time series phase-locked to the respiration rhythm of the
patient. However, the signal indicative of the respiration
rhythm of the patient does not necessarily have to carry
phase information. FIG. 4 illustrates an alternative embodi-
ment in which the LF component is separated by means of
a filter controlled by the respiration rate of the patient. In
step 40, the respiration rate of the patient is measured. The
value of the respiration rate is then utilized to control the
cut-off frequency of a FIR filter in step 42. In this embodi-
ment, it is not necessary to form an interpolated time series.
However, the respiration rate may be supplied to step 14 to
form a time series including K values for each respiration
cycle. The filter may be a low-pass filter or a high-pass filter,
depending on whether the LF component or the beat-to-beat
component is separated from the signal. The output signal of
the filter serves as the indicator signal.

[0057] The LF component and the residual signal may
then be used to calculate the sympatho-vagal balance indica-
tive of the state of the ANS of the patient. In one embodi-
ment of the invention, this is performed by dividing the
power of the LF component by the power of the residual
signal. This method corresponds to the traditional method
based on a Fourier transform. However, the first residual
signal, including the respiration (i.e. HF) and the B2B
components, may also be processed further for calculating
an indicator similar to the sympatho-vagal balance, i.e. a
variable representing a ratio of the power of the sympatheti-
cal activation to the power of a signal component represent-
ing regular respiration modulation. This is discussed below.

[0058] In one embodiment of the invention, the accuracy
of the method may be enhanced by removing the periodic
signal component corresponding to second harmonic fre-
quency of the respiration rate in the same way as the
component at the respiration rate was removed above. The
component at the second harmonic frequency may be
removed by using a delay of K/2 data points. In this
embodiment of the invention, the first residual signal is thus
delayed by one half of the respiration cycle and the delayed
residual signal is subtracted from the original first residual
signal to obtain a new difference time series. The new
difference time series is then filtered by an averaging filter
and the filtered values are summed to obtain an LF compo-
nent of the first residual signal. A second residual signal, i.e.
a residual signal from which the second harmonic has been
removed, is then obtained by subtracting this LF component
from the first residual signal. In this embodiment, the final
LF component is the sum of the two LF components
calculated.

[0059] In a still further embodiment of the invention the
accuracy of the method may be further enhanced by repeat-
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ing the above steps once again to remove the third harmonic
from the second residual signal.

[0060] In the above-described manner the accuracy of the
method may be enhanced by removing one harmonic com-
ponent at a time from the residual signal. The sympatho-
vagal balance may then be calculated as described above
using the final LF component and the residual signal from
which the harmonic component(s) has/have been removed.

[0061] After the LF component has been extracted in time
domain utilizing a signal indicative of the respiration rhythm
of the patient, the remaining residual signal does not include
any major non-stationarities (as these are in the LF compo-
nent). Therefore, conventional filtering and signal process-
ing techniques including Fourier and wavelet analysis may
be used to separate the HF and the B2B components from
the residual signal. Because the residual signal is a relatively
high frequency signal, these techniques do not considerably
slow down the analysis any more, as the analysis may be
performed in 2 to 3 respiration periods, i.e. in less than 20
seconds instead of the 2 to 3 LF periods (about 2 to 3
minutes) required in the traditional method.

[0062] A further method for separating the HF and the
B2B components from the residual signal is to utilize a FIR
filter, which is controlled by the heart rate of the patient, i.e.
the heart rate is used to control the bandwidth of the filter
similarly as the respiration rate was utilized above.

[0063] When the residual signal has been divided into the
HF and the B2B components, an indicator similar to the
sympatho-vagal balance may be calculated by calculating
the sum of the power of the LF and B2B components and
dividing the sum by the power of the HF component.

[0064] Above, the residual signal RS was divided into the
HF and B2B components using conventional spectral tech-
niques. However, it is not necessary to perform the division
of the residual signal in frequency domain. In a further
embodiment of the invention, the residual signal RS is
divided into a regular component RS ., which is substan-
tially constant from one respiration cycle to another and to
an irregular component RS, . which varies from one res-
piration cycle to another. The regular component may be
determined by calculating an average of the residual signal
over a certain number of respiration cycles, such as ten. The
irregular component is then obtained by subtracting the
regular component from the signal values of the latest
respiration cycle, ie. RS; . =RS,-<RS>, where j is the
sequence number of the latest respiration cycle and <RS> is
the average calculated. The irregular component S;,., of the
entire signal is the sum of the LF component and the
irregular component of the residual signal, i.e. S, ., =RSi-
reg+LF, and the regular component of the entire signal
corresponds to the regular component of the residual signal,
ie. S,.,=<RS>. An indicator similar to the sympatho-vagal
balance is then calculated by dividing the power of the
irregular component by the power of the regular component.
The calculated power ratio indicates the state of the ANS, as
it represents the ratio of the power of the sympathetical

activation to the power of the regular respiration component.

[0065] Another elegant technique for the analysis of the
residual signal is to utilize the Walsh-Hadamard (W-H)
transformation in one respiration cycle. A K*K Walsh-
Hadamard matrix is first constructed and then the residual
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signal is divided into the components in the W-H base. The
projection of the residual signal on the first W-H base vector
is the constant offset component. The projections on the 2™,
37 8% hase vectors describe the 224 and higher harmonics
of the residual signal. The basic respiration modulation is
projected on the 9% to 16" base vectors. The indicator
indicative of the state of the ANS is then calculated by
means of a regular component that remains constant from
one respiration cycle to another and an irregular component
that varies from one respiration cycle to another. In order to
obtain the regular respiration component, the W-H coefli-
cients are averaged over a certain number of respiration
cycles, such as ten, and the power of the averaged coefli-
cients is calculated. The power of the irregular component
may be calculated, for example, as the Standard Deviation
(SD) of the H-W coeflicients over the same period. Finally,
the total power of the LF and irregular components is
divided by the power of the regular component in order to
the get the indicator indicative of the state of the ANS.

[0066] The irregularity-regularity modulation ratio inside
the respiration cycle may also be calculated without any
transformation. In this case the residuval signals are averaged
directly cycle-by-cycle, the deviation of the residual signal
values in one cycle is calculated, and finally the SD is
calculated for the averaged signal (regular part) and for the
deviation signal (irregular part). These are then rationed to
get the irregularity-regularity ratio for the residual signal.

[0067] In another embodiment of the invention, the signal
indicative of the irregularity of the respiration modulation in
the physiological signal is calculated by means of correla-
tion. In this embodiment, the time series phase-locked to the
synchronization signal is formed as described in steps 10,
11, and 14 of FIG. 1. However, instead of forming one or
more LF components, a correlation is calculated between the
first measurement signal and a copy of the first measurement
signal delayed by one or more respiration cycles. The
correlation may also be calculated for only the first residual
signal after removing the LF component, in which case the
correlation describes the irregularities within one respiration
cycle only.

[0068] One embodiment of the calculation of the correla-
tion is illustrated in FIG. 5. In this embodiment, a prede-
termined number M of respiration cycles, such as ten, are
taken from both the original and the delayed first measure-
ment signal. If the index of the current respiration cycle is
L, for example, the correlation is calculated between the
original first measurement signal containing the data points
of the respiration cycles whose indices are from L-M+1 to
L and the delayed first measurement signal containing the
data points of the respiration cycles whose indices are from
L-Mto L-1, where M is the said predetermined number, such
as ten.

[0069] The correlation may be calculated slidingly for
each data point, i.e. the calculation may be started at any
phase of the respiration cycle. Furthermore, although the
number of data points in the signals to be correlated is the
same, this number does not have to be a multiple of the
number of data points in one respiration cycle.

[0070] Ifthe correlation is high, i.e. if the signal is regular,
the ANS regulation is normal or near to normal. However,
a lower correlation is indicative of disturbances in the
activity of the ANS. The correlation thus serves as the
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indicator signal mentioned above. The correlation may also
be used to calculate an index indicative of the adequacy of
analgesia or an index indicative of the depth of anesthesia,
for example.

[0071] Inafurther embodiment of the invention, the signal
indicative of the irregularity of the respiration modulation in
the physiological signal is calculated based on the difference
values AS; discussed in connection with FIGS. 2 and 3.
Instead of calculating the LF component or the correlation,
a variance is calculated for N latest difference values
obtained. The number of difference values used for the
calculation may vary and the number does not have to be a
multiple of the number of data points in one respiration
cycle. Such as the correlation, the variance calculated for the
difference values is indicative of the irregularity of the
respiration modulation; the higher the variance the higher
the degree of irregularity. Thus the variance is also indica-
tive of the state of the ANS of the patient and serves as the
indicator signal. The calculated variance may then be used
to calculate an index indicative of the adequacy of analgesia
or an index indicative of the depth of anesthesia, for
example. Similarly as in the embodiments based on the
determination of correlation, the variance may also be
calculated based on entire signal or the (first) residual signal.

[0072] The control in the ANS branches is mediated by a
mechanism of continuous firing of the nerve branches. For
example, the balance between vasoconstriction and vasodi-
lation is maintained by about 1 Hz firing of the sympatheti-
cal blood vessel smooth muscle nerve, less firing meaning
vasodilation and more firing vasoconstriction. In the same
way, the baroreflex is mediated (vagally) through more
intense firing during high blood pressure and less firing
during low pressure. In anesthesia, the nerve traffic is
suppressed, but still the same principle of the control is
maintained. However, sympathetical firing is often burst-
type, leading to a sudden change (a kind of arousal) in the
physiological parameter. This kind of sympathetical change
1s enhanced, if the original physiological signal or parameter
is first derivated, and only then analyzed in more details.
Peripheral blood circulation, for example, is sympathetically
controlled, and, therefore, it is advantageous to first derivate
the first measurement signal for better and more specific
results. FIG. 6 illustrates an embodiment of the invention in
which the derivative of the physiological signal is used. In
this embodiment, the first measurement signal is thus deri-
vated at step 12 prior to the formation of the synchronized
time series, i.e. in this embodiment the synchronized time
series 20 of FIG. 2 consists of successive values of the
derivated signal. Other steps of the method may be per-
formed as discussed in connection with the embodiment of
FIG. 1. Generally, all the above embodiments discussed in
connection with FIGS. 1 to 5 may also be used in connection
with the embodiment utilizing the derivative of the physi-
ological signal.

[0073] The derivation of the signal suppresses very slow
variations in the signal. These often originate from slow
ANS regulation mechanisms, such as temperature regula-
tion, which are not good measures for surgical stress or
antinociception, for example.

[0074] Another advantage of the derivation relates to
elimination of the adverse effects of a mechanical ventilator
on parameter variability. The signal, such as PPG amplitude
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or RRI interval, is often modulated by mechanical effects of
the overpressure ventilation. The ‘gain’ of the autonomic
regulation is nearly of 1/f-nature, meaning that the lower the
ventilator rate, the larger the modulation of the RRI interval
or the PPG amplitude. The consequence from the nearly 1/f
Fourier spectrum is that the derivated Fourier spectrum is
almost flat. When the respiration rate is changed, the deri-
vated parameter remains unaffected by the change, although
the original parameter obeys the 1/f-gain amplification.
Time derivated measurement signal is thus less sensitive to
the ventilator settings. Furthermore, since the LF and HF
components are not sensitive to external mechanical effects,
they are more specific to noxious responses.

[0075] In another embodiment of the invention, a normal-
ization process is performed in which the measurement
signal is converted into a normalized signal, i.e. to a signal
that has a predetermined value range and predetermined
distribution characteristics for all patients. The normaliza-
tion process thus “forces” the values of the measurement
signal to a certain value range regardless of the values of the
input signal. FIG. 7 illustrates an embodiment of the inven-
tion in which the normalization process is utilized. In this
embodiment, the first measurement signal is thus normalized
at step 13 prior to the formation of the synchronized time
series, i.e. in this embodiment the synchronized time series
20 of FIG. 2 consists of successive values of the normalized
measurement signal. Other steps of the process may be
performed, for example, as discussed in connection with the
embodiment of FIG. 1. However, normalization may also be
used in connection with the other embodiments of the
invention, such as the embodiment of FIG. 4.

[0076] Instep 13, the original measurement signal may be
transformed into a Gaussian signal with constant mean and
constant variance or to a signal with even (linear) distribu-
tion of signal values. Usually the transformation performed
yields a zero mean normal distribution with a constant
standard deviation over a certain time range. The measure-
ment signal is transformed into the same Gaussian or linear
statistics for all patients, which allows patient-to-patient
comparisons. The normalization may be performed by
means of a histogram transformation, which conserves the
frequencies and fractal properties of the original time series,
but which may distort the amplitudes, depending on the
output distribution of the transformation. The transformation
thus provides various possibilities to enhance certain
changes and to make these changes comparable between
individual patients. For example, the transformation may be
such that when the modulation is HF dominated, the LF/HF
ratio is smaller than without normalization, whereas the
contrary is true for LF dominated signals. One advantage of
the transformation is in situations in which the LF modula-
tion (i.e. sympathetical feature) is extracted from one physi-
ological signal or parameter, such as PPG, and the HF
modulation (i.e. parasympathetical feature) from another
signal or parameter, such as the HR. In addition to that all
patients have the same absolute parameter values, all param-
eters may also be normalized to the same common scale.
Because a PPG signal is mainly sympathetically controlled
and an RRI signal is mainly parasympathetically controlled,
a better sympatho-vagal balance may be calculated by using
an LF component from a PPG signal and an HF component
from an RRI signal. Cross-parameter variables thus become
possible, because after the histogram transformation all
parameters are in the same units. The histogram transfor-
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mation is also optimal in situations, in which the desired
end-results, such as different indices of analgesia or anes-
thesia, shall be normalized into a fixed range. In one
embodiment of the invention, the histogram transformation
may be utilized to map any such index, for example an index
varying non-linearly between -20 and 5, into a constant
linear value range, such as from zero to one hundred.

[0077] Anesthetic agents suppress both cortical and sub-
cortical activities. Therefore, hypnotic agents, for instance
propofol, decrease the level of both the sympathetical and
parasympathetic activity. When there is a need to estimate
surgical stress or antinociception in a patient, the estimation
method shall be insensitive to the general neuronal inhibi-
tory effects of these agents. The estimation of the sympatho-
vagal balance meets these requirements, as the ratio is
unaffected by the general suppression in the neuronal activ-
ity. One method which is particularly suitable for estimating
the sympatho-vagal balance is to scale (i.e. normalize) the
signals to the same total power. After such normalization,
which may be made using a histogram transformation, the
estimation of only either the sympathetical or parasympa-
thetical feature is enough to estimate the balance between
these. In other words, when normalization is used, an
estimate of the state of the ANS may be obtained by
calculating only one of the LF and HF components.

[0078] The histogram transformation may be, for
example, such that it normalizes the output signal to a preset
Gaussian data value distribution over a time window of 3 to
5 minutes, for example. The variance (i.e. the total power of
the LF and HF components) of the signal is then constant in
this window. Both the HF and the LF component contribute
to this total power. A shift towards LF dominance corre-
spondingly decreases the HF power. Now, the sympatho-
vagal ratio may be measured by measuring only one of the
signal components, for example the LF component. This is
advantageous especially when artificial ventilation of the
patient blocks the normal ANS regulation seen in the HF
component. (The HF component is contaminated by the
ventilatory effects.) The Gaussian normalization followed
by LF power measurement results in a better estimate of the
sympatho-vagal ratio, especially if the derivation of the
signal is used for eliminating the ventilatory effects.

[0079] The normalization may be performed by means of
a histogram transformation, which is illustrated in FIG. 8. In
the histogram transformation, an input array 81 and an
output array 82 are formed. The input array (buffer) com-
prises 1 input elements, also termed bins, storing, respec-
tively, i input values sorted in ascending or descending
order, while the output array (buffer) comprises fixed index
values sorted in ascending or descending order and stored in
1output elements. In the example of FIG. 8, the index values
of the output buffer range from -90 to +90 corresponding to
the total number of values in the input buffer, i.e. =181
(typically 3 minutes of RRI or PPG data). The signal values
obtained from the pre-processing phase are forced to the
value range of the output buffer. This may be implemented
in three different ways depending on whether full adaptation,
partial adaptation, or no adaptation to the incoming signal is
utilized. All adaptation schemes preserve the frequency and
fractal properties of the original signal, and therefore, the
normalization does not influence the calculation of the
sympatho-vagal ratios, i.e. the relative powers at the LF and
HF bands or the regularity-irregularity analysis over certain
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time range. These embodiments of the histogram transfor-
mation are discussed in the following.

[0080] In full adaptation, the latest signal values of the
measurement signal are stored in the input array so that the
value of each new data point replaces the oldest value in the
input array. When a new value is obtained, the oldest value
in the input array is deleted, and the remaining values and
the new value are sorted to form a new input array. The
output value of the transformation is then obtained by means
of the output array as the index value that corresponds to the
location of the new value in the input array. In other words,
if the new value is stored in the k™ (k=i) element in the
sorted input array, the output value is the index value stored
in the k™ element of the output array. FIG. 8 shows the
R-to-R intervals (RRIs) obtained from an ECG signal, each
RRI value indicating the time interval in milliseconds
between two consecutive R-peaks of an ECG signal. If full
adaptation is utilized, the value of each new data point
obtained from the original RRI signal thus replaces the
oldest value in the input array. In this way, the level of the
signal may change but the output values remain between the
lowest and highest indices. The time series obtained from
the output array 82 may thus be such that the mean value is
constant and the variability of the parameter is limited to a
certain range and certain distribution around the mean value.
As mentioned above, for example a Gaussian or even
distribution with zero mean value may be used for the values
output from the transformation.

[0081] Incaseno adaptation to the incoming signal is used
in the transformation, the input array remains the same
regardless of the incoming signal values. The input array
may be formed based on values measured from a large
patient group, which yields a wider distribution of input
values. Thus, instead of storing the latest i values of the same
patient, the input array may store i fixed values representing
the distribution of the values of the measurement signal
among a (large) group of patients. When a new value of the
measurement signal is obtained, the output value of the
transformation is obtained in the above-described manner as
the index value that corresponds to the location of the new
value in the sorted input array.

[0082] Partial adaptation to the incoming signal refers to
the combination of the above two methods. For example, in
the partial adaptation two input arrays may be used, one
adapting fully to the incoming signal and the other being a
fixed array storing values measured from a group of patients.
Based on the two input arrays, a combined input array may
be formed. When a new value is obtained from the pre-
processing phase, the output value of the transformation is
then obtained by means of the output array as the index
value that corresponds to the location of the new value in the
combined input array. The combined input array may be
formed in various ways. For example, the two input arrays
may have the same length as the output array and the values
of the combined input array may be obtained by first sorting
the input values and then downsampling them by taking only
every second element to the combined input array. The
summed length of two input arrays may also correspond to
the length of the output array, in which case the combined
input array may be obtained simply by taking the values of
both input arrays and sorting them in desired order. For
example, the length of each input array may be i elements,
if the length of the output array is 2i elements. One input
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array may then include i reference values obtained from a
large patient group, the values having even intervals, for
example, while the other input array may includes i latest
values of the incoming first measurement signal. The values
of the two input arrays are then sorted, for each new value
of the incoming signal, in descending or ascending order to
obtain the combined input array that indicates the index
value corresponding to the current value of the incoming
signal.

[0083] A further preferred embodiment of the partial adap-
tation is illustrated in FIGS. 94 to 94. FIG. 9q illustrates a
parameter distribution curve 91 for a large number of
patients representing a certain patient group in general
anesthesia. The size of the patient group may be very large
representing about 1000 patients, for example. The range of
the parameter values, in the figures from 0 to 300, is
advantageously selected to be much wider than the actual
range obtained during a surgery of an individual patient.
During a surgery, for example, the same parameter is then
measured and a histogram distribution is created using the
same parameter value bins. This distribution for the indi-
vidual patient may contain a fixed number of values, e.g.
300, and the distribution may be updated using the full
adaptation method described above. It is also possible that a
cumulative distribution of the parameter values of the indi-
vidual patient is collected and that the so obtained distribu-
tion counts are scaled down to a predetermined match in
total counts to the patient group distribution. In such a case,
the individual patient distribution may represent the param-
eter values since the beginning of the surgery till the current
moment during surgery. An example of a normalized
patient-specific distribution curve 92 obtained during a
surgery is presented in FIG. 9b.

[0084] The normalized patient-specific distribution is then
added in a predetermined proportion to the normalized
patient group distribution, and an average total distribution
curve 93 is formed, as shown in FIG. 9¢. In this example,
the two normalized distributions are weighted equally in the
total distribution. For calculating the input parameter value
array for the partially adapted histogram transformation a
cumulative sum of the average total distribution is then
constructed as shown in FIG. 94. If the histogram transfor-
mation arrays are 101 element long, for example, the new
values for the input bins of the histogram transformation can
be obtained by projecting the cumulative sum values 0, 1, 2,
.. .,100 of the Y-axis to the parameter value axis (X-axis),
as is shown by dashed lines in FIG. 94. The X-axis values
obtained in this way form the input values of the input array
for the histogram transformation. The actual histogram
transformation is then executed without adaptation. In this
embodiment, input values for the input array are thus
obtained by adding a group distribution curve to the patient-
specific distribution curve and then defining the input values
for the input array by means of the cumulative distribution
function of the summed distribution curve. Once being
defined in the above-described manner, the input values of
the input array remain fixed for a predetermined update
interval, which can typically represent about 100 new indi-
vidual parameter values.

[0085] The proportions of the adaptive and non-adaptive
values in the combined input may vary. The same applies to
the size of the steps between consecutive (fixed) values
stored in the input or output arrays. For example, in the
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example presented in connection with FIGS. 9a to 94 each
consecutive input array bin contained one percent of the
input values. However, the steps may also be such that a
certain other percentage of values is within each step (i.e. in
each bin), in which case the step may be smaller around one
range of the input values and correspondingly larger around
another range of the input values.

[0086] Partial adaptation to the incoming signal may also
be accomplished so that only every i (i=2, 3, 4. .. ) new
data point obtained from the pre-processing phase replaces
the oldest value in the input array. In this way, the input array
values originate from further in the past. The update proce-
dure chosen thus controls the length of the memory for the
adaptation to the signal.

[0087] The derivation and the normalization may also be
used together. FIG. 10 illustrates a combinatory embodi-
ment of the invention, in which both the derivative of the
measurement signal and the normalization are used. In this
embodiment, the derivative of the measurement signal is
thus normalized at step 13', and the signal so obtained is
subjected to the interpolation step 14 to synchronize it with
the respiration rhythm. The other steps of the method are
performed as described above.

[0088] All the embodiments discussed in connection with
FIGS. 1 to 5 may also be used when normalization is
utilized. However, the embodiments in which the residual
signal is further divided into frequency components is not
needed in connection with the normalization, since the LF
component is also indicative of the HF component (since
their total power is constant).

[0089] In the present invention, a signal indicative of the
irregularity of the respiration modulation in the physiologi-
cal signal is thus formed based on a signal indicative of the
respiration rhythm of the patient. The former signal is then
used to obtain an estimate of the state of the ANS of the
patient. The irregularity of the respiration modulation
appears in the LF or HF components, or in the above
irregular signal component obtained based on the entire
signal or the residual signal. These components may then be
used to calculate the sympatho-vagal balance indicative of
the state of the ANS. The irregularity of the respiration
modulation also appears in the correlation or variance cal-
culated. The correlation and the variance may be used
directly as indicators of the state of the ANS, although they
may also be used to calculate other variables, such as an
index indicative of the adequacy of analgesia or an index
indicative of the depth of anesthesia.

[0090] FIGS. 11 and 12 illustrate the results obtained
using the embodiment discussed in connection with FIGS.
2 and 3. FIG. 11 illustrates an RRI signal 101 obtained from
the patient and the low frequency component 100 deter-
mined in the above-mentioned manner and obtained with a
delay of about one respiration cycle. FIG. 11 illustrates the
(first) residual signal remaining after the low frequency
component has been subtracted from the RRI signal. The
residual signal comprises the respiration modulation and the
B2B component.

[0091] FIG. 13 illustrates one embodiment of the system
according to the invention. The physiological signal(s)
obtained from one or more sensors attached to a patient 100
is/are supplied to an amplifier stage 131, which amplifies the
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signals before they are sampled and converted into digitized
format in an A/D converter 132. The digitized signals are
supplied to a control unit 133 (including a microprocessor),
which may then record the signals.

[0092] The control unit is provided with a database or
memory unit 135 holding the digitized signal data obtained
from the sensor(s). Using the data, the control unit may
perform the above-described pre-processing phase and form
the time series forming each first measurement signal uti-
lized. In connection with the pre-processing phase, the
control unit may also retrieve patient information from the
memory unit to check whether some of the physiological
signals are to be omitted when forming the first measure-
ment signal(s).

[0093] In the embodiment of FIG. 13, the control unit
further receives the second measurement signal 130 indica-
tive of the respiration cycle of the patient, forms the respi-
ration-locked time series of each physiological signal, and
generates the indicator signal(s) characterizing respiration
modulation in the physiological signal. As discussed above,
the indicator signal may then be used in various ways to
obtain an indication of the state of the ANS of the patient.
This indication may be generated by the control unit or it
may be calculated elsewhere in the network using the
indicator signal(s) calculated by the control unit.

[0094] Although one control unit (processor) may perform
the calculations needed, the processing of the data may also
be distributed among different processors (servers) within a
network, such as a hospital LAN (local area network).

[0095] The control unit may display the results on the
screen of a monitor 134 connected to the control unit, and it
may further supply the calculated index/indicator as input
data to a device or system 137 delivering drugs, such as
analgetics, to the patient, which enables automatic control of
the patient’s level of antinociception, for example. The
system further includes user interface means 138 through
which the user may control the operation of the system.

[0096] Although the invention was described above with
reference to the examples shown in the appended drawings,
it is obvious that the invention is not limited to these, but
may be modified by those skilled in the art without departing
from the scope and spirit of the invention.

1. A method for monitoring the state of the autonomous
nervous system of a patient, the method comprising the steps
of:

acquiring a first measurement signal from a patient, the
first measurement signal representing a physiological
signal measured from the patient;

obtaining a second measurement signal indicative of a
respiration rhythm of the patient; and

generating, based on the first and second measurement
signals, at least one indicator signal for obtaining an
indication of the state of the autonomous nervous
system of the patient.

2. A method according to claim 1, wherein the generating
step includes generating the at least one indicator signal, the
at least one indicator signal being indicative of respiration
modulation in the first measurement signal.

3. A method according to claim 1, wherein the generating
step includes generating the at least one indicator signal, the
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at least one indicator signal being indicative of irregularity
of respiration modulation in the first measurement signal.

4. A method according to claim 1, wherein the generating
step includes dividing the first measurement signal into a
low frequency component and to a residual signal.

5. A method according to claim 1, further comprising a
step of deriving, based on the second measurement signal, at
least one respiration-locked time series of the first measure-
ment signal, the respiration-locked time series being locked
to the respiration rhythm of the patient.

6. A method according to claim 4, further comprising a
step of deriving, based on the second measurement signal, at
least one respiration-locked time series of the first measure-
ment signal, the respiration-locked time series being locked
to the respiration rhythm of the patient.

7. A method according to claim 5, wherein the generating
step includes deriving a difference time series, the difference
time series including a predetermined number of difference
values for each respiration cycle of the patient, each differ-
ence value representing the difference of two signal values
which are one respiration cycle apart in the respiration-
locked time series of the first measurement signal.

8. A method according to claim 7, wherein the generating
step includes a step of defining a low frequency component
of the first measurement signal based on the difference time
series, the low frequency component serving as the at least
one indicator signal.

9. A method according to claim 5, wherein the generating
step includes calculating a correlation value between a first
and second instance of the respiration-locked time series of
the first measurement signal, wherein the first instance
includes L latest signal values in the first measurement
signal and the second instance includes L latest signal values
in the first measurement signal delayed by an integer number
of respiration cycles.

10. A method according to claim 7, wherein the generat-
ing step further includes calculating a variance for a prede-
termined number of difference values.

11. A method according to claim 8, wherein the defining
step includes summing the difference values, thereby form-
ing a time series representing the low frequency component
of the first measurement signal.

12. A method according to claim 8, wherein the defining
step includes:

filtering the difference values to form a time series of
filtered difference values; and

summing the filtered difference values, thereby forming a
time series representing the low frequency component
of the first measurement signal.

13. A method according to claim 4, wherein the obtaining
step includes obtaining the second measurement signal, the
second measurement signal indicating the respiration rate of
the patient.

14. A method according to claim 13, wherein the gener-
ating step includes controlling a filter bandwidth by means
of the second measurement signal.

15. A method according to claim 4, wherein the generat-
ing step further includes dividing the residual signal into a
regular signal component and an irregular signal component,
wherein the regular signal component remains substantially
constant from one respiration cycle to another and the
irregular signal component varies from one respiration cycle
to another.
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16. A method according to claim 4, wherein the generat-
ing step further includes a sub-step of dividing the residual
signal into a high frequency component and to a beat-to-beat
component caused by beat-to-beat variations in the physi-
ological signal.

17. A method according to claim 1, wherein the acquiring
step includes the steps of:

measuring the physiological signal from the patient; and

calculating a time derivated signal of the physiological
signal, the time derivated signal being the first mea-
surement signal.
18. A method according to claim 1, wherein the acquiring
step includes the steps of:

measuring the physiological signal from the patient; and

calculating a normalized signal of the physiological sig-
nal, the normalized signal being the first measurement
signal.
19. A method according to claim 1, wherein in the
acquiring step includes the steps of:

measuring the physiological signal from the patient;

calculating a time derivated signal of the physiological
signal; and

calculating a normalized signal of the time derivated
signal, the normalized signal being the first measure-
ment signal.

20. A method according to claim 6, wherein the generat-
ing step includes forming the residual signal by subtracting
the time series representing the low frequency component
from the respiration-locked time series of the first measure-
ment signal.

21. A method according to claim 4, further comprising a
step of filtering the residual signal to obtain a high frequency
component of the first measurement signal.

22. A method according to claim 1, further comprising a
step of determining, based on the at least one indicator
signal, a sympatho-vagal balance of the patient.

23. A method according to claim 1, further comprising a
step of determining, based on the at least one indicator
signal, a first variable representing power of sympathetical
activation of the autonomous nervous system and a second
variable representing power of a signal component repre-
senting regular respiration modulation in the first measure-
ment signal.

24. A method according to claim 1, further comprising a
step of determining, based on the at least one indicator
signal, an index indicative of adequacy of analgesia.

25. A method according to claim 1, further comprising a
step of determining, based on the at least one indicator
signal, an index indicative of depth of anesthesia.

26. A method according to claim 1, wherein the obtaining
step includes obtaining the second measurement signal from
a respirator.

27. A method according to claim 1, wherein the obtaining
step includes obtaining the second measurement signal from
a transducer attached to the patient.

28. A method according to claim 5, wherein deriving step
comprises deriving the at least one respiration-locked time
series, in which the at least one respiration-locked time
series includes a predetermined number of signal values for
each respiration cycle of the patient and information about
the respiration rhythm of the patient.
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29. An arrangement for monitoring the state of the autono-
mous nervous system of a patient, the arrangement com-
prising:

first means for acquiring a first measurement signal from
a patient, the first measurement signal representing a
physiological signal measured from the patient;

second means for obtaining a second measurement signal
indicative of a respiration rhythm of the patient; and

third means for generating, by means of the first and
second measurement signals, at least one indicator
signal for obtaining an indication of the state of the
autonomous nervous system of the patient.

30. An arrangement according to claim 29, wherein the at
least one indicator signal is indicative of respiration modu-
lation in the first measurement signal.

31. An arrangement according to claim 29, wherein the at
least one indicator signal is indicative of irregularity of
respiration modulation in the first measurement signal.

32. An arrangement according to claim 29, further com-
prising fourth means for deriving, based on the second
measurement signal, at least one respiration-locked time
series of the first measurement signal, the respiration-locked
time series being locked to the respiration rhythm of the
patient.

33. An arrangement according to claim 32, wherein the
third means are configured to derive a difference time series,
the difference time series including a predetermined number
of difference values for each respiration cycle, each differ-
ence value representing the difference of two signal values,
which are one respiration cycle apart in the respiration-
locked time series of the first measurement signal.

34. An arrangement according to claim 32, wherein the
third means are configured to calculate a correlation value
between a first and second instance of the respiration-locked
time series of the first measurement signal, wherein the first
instance includes L latest signal values in the first measure-
ment signal and the second instance includes L latest signal
values in the first measurement signal delayed by one
respiration cycle.

35. An arrangement according to claim 33, wherein the
third means are further configured to calculate a variance
value based on a predetermined number of difference values.

36. An arrangement according to claim 33, wherein the
third means are further configured to filter the difference
values for obtaining filtered difference values, to form a time
series of the filtered difference values, and to sum the filtered
difference values.

37. An arrangement according to claim 29, further com-
prising means for calculating a sympatho-vagal balance
based on the at least one indicator signal.

38. An arrangement for monitoring the state of the autono-
mous nervous system of a patient, the arrangement com-
prising:

a measurement device configured to acquire a first mea-
surement signal from a patient, the first measurement
signal representing a physiological signal measured
from the patient;

an input configured to receive a second measurement
signal indicative of respiration rhythm of the patient;

a first controller configured to generate, by means of the
first and second measurement signals, at least one
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indicator signal to obtain an indication of the state of signal data representing a physiological signal mea-
the autonomous nervous system of the patient. sured from the patient;

39. An arrangement according to claim 38, further com-
prising a second controller configured to provide an indica-
tion of the state of the autonomous nervous system of the
patient based on the at least one indicator signal.

a second computer-readable program code portion for
receiving second measurement signal data indicative of
a respiration rhythm of the patient; and

40. A computer program embodied on a computer-read- a third computer-readable program code portion for gen-
able medium for monitoring the state of the autonomous erating, by means of th? ﬁFSt and .second measurement
nervous system of a patient, the computer-readable program signal data, at least one indicator signal for obtaining an
code comprising: indication of the state of the autonomous nervous

. . system of the patient.
a first computer-readable program code portion for receiv-

ing first measurement signal data, the first measurement ook ok ok ®
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