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(57) ABSTRACT

The invention relates to a method and device for carrying out
a signal-processing viewing of a measurement signal that is
correlated with the respiratory activity of an individual, for
example, of a measurement signal that is correlated with the
respiratory gas. The aim of the invention is to provide solu-
tions with which an improved electronic analysis of the sig-
nals that are representative with regard to respiratory activity
can be achieved. To this end, the invention provides that
viewing results are obtained within the scope of a signal-
processing viewing of said measurement signal and make a
differentiation between obstructive and central respiratory
disorders possible. The viewing results are determined, in
particular, while taking into account changes of selected
breathing characteristics such as, for example, the change in
the ratio of inhalation time to exhalation time.
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Consideration of the inspiration/expiration ratio
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Consideration of the variation in characteristic features of the
curve shape of successive inspiration cycles
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Fig.3

Consideration of the changes in curve shape features for
successive expiration cycles

Fig.4
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Consideration of the variation in curve shape features in an
interval within successive inspiration cycles - Consideration
of the variation in the lengths of defined intervals in
successive inspiration cycles
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METHOD AND DEVICE FOR CARRYING
OUT A SIGNAL-PROCESSING VIEWING OF
A MEASUREMENT SIGNAL THAT IS
CORRELATED TO THE RESPIRATORY
ACTIVITY OF AN INDIVIDUAL

[0001] The invention concerns a method of and an appara-
tus for carrying out signal-processing consideration of a mea-
surement signal related to respiration activity, for example the
respiratory gas flow, in particular for matching pressure regu-
lation in the administration of a breathable gas at a pressure
level which at least in phase-wise manner is above the ambi-
ent pressure, and generally for the diagnosis and/or therapy of
sleep-related breathing disorders.

[0002] To treat sleep-related breathing disorders it is known
to supply a patient with a respiratory gas, in particular ambi-
ent air, at a pressure level which is above the ambient pressure
level at least in phase-wise manner. The administration of the
respiratory gas at an increased pressure level makes it pos-
sible to implement pneumatic splinting in the region of the
upper respiratory tracts, whereby it is possible to preclude any
obstructions in that respiratory tract region in a physiologi-
cally highly compatible fashion.

[0003] Particularly good compatibility of the supply of the
respiratory gas at an elevated pressure level is achieved if the
respiratory gas pressure is set to a pressure which is as low as
possible and which is only sufficient for obstruction preven-
tion or obstruction limitation. It is known to implement set-
ting of the instantaneously required respiratory gas pressure,
having regard to the evaluation results of signal-processing
consideration of the instantaneous respiratory gas flow, by
means of an electronic pressure regulating device which is
integrated into a CPAP unit. The instantaneous respiratory
gas flow can be detected in particular by volume flow sensors,
for example measurement orifices.

[0004] In the case of CPAP units with automatic pressure
matching the electronic pressure regulating device is config-
ured with the aim that the respiratory gas pressure required is
afforded with an adequate level of certainty, but on the other
hand the dynamics of the variation in pressure are so slight
that the sleep pattern of the patient is not noticeably adversely
affected by the changes in the respiratory gas pressure.
Adverse effects can occur in particular if comparatively high
respiratory gas pressure levels are temporarily set.

[0005] The object of the present invention is to provide
ways with which it is possible to achieve electronic evalua-
tion, which is accurate with a high degree of probability, of a
signal that is representative in respect of respiration activity,
so that, based on that evaluation, the physiological state of a
patient can be accurately determined and/or the respiratory
gas supply. in particular the respiratory gas pressure, can be
matched to the instantaneous physiological demands in an
improved manner.

[0006] In accordance with the invention that object is
attained in that, in the context of signal-processing consider-
ation of a measurement signal which is indicative of the
respiratory gas flow, consideration results are obtained which
permit differentiation between obstructive and central breath-
ing disorders.

[0007] Inthatway it is advantageously possible, in connec-
tion with detection of the instantaneous respiratory gas flow,
to implement an analysis of trends, by virtue of which it is
possible to carry out the measures which are most suitable for
eliminating or preventing an instantaneous or impending
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breathing disorder, in particular involving matching the pres-
sure regulating characteristics.
[0008] Inaccordance with a particularly preferred embodi-
ment of the invention signal-processing consideration is
effected in such a way that the inspiration time and the expi-
ration time for successive breaths is detected thereby. By
determining the ratio of the inspiration time and the expira-
tion time and by considering the variation in respect of time of
those ratios, it is possible to recognise a trend as to whether
imminent breathing disorders or breathing disorders which
already exist are caused obstructively and/or centrally.
[0009] In particular in combination with that measure, or
also alternatively thereto, it is also possible to obtain infor-
mation in respect of an existing or imminent disorder phase
from comparative consideration of successively occurring
changes in properties of the derivatives and in particular the
first derivative of the respiratory gas flow in the region of the
breathing phase change.
[0010] Theratio of inspiration time Ix to expiration time Ex
can be used to describe breathing disorders. In particular a
trend in the variation in the duration of the inspiration time
with respect to the expiration time can give an indication of an
imminent obstruction in the upper respiratory tracts. Further-
more, consideration of the ratio of inspiration time Ix to
expiration time Ex in a trend analysis procedure can contrib-
ute to distinguishing obstructive from central apneas.
[0011] Exact measurement of the respiratory gas flow ‘flow
curve’ is particularly advantageous.
[0012] Theratio ofinspiration to expiration can be referred
to as the duty cycle and represents an information carrier for
assessment of the respiratory flow disturbances in the upper
respiratory tracts. [f flow limitations actually occur, the inspi-
ration time seemingly increases. The nasally measured resis-
tance of the upper respiratory tracts in contrast remains
unchanged. If it is assumed that the breathing minute volume
remains constant, it is possible to deduce a relationship
between the volume flow, the inspiration duration and the
breath duration. (The breath minute volume is equal to the
volume flow multiplied by the inspiration time and divided by
the breath duration.)
[0013] In particular in combination with that measure or
also alternatively thereto it is also possible to obtain informa-
tion for an existing or imminent-disturbance phase from com-
parative consideration of successively occurring changes in
properties of the derivatives of the—or within the—respira-
tory cycles, in particular the first derivative of the respiratory
gas flow in the region of the breathing phase change.
[0014] Consideration of the differential can be directed to
the beginning of the inspiration cycle and/or to the end of the
inspiration cycle and also to consideration of the curve shape
during the inspiration cycle.
[0015] The average gradient can be calculated in simple
form for intervals which extend for example over 10% of the
time duration of the respective breathing phase.
[0016] The gradient (for example the maximum gradient at
the phase change) can also be calculated floatingly within a
window over the inspiration cycle.
[0017] The trend analysis in particular in respect of the
nature and constitution of the respiratory drive is preferably
implemented having regard to/with the inclusion of the signal
evaluation results set forth hereinafter:

[0018] max. peak flow during the inspiration cycle

[0019] the breath volume
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[0020]
[0021]

[0022] In accordance with a further aspect of the invention
signal-processing consideration is effected on the basis of
consideration of the differential at the beginning of the expi-
ration cycle or at the end of the expiration cycle respectively.
The differential can be calculated in a simple form over an
interval of for example 10% at the beginning of the expiration
cycle and after the expiratory maximum flow or computed
floatingly over the expiration cycle. Evaluation can advanta-
geously be effected in a similar fashion to that described
hereinbefore, with the inclusion of the maximum peak flow
during the expiration cycle, the breath volume and/or the
expiration time and/or the second derivative (curvature) of the
measured flow curve during the expiration cycle. The evalu-
ation procedure also makes it possible to afford information
about the nature and the constitution of the upper respiratory
tracts.

[0023] The flattening of the respiratory flow curve during
the inspiration cycle can be interpreted in accordance with the
model of the Starling resistor as a flow limitation. Consider-
ation of the configuration of the curve shape during the inspi-
ration cycle in an interval between for example 10% after the
beginning of the inspiration cycle and 10% before the end
thereof can advantageously provide information about the
elastic properties of the upper respiratory tracts. It is also
possible in that way to draw a conclusion about the Perit-
value (the pressure at which the upper respiratory tracts
close).

[0024] The signal processing procedure advantageously
embraces in particular analysis of the number of local
maxima and minima, the amplitude of the local maxima and
minima, the sequence of the magnitude of the amplitudes of
local maxima and minima and the frequency involved in the
sequence of the local maxima and minima.

[0025] In accordance with a further aspect of the present
invention the signal processing procedure according to the
invention preferably also includes spectral consideration and
consideration in respect of amplitude of a snoring signal and
on the basis thereof can furnish information about the nature
of the elastic properties of the upper respiratory tracts and
possibly about the nature and location of the closure in the
upper respiratory tracts.

[0026] In accordance with a particular aspect signal-pro-
cessing evaluation and the trend analysis based thereon are
effected on the basis of combined consideration of at least two
parameters as specified hereinafter. Trend analysis is prefer-
ably based on consideration of the variation in the ratios of the
parameters when considered in combination:

the inspiration time, and
the second derivative of the measured flow curve.

[0027] inspiration time

[0028] expiration time

[0029] breath duration and breath frequency

[0030] breath volume during the inspiration cycle
[0031] breath volume during the expiration cycle
[0032] first differential and second differential of the

respiratory flow

[0033] amplitudes of local maxima and local minima
[0034] frequency of local maxima and local minima
[0035] inflexion points

[0036] maximum inspiratory flow and maximum expira-

tory flow.
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[0037] Signal-processing consideration of the above-speci-
fied parameters can give information about the following:
[0038] the nature of the upper respiratory tracts inter alia
for distinguishing between central and obstructive
apneas
[0039] the elastic properties of the upper respiratory
tracts (restoring modulus, modulus of elasticity)

[0040] the location of an obstruction
[0041] the degree of severity of a sleep apnea
[0042] the Pcrit-value.
[0043] Further details and features will be apparent from

the description hereinafter with reference to the drawing in
which:

[0044] FIG. 1 shows a part of arespiratory gas flow chart to
explain signal-processing consideration on the basis of ascer-
taining the ratios of the inspiration duration to the expiration
duration for successive respiratory cycles,

[0045] FIG. 2 shows a part of arespiratory gas flow chart to
explain signal-processing consideration on the basis of con-
sideration of the change in the curve shape features of suc-
cessive inspiration cycles,

[0046] FIG. 3 shows a part of arespiratory gas flow chart to
explain signal-processing consideration on the basis of con-
sideration of the change in the curve shape features of suc-
cessive expiration cycles, and

[0047] FIG. 4 shows a part of arespiratory gas flow chart to
explain signal-processing consideration on the basis of evalu-
ation of curve shape features within intervals in successive
inspiration cycles.

[0048] FIG. 1 shows a part from a respiratory gas flow chart
for explaining signal-processing consideration on the basis of
ascertaining the ratios of the inspiration duration to the expi-
ration duration for successive respiratory cycles.

[0049] Theratio of inspiration time Ix to expiration time Ex
and in particular the variation thereof for successive respira-
tory cycles represents information which is indicative in
respect of the occurrence of breathing disorders. In particular
a trend in the change in the duration of the inspiration time
with respect to the expiration time can give a pointer to
imminent obstruction in the upper respiratory tracts. In addi-
tion consideration of the ratio of inspiration time Ix to expi-
ration time Ex in a trend analysis can contribute to differen-
tiating obstructive from central apneas. Measurement of the
respiratory gas flow, which is as accurate as possible, and
therewith possible depiction of the flow curve is advanta-
geous.

[0050] Theratio of inspiration to expiration can be referred
to as the duty cycle and represents an information carrier for
assessment of the respiratory flow disturbances in the upper
respiratory tracts. [f flow limitations actually occur, the inspi-
ration time seemingly increases. The nasally measured resis-
tance of the upper respiratory tracts in contrast remains
unchanged.

[0051] If it is assumed that the breathing minute volume
remains constant, it is possible to deduce a relationship
between the volume flow, the inspiration duration and the
breath duration. (The breath minute volume is equal to the
volume flow multiplied by the inspiration time and divided by
the breath duration.)

[0052] FIG. 2 shows a part of arespiratory gas flow chart to
explain signal-processing consideration on the basis of con-
sideration of the change in curve shape features of successive
inspiration cycles. The chart in FIG. 2 illustrates the mean
gradient ascertained by way of the first derivative of the
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respiratory gas flow at the beginning of the inspiration cycle
and at the end of the inspiration cycle respectively. That mean
gradient is calculated in a simple form over for example a
10% interval or calculated floatingly over the inspiration
cycle. Further curve shape features that can be taken into
consideration are in particular the extreme values of the res-
piratory gas flow (peak flow during the inspiration cycle)
and/or the breath volume and/or the inspiration time and/or
the second derivative of the detected flow curve. Evaluation of
those curve shape features—and in particular consideration
of the variation thereof—permits information to be obtained
about the nature and the constitution of the breathing drive,
that is to say the instantaneous physiological state of the
patient or the physiological state which prevails shortly.
[0053] FIG.3 shows a part from a respiratory gas flow chart
for explaining signal-processing consideration on the basis of
consideration of the change in curve shape features of suc-
cessive expiration cycles, in particular in the form of evalua-
tion of the differential at the beginning of the expiration cycle
or at the end of the expiration cycle respectively as can be
ascertained in a simple form for example for a 10% interval at
the beginning of the expiration cycle and after the expiratory
maximum flow or floatingly over the expiration cycle. Simi-
larly as specified for FIG. 2, in this case also further curve
shape features which can be taken into consideration are in
particular the extreme values of the respiratory gas flow (peak
flow during the expiration cycle) and/or the breath volume
and/or the expiration time and/or the second derivative of the
detected flow curve. Evaluation of those curve shape fea-
tures—and in particular consideration of the variation
thereof—permits information to be obtained about the nature
and the constitution of the breathing drive, that is to say the
instantaneous physiological state of the patient or the physi-
ological state which prevails shortly.

[0054] FIG. 4 shows a part of arespiratory gas flow chart to
explain a signal-processing consideration procedure on the
basis of evaluation of curve shape features with intervals in
suiccessive inspiration cycles.

[0055] The flattening of the respiratory flow curve during
the inspiration cycle can be interpreted (in accordance with
the model of the Starling resistor) as a flow limitation. Con-
sideration of the pattern of the curve shape during the inspi-
ration cycle in an interval between for example 10% after the
beginning of the inspiration cycle and 10% before the end
thereof gives information for example about the elastic prop-
erties of the upper respiratory tracts.

[0056] This analysis also makes it possible to draw conclu-
sions about the Pcrit-value (pressure at which the upper res-
piratory tracts close).

[0057] Incarrying outa trend analysis procedure in particu-
lar the following evaluation intermediate results are advanta-
geously taken into consideration:

[0058] number of local maxima and minima
[0059] the amplitude of the local maxima and minima
[0060] the sequence of the magnitude of the amplitudes

of local maxima and minima,
[0061] the frequency in the succession of the local
maxima and minima
[0062] curve shape in an interval during the inspiration
cycle
[0063] length of the intervals.
[0064] Spectral consideration and consideration in respect
of amplitude of a snoring signal can further provide informa-
tion about the nature of the elastic properties of the upper
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respiratory tracts and about the location and nature of the
closure in the upper respiratory tracts.

[0065] The invention is not limited to the examples of use
described hereinbefore. It can be employed in particular in
controlling respiratory gas pressure and matching pressure
regulation in a CPAP-unit by using a suitably configured
signal processing device. It can also be employed in regard to
time-displaced evaluation of a series of measurement data
and in that situation permits visualisation of obstructively or
centrally caused phases of disturbed respiration. The inven-
tion can also be used in conjunction with a pneumot-
achograph generally for investigating the sleep breathing of a
patient without in that respect any disturbances of obstructive
nature having to be simultaneously eliminated directly by a
respiratory gas supply at increased pressure.

1-28. (canceled)

29. A method of controlling the pressure provided to a
patient by a pressure regulating device, the method compris-
ing:

providing a supply of respiratory gas at afirst pressure level

above the ambient pressure level;

measuring a signal indicative of respiratory activity;

determining an inspiration phase and an expiration phase

of each breath from the signal;

detecting an inspiration time and an expiration time of each

breath for successive breaths;

detecting a variation in the duration of the inspiration time

with respect to the expiration time;

determining the presence of obstruction of the upper res-

piratory tract based on the variation of the duration of
inspiration time; and

adjusting the first pressure level based on the determined

presence of obstruction.

30. The method according to claim 29, further comprising
determining a ratio of the inspiration time to the expiration
time for each said breaths and detecting a variation in the ratio
to determine the presence of obstruction of the upper respi-
ratory tract.

31. The method according to claim 29, wherein the first
pressure level is increased based on the determined presence
of obstruction of the upper respiratory tract.

32. The method according to claim 29, wherein the pres-
ence of obstruction of the upper respiratory tract is detected
based on comparative analysis of successively occurring
changes in duration of the inspiration time with respect to the
expiration time.

33. The method according to claim 29, wherein the signal
indicative of respiratory activity is a flow signal.

34. The method of claim 33, further comprising determin-
ing a first derivative of flow from the flow signal.

35. The method of claim 34, wherein the first derivative of
flow is determined for a region of phase change in each
breath.

36. The method of claim 35, wherein the determining of the
presence of obstruction of the upper respiratory tractincludes
determining changes in the first derivative of flow over suc-
cessively occurring breaths.

37. The method according to claim 36, wherein the region
of phase change is directed to at least one of the beginning of
the inspiration phase and the end of the inspiration phase.

38. The method of claim 34, further comprising analyzing
a curve shape during the inspiration phase.
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39. The method of claim 38, further comprising calculating
an average gradient in simple form for intervals that extend
over a predetermined percentage of a time duration of the
inspiration phase.

40. The method of claim 39, further comprising variably
calculating a gradient at a phase change within a window over
the inspiration phase.

41. The method according to claim 39, wherein the prede-
termined percentage is at least 50%.

42. The method according to claim 38, wherein the prede-
termined percentage is 80%.

43. The method according to claim 42 wherein the curve
shape during the inspiration phase is analysed in an interval
between 10% after the beginning of the inspiration cycle and
10% before the end of the inspiration cycle.

44. The method according to claim 38, wherein the analysis
of the curve shape includes determining a number of local
maxima and minima, an amplitude of the local maxima and
minima, a sequence of the magnitude of amplitudes of the
local maxima and minima, and a frequency in the sequence of
the local maxima and minima.

45. The method according to claim 38, further comprising
determining a Perit value and using the Perit value in deter-
mining the level of adjustment in the first pressure level.

46. An apparatus including a processor configured to carry
out the method set forth in claim 29.

* % % k¥
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