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METHOD FOR ANALYSIS OF SINGLE PULSE
PRESSURE WAVES

[0001] This application is a Divisional of co-pending
application Ser. No. 10/613,122 filed on Jul. 7, 2003, and for
which priority is claimed under 35 U.S.C. § 120; and this
application claims priority of Application No. 60/422,111
filed in United States on Oct. 30, 2002 and Application No.
PCT/NO03/00229 under 35 U.S.C. § 119; the entire contents
of all are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Monitoring of pressures within human body cavi-
ties has an important role in diagnosis and management of
a large number of diseases and clinical conditions. The
present invention relates to a method for analyzing pressure
signals derivable from pressure measurements on or in a
body of a human being or animal, comprising the steps of
sampling said signals at specific intervals, and converting
the pressure signals into pressure-related digital data with a
time reference.

[0004] Further, the present invention relates to a system
for analyzing pressure-signals derivable from pressure mea-
surements on or in a body of a human being or animal.

[0005] More specifically, the invention relates to a method
and a system as defined in the preamble of attached inde-
pendent claims 1 and 49.

[0006] 2. Related Art

[0007] Continuous monitoring of pressures in humans and
animals has a widespread place. During continuous pressure
monitoring, today’s existing technology, not the inventive
technology (hereafter referred to as conventional or current
technology) calculates a mean or area under curve of several
seconds of pressure recordings. For example, for a given
time sequence of 6 seconds, mean pressure may be com-
puted as the sum of all pressure sample levels divided by the
numbers of samples. Most modern monitors update the
calculated pressure value each 5-10 seconds. Thereby infor-
mation within the single waves is lost. Whether or not the
mean pressure corresponds to single pressure waves during
said time sequence is not known. Therefore, absolute num-
bers of systolic, mean and diastolic pressures shown on the
scope of vital signs monitors do not reveal single wave
distribution. The basis for this praxis is the assumption of a
linear relationship between mean pressure and amplitude of
the single waves.

[0008] There are several problems with the current strat-
egies of assessing continuous pressure recordings. Current
technology uses calibration of pressures against a zero
pressure level, usually the atmospheric pressure. This situ-
ation raises various problems, such as drift of zero pressure
level during a period of recording. Differences in absolute
zero pressure levels may cause false or inaccurate differ-
ences in pressures between different pressure recordings,
making it difficult to compare pressure curves. Other causes
of erroneous continuous pressure recordings are sensor
failure, misplacement of pressure sensor, low quality of
sensor signals related to movement of patient, and low
signal-noise ratio of other reasons. Whether the quality of
pressure signals is good or bad may be difficult to decide
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according to current strategies of assessing continuous pres-
sure signals. The present invention aims at solving these
problems, introducing a new strategy of analysis of pressure
related digital data, including assessment of the single
pressure waves.

[0009] A continuous pressure signal fluctuates over time
related to the cardiac beats. In the human or animal body
cavities, single pressure waves are built up from the waves
created by each of the cardiac pulsation’s. For example, the
intracranial and arterial blood pressure waves are intimately
related as the intracranial pressure waves arise from the
contractions of the left cardiac ventricle. Each heart beat
results in a pulse pressure wave, termed single pressure
wave. Related to the cardiac beats, these waves have a
diastolic minimum pressure and a subsequent systolic maxi-
mum pressure. When it has not previously been possible to
take the knowledge of single wave parameters into daily
clinical practice, this situation is related to the facts that
heart rate is variable, single waves fluctuate a lot over time,
and the inter-individual variation is large. So-called spec-
trum analysis or Fourier analysis assesses fluctuations in
pressure, but not by analyzing the single pressure waves.

[0010] Non-invasive pressure monitoring is partially
established for blood pressure and ocular pressure monitor-
ing, though no methods or devices allows for continuous
single wave monitoring with identification of single wave
distribution. In particular, applanation tonometry is a non-
invasive method for intraocular pressure measurement,
blood pressure measurement, and measurements of intrac-
ranial pressure in infants.

SUMMARY OF THE INVENTION

[0011] There are a number of human or animal body
cavities in which pressures may be recorded for diagnostic
and therapeutic reasons. For example, pressures in a human
or animal body cavity relate to arterial blood pressure,
intracranial pressure, cerebrospinal fluid pressure, ocular
pressure, urinary tract pressure, gastrointestinal tract pres-
sure. The present invention primarily was designed for
analysis of pressure signals derivable from monitoring of
single waves in blood vessels, the intracranial compartment,
the cerebrospinal fluid (CSF) system, the ocular bulb and the
urinary tract and bladder. These cavities represent, however,
no limitation in the context of the invention. Other cavities
may be the esophageal tract, the anal canal, and others not
specified. Thus, this invention is not limited to analysis of
pressures from only some particular human or animal body
cavities, as the invention relates to a generic method for
analysis of pressure derivable signals.

[0012] This invention relates to analysis of continuous
pressure related signals. Such pressure related data may be
derived from a variety of pressure sensors and pressure
transducers. Independent of the type of sensor, a continuous
pressure signal is measured, providing the opportunity for
sampling of single waves. Examples of such sensors are
solid or fiber-optic mechanical sensors for invasive moni-
toring, and sensors for invasive monitoring of pressure
within a fluid system such as arterial or venous blood
vessels, cerebrospinal fluid, or urinary bladder/tract. There
are various other types of sensors providing signals indica-
tive of pressures. Examples are sensors for non-invasive
measurement of blood pressure, using principles of Doppler
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technology, or measurement of oxygen saturation, and non-
invasive measurements of intracranial pressure using Dop-
pler technology or acoustic signals. The most well-known
principle of non-invasive pressure monitoring uses the prin-
ciples of applanation tonometry. For example, applanation
tonometry is used for monitoring of fontanel pressure in
infants, and ocular pressure and arterial blood pressure. The
unique with the present invention is the opportunity for
determining single wave distribution by more optimal detec-
tion of single pressure waves using the inventive method of
analyzing single pressure waves.

[0013] More specifically, the method according to the
invention is inventive, wherein for selectable time sequences
the method further comprises the steps of

a) identifying from said digital data single pressure waves,
related to cardiac beat-induced pressure waves,

b) computing time sequence parameters of said single pres-
sure waves during individual of said time sequences,

¢) establishing an analysis output selected from one or more
of said time sequence parameters of said single pressure
waves during the individual of said time sequences:

cl)—absolute mean pressure for each identified single pres-
sure wave (wavelength Pmin-Pmin) within said time
sequence,

c2)—mean of mean pressure for all identified single pres-
sure waves (wavelength Pmin-Pmin) within said time
sequence,

c3)—standard deviation of absolute mean pressure for all
identified single pressure waves (wavelength Pmin-Pmin)
within said time sequence,

c4)—numbers of single pressure waves during said time
sequence,

c5)—single pressure wave derived heart rate during said
time sequence,

c6)—relative pressure amplitude (AP) value for each iden-
tified single pressure wave (wavelength Pmin-Pmin) within
said time sequence,

¢7)—standard deviation of relative pressure amplitude (AP)
values for all identified single pressure waves (wavelength
Pmin-Pmin) within said time sequence,

c8)—relative latency (AT) value for each identified single
pressure wave (wavelength Pmin-Pmin) within said time
sequence,

c9)—standard deviation of relative latency (AT) values for
all identified single pressure waves (wavelength Pmin-
Pmin) within said time sequence,

cl0)—rise time (AP/AT) coeflicient for each identified
single pressure wave (wavelength Pmin-Pmin) within said
time sequence,

cl1l)—standard deviation of rise time (AP/AT) coeflicients
for all identified single pressure waves (wavelength Pmin-
Pmin) within said time sequence,

c12)—balanced position within a first matrix for combina-
tions of single pressure wave amplitude (AP) and latency
(AT) values within said time sequence,
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c13)—balanced position within a second matrix for combi-
nations of single pressure wave rise-time (AP/AT) coefficient
values within said time sequence,

[0014] d) establishing a deliverable first control signal
related to an analysis output in step c) for a selectable
number of said time sequence windows, said first control
signal being determined according to one or more selectable
criteria for said analysis output, and

e) modifying said deliverable first control signal into a
regulator deliverable second control signal said second
control signal corresponding to said first deliverable control
signal, and

f) to provide a performance modifying signal.

[0015] Further embodiments of the method of the inven-
tion are defined in sub-claims 2-48.

[0016] The system comprises, according to the invention:

[0017] a) control means which on basis of said pressure
signals receivable from a pressure sensor via pressure
transducer means is configured to control performance
of a pressure sensor regulating device to optimize
single pressure wave detection,

[0018] b) a processing unit having means for analyzing
said pressure signals said processing unit including
sampling means for sampling said pressure signals at
specific intervals,

[0019] c¢) converter means for converting the sampled
pressure signals into pressure related digital data with
a time reference,

[0020] d) identifying means operative during selectable
time sequences to identify from said digital data single
pressure waves related to one of: cardiac beat-induced
pressure waves, artifacts, and a combination of cardiac
beat-induced waves and artifacts,

[0021] e) analyzing means for analysis of said digital
data single pressure waves during said selectable time
sequences,

[0022] f) output means configured to output to a regu-
lator device one or more first control signals derivable
from one or more time sequences parameters related to
a selectable number of time sequences elected from the
group of:

[0023] f27) absolute mean pressure for each identi-
fied single pressure wave (wavelength Pmin-Pmin)
within said time sequence,

[0024] f28) mean of mean pressure for all identified
single pressure waves (wavelength Pmin-Pmin)
within said time sequence,

[0025] f29) standard deviation of absolute mean pres-
sure for all identified single pressure waves (wave-
length Pmin-Pmin) within said time sequence,

[0026] f30) numbers of single pressure waves during
said time sequence,

[0027] 1f31) single pressure wave derived heart rate
during said time sequence,
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[0028] £32) relative pressure amplitude (AP) value
for each identified single pressure wave (wavelength
Pmin-Pmin) within said time sequence,

[0029] £33) standard deviation of relative pressure
amplitude (AP) values for al identified single pres-
sure waves (wavelength Pmin-Pmin) within said
time sequence,

[0030] £34) relative latency (AT) value for each iden-
tified single pressure wave (wavelength Pmin-Pmin)
within said time sequence,

[0031] £35) standard deviation of relative latency
(AT) values for all identified single pressure waves
(wavelength Pmin-Pmin) within said time sequence,

[0032] {£36) rise time (AP/AT) coefficient for each
identified single pressure wave (wavelength Pmin-
Pmin) within said time sequence,

[0033] £37) standard deviation of rise time (AP/AT)
coeflicients for all identified single pressure waves
(wavelength Pmin-Pmin) within said time sequence,

[0034] £38) balanced position within a first matrix for
combinations of single pressure wave amplitude
(AP) and latency (AT) values within said time
sequences, and

[0035] £39) balanced position within a second matrix
for combination of single pressure wave rise-time

(AP/AT) coefficient values within said time
sequence, and
[0036] g) regulator means connectable to said process-

ing unit for receiving at least one of said first control
signals, said regulator means being capable of estab-
lishing a device performance modifying second control
signal by means of at least one of said first control
signals or establishing a combination effect obtained
from using at least two of said first control signals,
wherein said performance modifying second control
signal deliverable from said regulator means being
capable of controlling said sensor regulating device.

[0037] Further embodiments of the system of the inven-
tion are defined in sub-claims 50-74. Thus, this invention is
not limited to specific types of pressure signals, however, the
signal has to be continuous for a given time sequence.
During continuous pressure monitoring, single pressure
waves are sampled along with a time reference. Analog
pressure signals are converted into digital pressure-related
data. Since each wave represents a heart beat, the heart rate
is known when the sampling rate is known. Determination
of single wave distribution may be used in the real-time and
online monitoring of pressures. Processing of single waves
may be performed after sampling of pressure signals.
Though data processing is performed with some delay,
monitoring is real-time since the delay has no significance
for the observed phenomenon. During identification of the
single pressure waves, the continuous pressure signals
undergo filtering and concatenation procedures wherein
noise signals are removed. Each single pressure wave is
identified according to the diastolic minimum (P_; ) and
systolic maximum (P,,,,) values. False P_; and P, values
are removed. Identification of correct P, /P, .. values are
made by means of pre-determined thresholds for the single
wave amplitude (AP), latency (AT) and rise time coeflicient
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(AP/AT) values. For the correctly identified single pressure
waves, the single wave parameters [amplitude (AP), latency
(AP), and rise time coefficient (AP/AT)] are determined for
short time sequences (e.g. each 5 seconds). Such short time
sequences with identified single pressure waves are accepted
or rejected according to selected criteria. The latencies
represent the time sequence when pressures increases from
diastolic minimum to systolic maximum, and the pressure
change occurring during this time sequence is the amplitude.
The maximum (P,,,,) and minimum (P_;, ) values for the
single waves are identified, and the matrix computed con-
taining the amplitudes (AP) on the vertical column and
latencies (AT) on the horizontal row. Accordingly, the ampli-
tudes are related to the naming of the columns and the
latencies to the naming of the rows. The number or percent-
ages of the single waves with the various combinations of
amplitude and latency are computed within a first matrix.
The balanced position of occurrences of amplitude (AP) and
latency (AT) are determined. In a one-dimensional second
matrix is plotted the number of occurrences of single pres-
sure waves with a given rise time coefficient (AP/AT)
plotted, and the balanced position determined. Furthermore,
the absolute pressure values during said time sequence is
determined, either as mean pressure for the whole time
sequence or as mean pressure for the single pressure waves
solely during said time sequence. All of these single pressure
wave parameters related to a recording sequence may be
stored in a database.

[0038] Single waves are recorded repeatedly during a
fixed time sequence (e.g. each 5 seconds). Such selected
time sequences may have various durations, preferentially
between 5 to 15 seconds. The actual heart rate should not
influence the results in this particular situation). Various
types of on-line presentation are possible. When balanced
position of amplitude (AP) and latency (AT) are plotted in a
two-dimensional weighted matrix, the balanced position
may be represented as one weighted value, e.g. in a trend
plot (weighted value on the Y axis and time on the X axis),
or in a histogram (weighted value on the X axis and
proportion or absolute number of occurrences on the Y axis).
For the given time sequence, the numbers or percentages of
single wave combinations are presented within the histo-
gram. On the Y-axis is indicated percentage occurrence of
the various single wave combinations of latency and ampli-
tude, and the various latency/amplitude combinations are
indicated on the X-axis. For example, the bar within the
histogram with label on the X-axis of 0.2[3.5 indicates the
percentage occurrence of the single wave with a latency of
0.2 seconds and amplitude of 3.5 mmHg in percentage of the
total numbers of single waves during the actual recording
time of 5 seconds. The matrix and/or histogram may be
subject to a number of statistical analyses. In one embodi-
ment it is useful to determine the balanced position within
the histogram or matrix. This balanced position may be
termed the centroid or the centre of distribution, though
these terms represent no limitation of the scope of the
invention. In this invention the term balanced position is
preferred. Balanced position may refer to the balanced
position of occurrences of amplitude (AP) and latency (AT)
combinations in the first matrix (see Table I), or to balanced
position of rise-time coefficients (AP/AT) in the second
matrix. In this situation, balanced position is the mean
frequency distribution of the single pressure wave parameter
combinations.
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[0039] According to the invention the matrixes and his-
tograms of single wave distribution may be computed
repeatedly online including alarm functions for the single
wave distributions that may be considered as abnormal.
Thereby, continuous update of single waves is an alternative
way of presenting pressures. In such an implementation
single wave distribution may be updated each 5 or 10
seconds.

[0040] According to the invention, a method is described
for more optimum analysis of pressure signals from detec-
tion of single pressure waves by means of non-invasive
pressure sensors. During short time sequences of pressure
recordings (e.g. each 3 seconds) the single pressure wave
parameters are computed. Between each of said time
sequences a sensor-regulating device is modified by a regu-
lator providing a control signal to the sensor-regulating
device. Results of said analysis within the processing unit
provide a control signal to the regulator that in turn provide
another control signal to the sensor-regulating device.
Thereby, the inventive method of single wave analysis may
modify the function of the sensor device to give the most
optimal single pressure wave detection. An example is
described with regard to applanation tonomtery, though this
represents no limitation of the scope of the invention. A
pneumatic pump and bellow press the transducer array
against the skin and tissue above the cavity wherein pressure
is measured (e.g. artery), usually referred to as the hold
down pressure. In some devices the monitor searches
through a range of pressure values until it measures an
optimal signal in order to determine optimal hold-down
pressure. Determining single wave distribution is however
not possible by these methods. The present invention
enables optimum single pressure wave detection. Further-
more, according to the present invention, there is no need for
calibration by an independent technique. With regard to
monitoring of fontanel pressure in infants basically the same
principles are used. In these cases, tonometry enables pres-
sures to be measured non-invasively on neonates. None of
the techniques of tonometry provides the opportunity for
sampling of single pressure waves.

[0041] The particular features of the invention are
described in the attached independent method claims,
whereas the related dependent claims describe advanta-
geous, exemplifying embodiments and alternatives thereof,
respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 shows (a) parameters of a single pulse
pressure wave, and (b) two time sequences wherein single
pressure waves are identified.

[0043] FIG. 2 shows (a) one time sequence wherein all
maximum and minimum values in the continuous pressure
signal are detected, and (b) the identical time sequence
wherein only the accepted minimum/maximum (P, /P
pairs are shown.

min’ max)
[0044] FIG. 3 shows (a) one time sequence illustrating
computation of absolute mean pressure for said time
sequence according to two methods, and (b) relationships
between absolute mean pressures computed according to the
two methods for a large group of time sequences.

[0045] FIG. 4 shows (a) one time sequence wherein only
false minimum/maximum (P,;,/P,...) pairs are shown, and
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a trend plot of absolute mean pressure computed according
to (b) the first or (c) the second method.

[0046] FIG. 5 shows two identical time sequences with
identical time reference for continuous (a) arterial blood
pressure and (b) intracranial pressure measurements.

[0047] FIG. 6 shows a differential plot of two simulta-
neous continuous pressure recordings with identical time
reference with regard to (a) absolute mean pressure, (b)
balanced position of amplitude, and (¢) balanced position of
latency.

[0048] FIG. 7 shows the scatter plots for determining the
best fitted curves for the relationships between (a) balanced
positions of amplitude and latency, (b) mean pressure and
balanced position of latency, and between (¢) mean pressure,
balanced position of amplitude and balanced position of
latency.

[0049] FIG. 8 shows a sequence of events during real time
monitoring of single wave distribution, including (a) deter-
mination of single pressure waves within time sequences,
(b) plotting combinations of single pressure wave ampli-
tudes and latencies during said time sequence within a
matrix, and (¢) determining numerical value of balanced
position of amplitude and latency within matrix. The figure
as well shows presentations of weighted values of balanced
position of amplitude and latency within time sequences
within (d) histogram, (e) trend plot, and (f) pressure-volume
curve.

[0050] FIG. 9 shows the pressure curves and histogram
presentations of single wave distribution for intracranial
pressure measurements within (a-b) the brain parenchyma
and (c-d) the epidural space.

[0051] FIG. 10 shows two repeated pressure curves (a)
before and (c) after pressure reduction, including accompa-
nying histograms of single wave distribution (b) before and
(d) after pressure reduction.

[0052] FIG. 11 shows trend plots of absolute mean intrac-
ranial pressure for two individuals (a, ¢), and trend plots (b,
d) of weighted values (referred to as predicted mean pres-
sure) of balanced position of amplitude and latency combi-
nations within said time sequences.

[0053] FIG. 12 shows (a) an overview of a system for
interaction between a processing unit, a regulator and a
sensor-regulating device, for more optimum (b) single pres-
sure wave detection during said time sequences, also indi-
cating (c) modifications in control signal level applied to a
sensor regulating device.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0054] With regard to sampling, analysis and presentation
of single pulse pressure waves 1, relative differences in
pressures are computed, not related to a zero pressure level
such as the atmospheric pressure. The invention provides
measurement and analysis of the following parameters
included in the time sequences (FIG. 1):

a) Minimum (P,;,) 2 is defined as the diastolic minimum
pressure of the single wave, or as the valley of the wave. An
individual single pressure wave starts and ends with a
diastolic minimum (P_;) value.
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b) Maximum (P,,,,) 3 is defined as the systolic maximum
pressure of the single wave, or defined as the peak of the
wave.

¢) Amplitude (AP) 4 is defined as the pressure difference
when pressures increase from diastolic minimum pressure
(P,.;n) to systolic maximum pressure (P

max)'

d) Latency (AT) 5 is defined as the time interval of the single
wave when the pressures change from diastolic minimum
pressure (P_. ) to systolic maximum pressure (P
e) Rise time coeflicient (AP/AT) 6 is defined as the relation-
ship between amplitude divided by latency.

[0055] f) Wavelength 7 is defined as the duration of the
single pulse pressure wave between the diastolic minimum
pressure (P, ;) 2 representing the start of the wave and the
diastolic minimum pressure (P,;.,) 2 representing the end of
the wave. Wavelength is referred to as P_, -P_. duration
wherein first P, is inclusive and ending P, is not inclu-
sive.

max)'

min

[0056] Whether the waveform is reproduced properly or
not depends as well on a sufficient resolution order and a
sufficient sampling rate. In FIG. 1a is shown a standardized
single pulse pressure wave 1, indicating the various param-
eters of a single wave that may be analyzed quantitatively.
A single intracranial pressure wave may contain three peaks,
the first (P1) 8, second (P2) 9 and third (P3) 10 peaks. The
maximum peak is termed the first peak (P1) 8 or top of the
percussion wave. During the declining phase of the wave,
there are two peaks namely the second peak (P2) 9, often
termed the tidal wave, and the third peak (P3) 10, often
termed the dicrotic wave. It is well known from the prior art
that the absolute pressure value may determine whether the
various peaks are present or not. The maximum value (P_,,)
3 usually is related to the first peak (P1) 8, but as pressure
increases also the second peak (P2) 9 may become the
maximum value (P_,,,) 3. In this latter situation the systolic
maximum (P_ . ) 3 is represented by the second peak (P2) 9.
It should be noted that the algorithm of defining single
waves 1 according to the maximum (P_..) 3 and minimum
(P.in) 2 values, it is not always possible to determine
whether the maximum (P_,,,) 3 value represents the first
(P1) or second (P2) peak. Not to introduce misunderstand-
ings, the present invention relates to identification of single
pressure waves 1 according to the systolic maximum (P, ,.)
3 and the diastolic minimum (P_,;,) 2 pressure values. Thus,
in the present application, the amplitude (AP) 4 of the first
peak is defined as the pressure difference between the
diastolic minimum pressure (P_;) 2 and the systolic maxi-
mum pressure (P, ,.) 3, the latency of the first peak (AT) 5
is defined as the time interval when pressures increases from
diastolic minimum 2 to systolic maximum 3 pressures. It
should be noted, however, that it is not always possible to
exactly identify whether the top of the wave corresponds to
the first peak or not. Whether or not the various peaks are
identified depends on sampling rate and/or resolution.
Therefore, the method described here does not require that
the different peaks (P1-3) are identified, in other words the
inventive method is not limited to the identification of the
specific peaks P1-P3. Thus, single waves 1 are identified
according to diastolic minimum (P_;,) 2 and systolic maxi-
mum (P_,.,) 3 values, independent whether systolic maxi-
mum (P_..) 3 is related to the first (P1) 8 or second (P2) 9
peaks. In practice it may be nearly impossible to differentiate
the first and second peaks.
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[0057] In another embodiment reference may be to the
second (P2) 9 and third (P3) 10 peaks. The maximum and
minimum values may be specified for the different peaks
(P1-P3), wherein also the single pressure wave parameters
amplitude 4, latency 5, and rise time 6 coefficients are with
reference to each of the specific pressure peaks (P1-P3)
8-10. In this situation, the identification of the first peak (P1)
8 is relative to maximum 3 and minimum 2. The identifi-
cation of the second peak (P2) 9 also is relative to the first
peak (P1) 8, and the third peak (P3) 10 is relative to the
second peak (P2) 9. This embodiment requires that each
peak (P1-P3) is determined within the single pressure wave
1. Thereby, latency 4, amplitude 5, and rise time coefficient
6 may be with reference to each of said single pressure
waves.

[0058] An important inventive step is the identification of
single pressure wave parameters within given time
sequences 11. A time sequence 11 refers to a specified time
period of pressure recording during a continuous pressure
monitoring. With reference to current technology absolute
mean pressure of continuous pressure signals usually is
computed within short time sequences 11 of 5-10 seconds.
This is done because it is useful to update regularly the
pressure values during a time of continuous pressure record-
ing. In order to be comparable against current technology,
the inventor select time sequences of between 5 and 15
seconds duration. Thus, it is suggested that the lengths of the
time sequences should be in the range of 5-15 seconds. The
inventor found it useful to use time sequences of 5 or 6
seconds. In the latter situation, a continuous recording
period is considered as built up of a series of numerous
continuous short time sequences of 6 seconds. The number
of 6 seconds time sequences 11 are 10 during one minute,
300 during 30 minutes, 600 during 1 hours, 6 000 during 10
hours and 12 000 during 20 hours of continuous pressure
recording. The inventor considered these 6 second time
sequences 11 as the building blocks of the recording period.
However, these suggestions of durations (e.g. 5 or 6 or 8
second durations) of time sequences 11 (or building blocks)
should not be regarded as a limitation of the scope of the
invention, as the time sequences might be of any duration
selected by the user.

[0059] With reference to FIG. 15, on the x axis is indicated
the time of pressure recording 12, and on the y axis is
indicated the pressure levels 13. Along the time scale 12 two
time sequences 11 each of 6 seconds duration are indicated.
The first time sequence 11 (named 1%) lasts from seconds
1-6 on the time scale 12, and includes eight single pressure
waves 1 (numbered I-VIII). The second time sequence 11
(named 2"%) lasts from seconds 6-12 on the time scale 12,
and also includes eight waves 1 (numbered I-VIII). On the
pressure scale 13 is indicated the absolute pressure levels, as
well as giving an indication of the values of the single wave
amplitudes 4. As indicated in FIG. 15, the first single
pressure wave 1 in the second time sequence 11 (named 2%)
is wave named 1. This single wave 1 has its final minimum
(P....) 2 within the 2™ time sequence. The inventor applied
the criterion that a time sequence 11 always starts with a
single pressure wave 1 with complete wavelength 7 (P~
P_..), wherein the final P, is within said time sequence.
When considering the Is time sequence (named 1), the final
wave does not terminate within the 1% time sequence but
terminates within the 2* time sequence. Therefore, this
wave is included in the 2" time sequence. In order not to
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exclude single waves from the analysis, criteria must be
included for determining whether a single pressure wave 1
located between two time sequences 11 should be located
within the preceding or subsequent time sequence. The
strategy relies on selected criteria. This strategy represents
no limitation concerning the concept of time sequences.

[0060] The method of analysis of continuous pressure
signals described in this invention is applied to continuous
pressure signals during such selected time sequences. The
method is applied to all continuous pressure signals for each
of said time sequences in a continuous series of said time
sequences during a continuous measurement period.
Accordingly, a continuous pressure recording period is con-
sidered as built up of a continuous series of said time
sequences wherein said time sequences are accepted or
rejected for further analysis according to selected criteria.

[0061] Based on measurement of a continuous pressure
signal, various strategies may be used to identify the single
waves. Each pressure signal may be identified on the time
scale 12 because pressures are recorded along with a time
reference. In one implementation, single waves are identi-
fied according to the maximum (P,,.) 3 and minimum
(P..;) 2 values. The following is an example of the proce-
dure of identifying maximum (P, .,) 3 and minimum (P,;,)
2 values, though the example is not intended to limit the
scope of the invention.

[0062] The procedure of sampling signals indicative of
pressure and converting said signals into digital data are
described. The specific steps described here represent no
limitation as several strategies may be used. The first part of
the signal conditioning is the software filter. This filter
removes a great deal of the high frequency noise. The source
of the high frequency noise is not always possible to point
out, but it will always be present in many different shapes
and magnitudes. Various filters may be used. The inventor
found it useful to apply a 25 order Bessel low pass filter,
with a 25 Hz cut-off frequency. Other filters are available.
The filter is programmed in a manner that removes both the
transient part and phase lag. This is done by taking a copy
of the first 100 samples in the signal, and then reversing the
order. Then the copy of the first 100 samples is concatenated
to the original signal. This process is also repeated for the
100 last samples in the signal. Then this signal is processed
in the digital filter, the transient part will appear in the “new
concatenated” part in the signal. It will not destroy the
original signal. In order to remove phase lag, the filtered
signal is restored by taking a subset of data from the signal
processed by the filter algorithmi. The subset is taken from
sample index 109, with a length equal to the original signal.
The specific values referred to in this paragraph depend on
sampling frequency and other variables, and should not be
regarded as limitations of the scope of the invention.

[0063] Reference is now given to FIG. 2. Most of the
pressure signals in the human body are very dynamic
signals, which contain a lot of peaks and valleys, not related
to diastolic minimum and systolic maximum pressures. This
paragraph describes the procedure of defining peaks related
to systolic maximum pressure (P, ) 3 and valleys related to
diastolic minimum pressure (P, ;) 2. It should be noted that
determination of peaks (P,,,.) and valleys (P,;.) may as
well be related to the specific peaks (P1-P3) within said
single pressure waves 1. The signals are also sometimes
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garbled with artificial signals. In this context peaks refer to
maximum values and valleys to minimum values. The result
may be a lot of unwanted maximum (P,,,) 15 and minimum
(P.hin) 14 detections. An unwanted or artificial minimum
(P..;y) 14 value is a minimum value that does not represent
the diastolic minimum of said single pressure wave, and an
unwanted or artificial maximum (P,,,,) 15 value does not
represent the systolic maximum value of said wave. The
peaks or valleys that are considered as unwanted or artificial
depend on the criteria used during the identification proce-
dure. As indicated in FIG. 2a, the procedure of identifying
maximum (P, ,.) 3 and minimum (P_;,) 2 values always
results in a lot artificial maximum (P_,,) 15 and minimum
(Pin) 14 detection values. In FIG. 2a all the detected
minimum and maximum values are shown. In other words
the peak and valley detections have to be refined according
to selected criteria. Therefore, wrong maximum 15 and
minimum 14 values have to be removed. A total of eight
wrong maximum 15 and eight wrong minimum 14 values
are indicated in FIG. 2a. The acquired signal is first run
through separate detection of minimum and maximum val-
ues. The maximum peak threshold value (or peak) is set to
the lowest level in the signal, with duration longer than
predefined values. A variety of pre-defined values may be
chosen. The minimum threshold (or valley) is set to highest
signal level, and the duration of the valley is a pre-defined
value, as described above. Subsequent to this analysis, all
maximum and minimum values are represented with an
amplitude value and a location value or time stamp. This
procedure will result in a lot artificial maximum (P, ,,) 15
and minimum (P_;,) 14 detection values. Therefore the
maximum and minimum detection has to be refined. After
refinement, the result is a collection of approved maximum
(Phax) 3 and minimum (P, ;) 2 pairs (FIG. 25) that may be
presented to the function handling the dynamic parameter
analysis. First, grouping of the maximum values and mini-
mum values is performed. For every maximum the subse-
quent minimum is found. This couple makes a maximum-
minimum (P, /P .) pair. The latter maximum-minimum
pair is inspected for threshold level. The threshold value has
to be larger than a given value. Subtracting the maximum
amplitude and minimum amplitude performs this. The
inventor found it useful to use the following criteria for
intracranial pressure: Amplitude (AP) 4 must be between 1.0
and 35.0 mmHg, and latency (AT) 5 between 0.10 and 0.40
seconds. For arterial blood pressure, the thresholds were
30-120 mmHg for amplitude (AP) 4 and 0.10 to 0.40 seconds
for latency (AT) 5. These thresholds represent, however, no
limitation of the scope of the invention. Other thresholds
may as well be used. The pre-defined values may depend on
age, and other variables such as type of pressure, type of
cavity wherein pressure is measured, as well as underlying
diseases. If the amplitudes (AP) 4 and latencies (AT) 5 are
different from the pre-selected values, the pair is discarded.
All the dynamic values are calculated by using the approved
minimum-maximum (P,;./P....) pairs. Only approved P/
P_., pairs are entered into the time sequences for further
analysis. Thus, an accepted P_, /P .. pair refers to an
accepted diastolic minimum (P, ;,) 2 value followed by a
subsequent systolic maximum (P ) 3 value, indicative of
an accepted single pressure wave 1. Criteria are applied as
well to which diastolic minimum (P,;,) 2 value that is
considered to terminate the single pressure wave. The values
which are calculated are amplitude (AP) (delta intracranial
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pressure expressed in mmHg) 4, latency (AT) 5, rise time
coefficients (AP/AT) 6, and heart rate 16. The latency (AT)
5 from minimum to maximum is the time where the pressure
of the single wave increases from the diastolic minimum
pressure (P,;.,) 2 to the systolic maximum pressure (P,,..) 3.
Afterwards the P_; /P_ . pair is inspected for the AP/AT 6
value. The AP/AT 6 value can be expressed as (peak ampli-
tude—valley amplitude) divided by (peak location-valley
location). This will further remove P_; /P_ .. pairs caused by
for example an artefact in the collected signal. All AP/AT
values with a value equal or larger than a given value are
discarded. Another criterion is related to the wavelength
duration. Since the wavelength is a measure of the heart rate,
the heart rate represents still another criterion. After apply-
ing the various criteria to single pressure wave detection, the
collection of peaks and valleys now contains only approved
Pin/Pmax pairs, corresponding to approved single pressure

waves.

[0064] With reference to FIG. 25, a total of 8 accepted
P /P, pairs are indicated. The individual single pressure
waves 1 are indicated along with the time reference on the
time scale 12, and the levels of the single wave amplitudes
are indicated on the pressure scale 13. The duration of said
time sequence is 6 seconds. It is indicated that each of these
P.in/Pmax pairs (i.e. single pressure waves) have a diastolic
minimum 2 value followed by a subsequent maximum 3
value. Furthermore, the relation of the single pressure waves
1 to the time sequence 11 is indicated. The first 7 accepted
P_../P...x pairs correspond to the first seven single pressure
waves (waves named I, II, III, IV, V, VI, VII). The final
accepted P, /P, . pair has no number since this wave is not
included in this time sequence 11. The reason for this is that
no accepted minimum 2 value was identified within the time
sequence 11. Provided that such an accepted minimum 2
value is determined within the subsequent time sequence,
this wave will become the first wave in the following time
sequence (see FIG. 15).

[0065] Thus, during a given recording period all single
pulse pressure waves are identified. However, due to arti-
facts some waves are missed. The software allows the
computation of numbers of artifacts and missed single
waves, as well as relates this to total counts of single waves.
Hence, the artifact ratio may be computed. Given that the
numbers of artifacts are considered as too high a recording
period may be omitted from analysis. Such artifacts relate to
pressure recording sequences without accepted single pres-
sure waves (i.e. accepted P, /P, ... pairs). There are several
reasons for not identifying single pressure waves: Failure of
pressure sensor may cause erroneous pressure recordings.
Noise in pressure signals is another reason. The identifica-
tion of the correct single pressure waves provides the
opportunity for only including those parts of the pressure
recordings that include single pressure waves.

[0066] Measurement of single waves requires a continu-
ous pressure signal, though the pressure signals may be
sampled at a variable rate. The sampling frequency prefer-
ably should be above 10 Hz. The inventor initially found it
sufficient to use a sampling rate of at least 100 Hz to identify
maximum (P_ ) 3 and minimum (P_;,) 2 values. A higher
sampling rate (at least 200 Hz) may be required to find the
maximum P, .. 3 and minimum P_; 2 values for the
individual peaks (P1-P3) 8-10. When valleys (P,;,) and
peaks (P,,.,) are determined with reference to the specific
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peaks P1-3, said valleys and peaks are relative to maximum
values (P,,,,) related to systolic maximum pressure and
minimum values (P,,,,) related to diastolic minimum pres-
sure for said single pressure waves.

[0067] The invention is not limited to a particular range of
sampling frequencies. Rather the sampling rate should be
sufficient to detect the various single pressure wave param-
eters (i.e. P, P, AP, AT, and AP/AT).

[0068] In summary, the procedure of identifying correct
P /P, pairs includes different steps: (1) Filter and con-
catenation of digital pressure signals. (2) All minimum
(P,.;,) and maximum (P, ., ) values are identified and rep-
resented with an amplitude value and a location value (or
time stamp). (3) All P,,;./P ... pairs are identified, where the
subsequent minimum (P_,; ) value is found for every maxi-
mum (P, ,.) value. (4) Only those P_, /P_ .. pairs meeting
certain pre-selected criteria concerning thresholds for AP,
AT and AP/AT are accepted. (5) The single pressure wave
parameters for given time sequences are determined. (6) The
time sequences are subsequently accepted or rejected,

according to criteria for the time sequences.

ins

[0069] With reference to the time sequences 11, a question
is which single pressure waves that should be included. A
time sequence may contain parts of single waves both in the
first and final part of the time sequences. It is not useful to
discard waves of this reason. During a continuous recording
period, single pressure waves 1 occurring between two time
sequences are included in the first or second time sequence
according to selected criteria. The invention is not limited to
which criteria that are used. The inventor used the following
procedure: First, with regard to the final part of a time
sequence 11, the inventor found it useful to include in the
time sequence 11 the single wave 1 that is terminating within
the time sequence 11, which is the single wave terminating
with its last P_ ;. within said time sequence. Thus, the last
single pressure wave 11 included within a time sequence 11
will have its whole wavelength (P, -P . 0x-P i) Within that
particular time sequence, including its last P_, . As indicated
in FIG. 2b, the accepted P_; /P, pair subsequent to single
wave no. VII is not included in the time sequence presented.
If the last accepted P, ;. /P, pair has no P_ ;. the inventor
found it useful to use this wave in the following time
sequence, provided a following time sequence is measured.
Thereby, the single pressure waves may be immediately
analysed for said time sequence without waiting for the
results of analysis of the next time sequence. Second, when
considering the first part of a time sequence 11, the first
single wave 1 will have its final P_;, within this time
sequence. With reference to FIG. 15, in the second time
sequence (named 2°9) the first wave (named I) is the single
wave with its final P_;, within the second time sequence.
The same aspect is indicated in FIGS. 54 and 5b.

[0070] In FIGS. 1b, 2a and 2b are indicated on the
pressure scale 13 (y axis) the absolute pressure levels, which
also give an indication of the values of amplitudes (AP) 4 of
the single pressure waves 1. The amplitude (AP) 4 values are
relative values, not related to a zero pressure level, since the
amplitude (AP) 4 levels represent the pressure difference
between the systolic maximum (P_,,,) 3 and diastolic mini-
mum (P_;.) 2 pressure levels. This is an important aspect of
the invention.

[0071] The absolute pressure levels of the single pressure
waves 1 may as well be determined. The pressure scales 13
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of FIGS. 15, 2a and 25 refer to the absolute pressure levels
that are relative to the atmospheric zero pressure level. The
term absolute pressure refers to the situation when pressure
is relative to the atmospheric zero pressure level. According
to current technology, absolute pressures may be computed
as mean or average of pressures during a time sequence of
5 seconds, and shown on the Y-axis. The X-axis shows the
time of pressure recording. The fundamental difference
between the curve according to the present invention and the
conventional curve according to current technology relates
to the strategy of processing pressure signals. According to
current technology, pressures may be processed in
sequences of 5 seconds, and the mean or area under curve for
continuous pressure signals during the 5 seconds period is
computed. By this conventional approach information about
single waves are missed. The time period wherein mean
pressure is computed may vary and depending on the
monitor system. Furthermore, there is a wide range con-
cerning pressure sampling frequency. Most monitors com-
pute mean pressure in sequences of 5-8 seconds, though the
term absolute mean pressure does not refer to a particular
recording period.

[0072] This invention introduces a new inventive step
concerning computation of absolute mean pressure, related
to time sequence. This method is hereafter referred to as
Method 2, as opposed to Method 1, representing conven-
tional or current technology. The differences between con-
ventional technology (Method 1) and the method according
to this invention (Method 2) are illustrated in FIG. 3a. Given
that absolute mean pressure is computed for a time sequence
11 of 6 seconds, current technology takes into account all
recorded pressure signals during the time period, indicated
by the line termed Total in FIG. 3a. Absolute mean pressure
for said time sequence 11 is the sum of all sample values
(pressure levels) divided by numbers of samples during said
time sequence. In equation 1 is shown the procedure of
computing mean pressure (x=pressure level for each sample,
and n=numbers of samples in the sequence). According to
Method 1, a absolute mean pressure of 1.85 mmHg was
computed for the time sequence presented in FIG. 3a.

=" )

[0073] The time sequence indicated in FIG. 3a shows five
accepted single pressure waves 1 within said time sequence
(named I, II, II1, IV, and V). According to the criteria used,
the pressure signals between single wave III and IV were not
indicative of single pressure waves. The basic concept of
this invention is that pressure values are only relevant when
related to single pressure levels, since pressure signals not
indicative of single pressure waves probably represent noise,
not related to pressure per se. Mean pressures computed
according to conventional technology does not take into
account whether pressure signals are related to single pres-
sure waves or not. This invention introduces a new inventive
step, namely computing mean pressure for said time
sequence 11 as the sum of mean pressure for all individual
single pressure waves (P_;, to P_...) divided by the number
of waves during said time sequence. Thereby, pressure
samples not related to single pressure waves are not included
in determining absolute mean pressure for the particular
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time sequence. For the time sequence presented in FIG. 3a
the wavelength (P, to P_;.) 7 for each individual single
wave (I to V) is indicated. In this situation the Formula 1 is
applied to each individual single wave, wherein each wave
begins and ends with a diastolic minimum value, equal to the
wavelength (P, to P_. )7 of said single pressure wave 1.
According to equation 1, for each individual single wave,
the sum of all pressure samples (pressure levels) is divided
by the numbers of samples. In this particular example, the
sampling rate was 100 Hz. Absolute mean pressure was 2.5
mmHg for single pressure wave I, 2.27 mmHg for wave II,
2.96 mmHg for wave 111, -0.45 mmHg for wave IV and 1.07
mmHg for wave V. Second, for the whole time sequence, the
sum of mean pressure for each individual single pressure
wave during said time sequence is divided by the number of
single waves. Non-accepted single waves (or time
sequences) are not included in the analysis. Mean pressure
for the time sequence in FIG. 3a according to Method 2 was
1.67 mmHg [(2.5+2.27+2.96-0.45+1.07)/5]. Actually the
difference was small concerning absolute mean pressure
computed according to Method 1 (1.85 mmHg) and Method
2 (1.67 mmHg).

[0074] In FIG. 3b is shown the relationships between
absolute mean pressure computed according to Method 1 or
Method 2. On the y axis, the absolute mean pressure 17
refers to mean pressure computed according to Method 1,
with reference to absolute mean pressure 18 computed
according to Method 2 on the x axis. Each plot in the scatter
19 refers to absolute mean values computed by either of the
methods. Both methods were applied to individual time
sequences of 6 seconds during a series of continuous time
sequences in a total of 75 continuous pressure recordings.
These 75 continuous pressure recordings included a total of
873546 time sequences 11, each lasting 6 seconds. Of these
time sequences, a total of 144835 time sequences were
rejected according to selected criteria. No single pressure
waves were found in 20862 time sequences. Thereby, the
plot presented in FIG. 35 is based on a total of 707849 time
sequences, each lasting 6 seconds. As indicated in FIG. 35,
at the group level a very high correlation exists between
mean pressure computed according to Method 1 and Method
2, as indicated by the regression line 20.

[0075] Despite a very high correlation between absolute
mean pressures computed by either of the methods, a major
advantage with the inventive method (Method 2) is that
absolute mean pressure is computed only when single pres-
sure waves are identified. If no single pressure waves are
accepted or identified, no absolute mean pressure is com-
puted. Method 1, on the other hand, computes mean pressure
whether single pressure waves are present or not. Reference
is now given to FIG. 4 that shows an intracranial pressure
recording lasting about 11 hours and 54 minutes. This
continuous recording period consisted of a continuous series
of 7145 time sequences 11. Only a total of 7 time sequences
11 were accepted, whereas 7134 time sequences 11 con-
tained no single pressure waves, and 4 time sequences 11
were rejected according to selected criteria. In FIG. 4a is
provided an example of one of the time sequence 11 of 6
seconds that contained no single pressure waves. The abso-
lute pressure levels were between 2 and 3 mmHg. As shown
the pressure signal contained only unwanted or artificial
minimum 14 and maximum 15 values, not related to single
pressure waves 1. According to Method 1, mean pressure for
each time sequence 11 is computed as the sum of all pressure
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sample levels divided by the number of pressure samples. In
FIG. 45, the mean pressure 17 according to Method 1
computed within each time sequence each 6 seconds is
plotted repeatedly against time in the time scale 12. The
mean pressure trend plot (pressure curve) 21 consists of
repeated plots, wherein each plot represents the mean pres-
sure value of the 6 seconds time sequence 11. When only
considering the pressure curve 21, it is not possible to know
whether the curve is acceptable or not. Examples of absolute
mean pressure trend curves 21 are also shown in FIGS. 9a,
9¢, 10a, 10¢, 11a, and 11¢. In FIG. 4¢ is shown another trend
plot wherein the y axis shows absolute mean pressure
computed according to Method 218 and the x axis the time
scale 12. No pressure curve was found in FIG. 4¢. Thus,
computation of mean pressure within given time sequences
according to the method described here (Method 2) gives the
major advantage of not computing pressure values when
single pressure waves are not identified. When single pres-
sure waves are present, the method gives absolute mean
pressure values very similar to the absolute mean pressures
computed according to conventional technology.

[0076] Reference now is given to FIGS. 5a and 5b. One
single wave 1 has the duration from one minimum value
(P..;in) back to another minimum value (P,;,), which is the
duration of the wave (see FIGS. 1a and 3a). During a time
sequence 11, the heart rate 16 may be computed according
to two methods (HR-methods 1 and 2). According to the first
method (HR-method 1), heart rate 16 is defined as equal to
the number of single pressure waves during said time
sequence, divided with the duration of said time sequence.
With reference to FIG. 5q, heart rate is equal to a number of
waves divided by recording time (seconds). During the first
time sequence 11 of 6 seconds 7 single pressure waves were
identified (I to VII), giving a heart rate of 7/6 seconds
(=1.2/second).

[0077] Another strategy (HR-method 2) is defining heart
rate as numbers of waves divided by the total wavelength of
said single pressure waves. In one single pressure wave, the
entire wavelength is defined as the duration from P_, to
P_.in- The heart rate is the number of single pressure waves
during a time sequence divided by the duration of the time
sequence wherein these waves occurs. Heart rate method 2
is somewhat more accurate than Heart rate method 1, since
the first method only includes the duration of the time
sequence wherein single waves occurred. With reference to
FIG. 5a, the sum of wavelengths (i.e. P, -P. .x-P i) of the
7 single pressure waves (I to VII) were 5.7 seconds, heart
rate would be 7/5.7 seconds (=1.2/second). Some minor
differences in heart rate may be computed by the two
methods.

[0078] The invention includes through its methods of
analysis at least two levels of verifying whether a time
sequence 11 includes correct single pressure waves: (1)
Criteria for accepting or rejecting single pressure waves
entering into the time sequences. (2) Criteria for accepting
or rejecting the individual time sequence. If the time
sequence 11 is not accepted according to the criteria, the
time sequence 11 is rejected for further analysis.

[0079] First, the main strategy for identification of single
waves 1 are related to criteria applied to accepted P ;. /P ...«

pairs concerning ranges for amplitude (AP) 4, latency (AT)
5, and rise-time coeflicients (AP/AT) 6. Single pressure
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waves not meeting the pre-selected requirements are
rejected. A new time sequence 11 is started including the first
accepted P;./P.. pair, which is the first accepted P/
P_ .. pair that has its final P,_; 2 within that particular time
sequence 11. This has been commented on for FIGS. 2a and
2b.InFIG. 2a is indicated a total of 17 P, /P, .. pairs. After
the single pressure wave criteria were applied to these 17
P /P, pairs, only a total of 8 P; /P, pairs were
accepted (FIG. 2b). However, only 7 single pressure waves
(Ito VII) were included in the time sequence, as the accepted
P in/Prax pair following wave VII was not followed by an
accepted P_ ;. value within the particular time sequence.
Therefore, this latter accepted P, /P_ . pair was included
in the subsequent time sequence, provided that an acceptable

P, was identified.

[0080] Second, criteria may be applied to the individual
time sequences 11, determining whether the entire time
sequence is accepted or not. The strategy is related to the
numbers of single pressure waves (or the heart rate) during
the time sequence. During a time sequence the heart rate 16
should be within physiological limits. Ranges for numbers
of single waves within a time sequence may be defined. The
inventor found it useful to define that the heart rate should
be 40-180 (i.e. 4 to 18 single waves within a time sequence
of 6 seconds). Thus, time sequences of 6 seconds duration
containing a number of single pressure waves outside 4-18
are not accepted for further analysis. Other criteria may as
well be used. In addition, thresholds may be defined for
accepted variation of numbers of single waves within a time
sequence. For several time sequences, standard deviation of
numbers of single waves within the time sequence may be
computed, wherein time sequences with numbers of single
waves deviating too much from standard deviations are
rejected.

[0081] When several pressures are monitored simulta-
neously with identical time reference, numbers of single
pressure waves within identical time sequences may be
compared, as illustrated in FIGS. 5a and 5b. For example,
simultaneous monitoring of continuous arterial blood pres-
sure (ABP) (FIG. 5a) and intracranial pressure (ICP) (FIG.
5b) with the same time reference provides the opportunity to
compare numbers of waves for these two pressures during
identical time sequences. During a given time sequence,
numbers of single waves of ICP (Ngy._1cp) Waves should be
nearly equal to numbers of single waves of ABP waves
(Nsw-asp) [Nsw-app~Nsw.1cp<2). In the same way, heart
rate (HR) derived from single waves of ICP (or CSF,)
(HR;cp) may be compared with heart rate (HR) of ABP
(HR ,5p). During this recording period, the difference of
heart rate (HR) derived from these pressures should be less
than 2[HR 4 pp—HR;p<2]. As illustrated in FIGS. 5a and 55,
the first time sequence (named 1) contains seven single
pressure waves (named I-VII), identical to the second time
sequence (named 2°%). It should be noted that the numbers
of single pressure waves were equal (nos. I-VII) for both
arterial blood pressure (FIG. 5a) and intracranial pressure
(FIG. 5b). The specific numbers (<2) are only for illustrative
purposes and should not be regarded as limitations of the
invention.

[0082] Comparisons between numbers of waves for one
pressure type within a time sequence also may be compared
against heart rate measurement from another source, for
example pulse oxymetri (spO,), or electrocardiography
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(ECG). Heart rate 16 during a given recording period
derived from either arterial blood pressure or intracranial
pressure waves should be equal to heart rate derived from
oxygen saturation measurements or by electrocardiography
(ECG) [HRp.0o-HRycp<2; HRpeg—HRicp<2]. The inven-
tor found it useful to use criteria for differences in single
waves <2, though other criteria may as well be applied.

[0083] For each time sequence 11, all the single waves and
single wave parameters are known. Accordingly, standard
deviations for all the single pressure wave parameters may
be computed. Standard deviations for relative pressures
include the parameters amplitude (AP) 4, latency (AT) 5, and
rise time coeflicient (AP/AT) 6 for all single pressure waves
1 within the time sequences 11. Standard deviations for
absolute pressures include absolute pressure values such as
mean pressure for all individual single pressure waves (i.e.
mean pressure from P_; to P for each individual of all
single waves within the time intervals), standard deviations
for diastolic minimum (P_;,) 2 for all individual single
pressure waves during said time sequence, standard devia-
tions for systolic maximum pressure (P,,,,) 3 for all indi-
vidual single waves 1 during the time sequence 11. Other
criteria for acceptance or rejection of a time sequence may
be related to limits for the standard deviations referred to
here.

[0084] Repeated up-dates are made concerning numbers/
proportion of accepted and rejected time sequences (and
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within the cells of said matrix 36 represents the total
numbers of single waves with the given combination of
amplitude 4 and latency 5. In another situation the numbers
37 may refer to percentages. When percentages are used, it
is against total numbers of waves. The amplitudes 4 are
usually expressed in mmHg and the latencies 5 in seconds.
The numbers of cells in such a matrix 36 may differ
depending on the number of columns and rows. An example
is given based on experience of the inventor. For intracranial
pressure, the inventor found it useful to use the range of
amplitudes (AP) 4 equal to 0 to 30.0 mmHg, with intervals
of 0.5 mmHg, giving a total of 60 columns. The range of
latencies (AT) 5 is 0.10 seconds to 0.40 seconds with
intervals 0.01 seconds, giving a total of 30 rows. In this
matrix the total cell number is 1800. The example represents
no limitation of the scope of the invention. For arterial blood
pressure, on the other hand, the inventor used the range of
amplitudes (AP) from 30 to 120 mmHg, with intervals 0of 2.0
mmHg, giving a total of 45 columns. The range of latencies
(AT) is 0.10 seconds to 0.40 seconds with intervals 0.01
seconds, giving a total of 30 rows. In this matrix the total cell
number is 1350. However, these are only examples, and are
not intended to limit the scope of the invention.

[0086] An example of a small part of a matrix applied to
intracranial pressure is shown in Table 1. The matrix 36
(referred to as first matrix) illustrate only a small fraction of
a large matrix of 1800 cells.

TABLE I

Part of a matrix of amplitude (AP) and latency (AT) combinations.

Group name 0.5 1 1.5 2 2.5
Group range 05=dP<10 1.0=2dP<15 15=dP<20 20=dP<25 25 =dP<3.0
Group midpoint 0.75 1.25 1.75 2.25 2.75
0.1 0.10 =dT < 0.11 0.105
0.11 0.11 =dT < 0.12 0.115
0.12 0.12 =£dT < 0.13 0.125 3 12
0.13 0.13 =dT < 0.14 0.135 16 12 8
0.14 0.14 = dT < 0.15 0.145 7 5 4
0.15 0.15 = dT < 0.16 0.155

single waves). A log is made for numbers of rejected time
sequences and numbers of rejected single pressure waves. A
log also is made for reasons of rejection, such as abnormal
AP 4, AT 5, AP/AT 6, or abnormal changes in HR 16.
Rejected portions of trend plot may be indicated by color of
graph or background. Examples of such statistics were made
for FIGS. 35 and 4a.

[0085] After identification of the single pulse pressure
waves 1 during a recording period, the single pressure waves
are subject to analysis. Fundamental to the invention is the
computation of a matrix 36 of numbers or percentages of
single pulse pressure waves with pre-selected wave charac-
teristics. Examples of such characteristics are latencies (AT)
5 and amplitudes (AP) 4. The matrix 36 of amplitude (AP)
4 and latency (AT) 5 combinations are referred to as the first
matrix in this document. Again, the latencies and amplitudes
in the matrix presented in Tables I, V and VI refer to single
waves identified by diastolic minimum (P,,;) 2 and systolic
maximum (P,,,) 3 values. As indicated, the group of
amplitudes are shown on the horizontal row, and the group-
ing of the latencies on the vertical column. Each number 37

[0087] The amplitude (AP) 4 values are presented in the
columns and the latency (AT) 5 values in the rows. For
example the first column corresponds to the first amplitude
(AP) group, named 0.5 (corresponding to 0.5 mmHg); this
group includes amplitude (AP) 4 values greater or equal to
0.5 mmHg, but less than 1.0 mmHg (indicated by the group
range 0.5=AP<1). The midpoint (or mean) of the group is
0.75 [(0.5+1.0)/2]. Similarly, the first latency group is
termed 0.1, corresponding to a latency of 0.1 seconds. This
latency group includes latencies with a duration greater or
equal to 0.10 seconds, but less than 0.11 seconds (indicated
by the group range 0.10=AT<0.11). The group midpoint is
0.105 [(0.10+0.11)/2]. The amplitude/latency (AP/AT)
matrix can be seen as a two dimensional collection of bins,
where the rows are labelled AT and the columns are labelled
AP. A cell equals a bin. Each bin denotes how often AP/AT
combinations have appeared. When the observation is cat-
egorized or grouped, the midpoint of the group is used. The
data are categorized when the data are in a “range”. As an
example the first bin in the matrix presented in Table I
contains all AP values which fall in the range greater or equal
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to 0.5 mmHg and less than 1 mmHg, with a AT value greater
or equal to 0.10 seconds and less than 0.11 seconds. The
matrix cells found at intersections between columns and
rows indicate numbers or proportions of single pressure
waves with specific combinations of amplitude (AP) and
latency (AT). The numbers presented in Table I refers to an
intracranial pressure recording lasting one minute including
10 time sequences 11, each lasting 6 seconds. During these
6 time sequences a total of 67 single pressure waves
occurred. The distribution of the various single pressure
waves during this recording period is shown in Table 1. For
example, single pressure waves 1 with an amplitude (AP) 4
greater or equal to 1.5 mmHg but less than 2.0 mmHg and
a latency (AT) greater or equal to 0.14 seconds, but less than
0.15 seconds occurred 5 times during the time sequence
represented in this matrix.

[0088] During real time monitoring, the matrix may be
computed each 5 seconds. The centre of mass of distribution
(balanced position) of single waves with combinations of
latency and amplitude may be computed, without taking into
account the heart rate. Another implementation may be
continuous update of single wave distribution each 5 or 10
seconds. On the monitor display a histogram is presented
each 5 seconds in many monitors, though there may be
differences between the monitors. The invention does not
give any limitations concerning the frequency of updates of
matrix.

[0089] The preferable approach suggested by the inventor,
is repeated computation of the matrix during a continuous
pressure monitoring. For each of said time sequences 11 the
matrix 36 is computed. For example, with reference to FIG.
5a, one matrix is computed for the first time sequence
(named 1% and a new matrix computed for the second time
sequence (named 2™%). For the first time sequence 11 (termed
1), the matrix 36 contains the amplitude (AP) 4 and latency
(AT) 5 values of seven single pressure waves. For the second
time sequence 11 (termed 2°9), a new matrix 36 is computed
also containing seven single pressure waves. For each indi-
vidual time sequence, new AP/AT combinations are subse-
quently entered into the matrix cells during the ongoing
pressure measurement. The matrix is updated dynamically
during such a 6 seconds time sequence, each cell is updated
by adding the new value to the old content. After the 6
seconds interval the procedure is reiterated starting with a
new and empty matrix.

[0090] The matrix 36 presentations may be subject to
various types of analyses. The balanced position within the
matrix may be presented as numerical value combinations
38 such as centroid or centre of distribution. According to
the present invention, the single waves 1 with pre-selected
characteristics of latency 5 and amplitude 4 are computed,
and the matrix 36 of single wave combinations computed,
with presentation of the distribution of single wave combi-
nations. For the 5 second period the balanced position of
single wave combinations may be computed, for example as
centroid or centre of distribution. For example, a combina-
tion 38 of 0.17]2.0 refers to the single wave combination of
latency of 0.17 seconds and amplitude of 2.0 mmHg. During
real-time monitoring these numerical value combinations
may be updated each time sequence 11 of 5 seconds. In one
embodiment, the numerical value combinations 38 may be
presented on the display of the apparatus, though this is no

Nov. 29, 2007

limitation of the scope of the invention. For example,
presentation on the display of monitoring systems is pos-
sible.

[0091] The balanced position of single wave combina-
tions, for example determined as centroid or centre of
distribution, may also be presented on the y axis in a xy chart
with time on the x axis (see FIG. 8¢). For example, the
centroid or centre of distribution of single wave combina-
tions may be computed repeatedly each 5 second and plotted
in the XY-chart during a period of recording. In this situa-
tion, the curve reflects numerical value combinations of
centroid or centre of distribution of single wave combina-
tions within the histogram or matrix.

[0092] Balanced position within a matrix may have dif-
ferent names, such as centroid, centre of distribution, or
centre of mass. In this document it is preferred to use the
term balanced position. In the context described here, bal-
anced position refers to mean frequency distribution of
occurrences of single pressure wave parameters. In this
document the terms balanced position of amplitude (AP),
balanced position of latency (AT) and balanced position of
rise time coeflicient (AP/AT) are used as terms with respect
to the first and seconds matrixes, respectively. However, the
term balanced position per se is a method for determining
the mean occurrence either within a one- or two-dimensional
matrix in general.

[0093] With reference to the matrix presented in Table I,
the procedure of computing balanced position of the distri-
bution of different amplitude (AP) and latency (AT) combi-
nations is described. The numbers referred to in Table I
relates to a recording period of 1 minute. The method is
however, similar whether the recording period is 5, 6 or 10
seconds, or 1 minute or 10 hours. The balanced position
relates to the frequency distribution of the different occur-
rences of amplitude (AP) 4 and latency (AT) 5 during the
selected time period. The method is similar independent on
factors such as type of pressure, group ranges, or numbers of
cells. Depending on the range of amplitude and latency
values, the matrixes may contain a variable number of
columns and rows. However, the balanced position result is
dependent on the matrix resolution.

[0094] With reference to the matrix presented in Table I,
the columns refer to amplitude (AP) 4 groups and the rows
to the latency (AT) 5 groups. The system will have i rows,
and j columns. When computing balanced position/centroid/
mean frequency of such a two-dimensional distribution
(referred to as first matrix), both dimensions have to be
considered. Since there are two variables the mean (or
balanced position) must be given by two numbers, like the
AT|AP values. With reference to Table I, if the values from
the row and column mean are considered, the results may be
interpreted as the mean value for the distribution. The mean
distribution (or balanced position) for the numbers presented
in Table I, is located in the crossing point between the two
lines AP=1.64 and AT=0.135. This is the most accurate way
to describe the balanced position (or mean value) for this
two dimensional distribution. The balanced position in the
matrix shown in Table I is AP=1.64 and AT=0.135, corre-
sponding to the cell with count 12. In the following, some
details are given concerning computation of mean row and
mean column values. First, the latency (AT) mean value (or
row mean), with respect to the amplitude (AP) values
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(columns) is determined. The m; for each latency (AT) row
is determined, by using the equation 2.

@

i=c
m; = Z Ajwi
i=1

where A, is the ™ column midpoint, referring to an ampli-
tude (AP) group value; wy; is the frequency (count) of the it
AT row and j AP column cells. Then,

r (3)
m;B;
1

i=

Row mean = Mean(d?) =

[0095] where B, is the i row AT midpoint value (r=row).
The term “i*™ AT row and j™ AP column cell” may also need
an explanation. If a horizontal line is drawn through the
midpoint in row i, and a vertical line through the midpoint
in column j, the two lines will cross each other in a cell. This
cell has the coordinates “i™ row and j** column cell”. As an
example, the data of Table I are used to calculate the mean
row value. Application of the equations (2) and (3) gives a
row mean with respect to columns equal to 0.135 seconds
(14.9/110.25). The calculations are shown in more detail in

Table II.

TABLE 1I

Computation of row (latency) mean with respect to
columns (amplitude).

mi ATi mi x ATi
3x1.254+12x 1.75 =24.75 0.125 3.0925
16 x 1.25 + 12 x 1.75 + 8 x 2.25 =59 0.135 7.965
Tx1254+45x1.75+4x%x225=265 0.145 3.8425
Sum = 110.25 14.9

Row mean: 14.9/110.25 = 0.135 seconds

[0096] Second, the AP mean value (columns), with respect
to the AT value (rows), is determined. The column AP mean
value are found using the same approach as used for finding
the mean row AT value. First, the m; for each AP column is
found, as given in equation (4).

“)

i=r
mj = Z Biwy;
i=1

where B, is the i row AT midpoint, and referring to a AT
group value and w;; is the frequency for the i row and j*
column. Then,
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&)

j=c
Z mjAj

=1

Column mean = Mean(d P) =

S

c
mi1

.
1

[0097] where A; is the i™ column AP value midpoint
(c=column). The calculations are shown in Table III, using
the equations (4) and (5), the column mean with respect to
rows will be equal to 1.64 mmHg (14.9/9.055).

TABLE I1I

Computation of column (amplitude) mean with respect
to rows (latency).

Column mj APj  mj x APj

1
2 3x0125+16x0.135+7x0.145=355 125 44375

3 12x 0125 + 12 x 12 x 0.135 + 1.75 6.72875
5 x0.145 = 3.845
4 8x0135+4x0.145+4x=1.66 2.25 3.735
5
Sum 9.055 14.9

Column mean: 14.9/9.055 = 1.64 mmHg

[0098] Finally, it should be mentioned that balanced posi-
tion may as well be determined within a one-dimensional
matrix (termed second matrix). Such a matrix is used for
determining balanced position of occurrences of rise-time
coeflicients during a given time sequence. It may be used for
other one-dimensional matrix variables/relations as well. In
this situation the rise time coeflicients are plotted in a
one-dimensional matrix of pre-defined rise time coeflicients.
In such a one-dimensional frequency distribution we have
two variables x;, and w; (x; equal to the value of each
observation, w; equal to the frequency or count). Xx; is
comparable to AP/AT and w; is comparable to the number of
occurrences of the various AP/AT combinations. The mean
of this distribution may be computed according to equation
6:

-
E
=

>
I

, k = number of observations

Tt
=

[0099] It has been discussed computation of a two-dimen-
sional matrix of combinations of amplitude (AP) and latency
(AT) combinations (referred to as the first matrix), and also
computation of a one-dimensional matrix of combinations of
rise-time coefficients (AP/AT) (referred to as the second
matrix). It should be noted that these are examples, and not
intended to limit the scope of the invention. A matrix may
contain any of the single pressure wave parameters dis-
cussed in this document, and any combinations are possible.
Matrixes may be computed for any type of pressure. The
numbers of groups may be selected.
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[0100] Reference is now given to FIGS. 6a-c. This figure
illustrates differences between computation of absolute
mean pressure and single pressure wave parameters. Intrac-
ranial pressure was measured simultaneously by means of
two different sensors located within the brain parenchyma,
separated by 1-2 centimetres. Intracranial pressure would be
expected to be similar, given the narrow location between
the sensors. Intracranial pressure was measured simulta-
neously by the two sensors. Since measurements had iden-
tical time reference, the single pressure wave parameters
computed within given time sequences of 6 seconds duration
could be compared time sequence for time sequence. For
each time sequence 11 absolute mean pressure was com-
puted according to Method 2, as well as balanced position of
amplitude (AP) and balanced position of latency (AT). Time
sequence for time sequence in the continuous series of time
sequences, differences between the two pressure recordings
were computed with regard to absolute mean pressure (FIG.
6a), balanced position of amplitude (AP) (FIG. 65), and
balanced position of latency (FIG. 6¢). With reference to
FIG. 6a, on the x axis is shown the number of the time
sequences 22. In this recording period, the first time
sequence starts with number 1 and the last time sequence
ends with number 4100, indicating the start and end of the
recording period, respectively. Thus, the continuous record-
ing period consisted of a series of 4100 continuous time
sequences 11, corresponding to 24600 seconds (6.8 hours).
On the x axis is indicated the scale for differences in absolute
mean pressure 23. The differential pressure curve 24 shows
the trend distribution of differences in absolute pressure
within identical time sequences for two pressure recordings
with different sensors. Each plot within said differential plot
24 presents differences within identical time sequences for
absolute mean pressure, wherein differences related to pres-
sures measured by either of said two sensors. A large
variation in absolute pressures is shown. For time sequence
number 1000, absolute mean pressure was 20.2 mmHg for
sensor 1 and 33.3 mmHg for sensor 2, with a difference in
mean pressure of —13.1 mmHg. In FIG. 65 is indicated on
the y axis differences in balanced position of amplitude (AP)
25 and the series of time sequences 22 on the x axis. The
differential curve of balanced position 26 shows for con-
secutive time sequences differences in balanced position of
amplitude (AP). The trend curve show 25 that differences in
balanced position of amplitude (AP) between identical time
sequences are minimal. For time sequence number 1000,
balanced position of amplitude was 5.2 mmHg for sensor 1
and 5.6 mmHg for sensor 2. Difference in balanced position
was 0.4 mmHg. In the same way, differences in balanced
position of latency are shown in FIG. 6¢. In FIG. 6¢ is shown
on the y axis differences in balanced position of latency (AT)
27 and on the x axis the consecutive series of time sequences
22. The differential trend plot of balanced position of latency
(AT) 28 show minimal differences between balanced posi-
tion of latency (AT) for different pressure curves using
different sensors with identical time sequences. The results
presented in FIG. 6a-c suggest that pressures are less reli-
ably predicted by absolute mean pressure, as compared to
balanced position of amplitude (AP) and latency (AP). Again
it should be noted that differences were computed on a beat
to beat basis since the time reference was identical.

[0101] With regard to time sequences, absolute mean
pressure and balanced position of either amplitude (AP) or
latency (AP) are only few of many different single pressure
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wave parameters. The various parameters related to single
pressure waves 1 are discussed in the following. An inven-
tive step of this invention is to store in a database the single
pressure wave related parameters computed according to the
invention. The single wave 1 related parameters relate to
said time sequences 11. Before creating a database, the
duration of said time sequences may be selected. The
inventor suggest that the duration preferably should be of
5-15 seconds duration. Specific durations of said time
sequences are not a limitation. The inventor computed a
database wherein time sequences of 6 seconds duration were
selected. Within each time sequence the single wave related
parameters may either be related to each of the individual
single pressure waves within said time sequence, or to the
group of individual single waves within said time sequence.

[0102] For each of the individual single pressure waves 1
within said time sequence 11, the following parameters are
stored (referred to as Single wave parameters 1-6):

[0103] 1. Absolute pressure value for diastolic mini-
mum (P_;.) 2 value for each individual single pressure
wave 1 (i.e. accepted P ; /P, pair) during said time
sequence 11.

[0104] 2. Absolute pressure value for systolic maximum
(P_...0) 3 value for each individual single pressure wave
1 (ie. accepted P, /P... pair) during said time
sequence 11.

[0105] 3. Absolute mean pressure for each accepted
single wave 1 (i.e. accepted P, /P . pair) (related to
each accepted P, /P, .. pair), that is mean pressure
from P, to P, (wavelength) 7 for each individual

single pressure wave 1 during said time sequence 11.

[0106] 4. Relative amplitude (AP) 4 pressure value for
each individual single pressure wave 1 (i.e. accepted
P /P ... pair) during said time sequence 11.

0107] 5. Relative latency (AT) 5 value for each indi-
Y
vidual single pressure wave 1 (i.e. accepted P, /P
pair) during said time sequence 11.

[0108] 6. Relative rise time coefficient (AP/AT) 6 value
for each individual single pressure wave 1 (i.e.
accepted P, /P, .. pair) during said time sequence 11.

max

max

[0109] For the group of single pressure waves within said
time sequence 11, the following parameters are stored
(referred to as time sequence parameters 1-12):

[0110] 1. Numbers of single waves (Ngy,) during said
time sequence.

[0111] 2. Single pressure wave derived heart rate 16,
computed as numbers of single pressure waves 1
divided with the total duration of wavelengths (P ;. to
P.in) 7 of single pressure waves within said time
sequence 11.

[0112] 3. Single pressure wave derived heart rate 16,
computed as numbers of single pressure waves 1
divided with the duration of said time sequence 11
wherein said single pressure waves occur.

[0113] 4. Absolute mean pressure for said time
sequence 11, computed as the sum of absolute mean
pressure (entire wavelength 7 from P ;. to P ;) for all
individual single waves 1 during said time sequence 11,
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divided by numbers of single waves within said time
sequence 11 (referred to as Method 2).

[0114] 5. Standard deviation for mean pressure of mean
pressure for the individual single waves 1 occurring
during said time sequence 11.

[0115] 6. Standard deviation for diastolic minimum
(P,,;n) 2 during said time sequence, which is computed
as standard deviation for diastolic minimum (P,,;,) 2 of

all individual single waves 1 during said time sequence

11.

[0116] 7. Standard deviation for systolic maximum
(P hax) 3 during said time sequence 11, which is com-
puted as standard deviation for systolic maximum
(P00 3 of all individual single waves 1 occurring
during said time sequence 11.

[0117] 8. Standard deviation for amplitude (AP) 4 of all
individual single pressure waves 1 occurring during
said time sequence 11.

[0118] 9. Standard deviation for latency (AT) 5 of all
individual single pressure waves 1 occurring during
said time sequence 11.

[0119] 10. Standard deviation for rise time coefficient
(AP/AT) 6 of all individual single pressure waves 1
occurring during said time sequence 11.

[0120] 11. Balanced position of amplitude (AP)/latency
(AT) combinations in said amplitude/latency matrix
(referred to as first matrix).

[0121] 12. Balanced position of rise time coefficients
(AP/AT) in rise time coeflicient matrix (referred to as
second matrix).

[0122] All the single pressure wave related parameters are
computed for each time sequence. Given that the duration of
each time sequence is set to 6 seconds, an individual
recording of 10 hours consists of 6000 time sequences. For
example, the sole parameter Balanced position of amplitude
(AP) and latency (AT) consists of two values (e.g. 0.12
seconds|6.25 mmHg), that gives 12000 values during a 10
hours recording period (20 values/minutex60 minutes/hrx10
hrs). These 12000 values include 6000 values of balanced
position amplitude (AP) 4 and 6000 values of balanced
position latency (AT) S. Thus, for every time sequence the
single wave related parameters are stored. The inventor first
created a database based on time sequences of 6 seconds. At
an early stage the database consisted of several millions of
said time sequences. Since the data are continuous, it is easy
to change the duration of the time sequence (e.g. to 5
seconds duration), though the computer requires time to
process the digital data.

[0123] The database serves several purposes; an important
purpose is to determine relationships between the different
single wave parameters. Since relationships between several
parameters within identical time sequences may be deter-
mined, it is also possible to determine one parameter as a
function of two or more other parameters. For example, for
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one individual pressure recording, the single pressure wave
parameters within each time sequence may be related. This
procedure may be computed in a scatter plot with one
parameter on the y axis and the other on the x axis. An
example is given. A continuous pressure recording of 10
hours contains a total of 6000 time sequences, each lasting
6 seconds. Provided that 5400 of 6000 time sequences are
accepted from said pressure recording, this pressure record-
ing contains a total of 5400 values of balanced position of
amplitude (AP) 4 and 5400 values of latency (AT) 5. In a
scatter plot each value refers to a combination of balanced
position of amplitude (AP) 4 and balanced position of
latency (AT) 5. The relationships between the 5400 plots
may further be determined by computing the best fitted
curve. Goodness of fit may be determined by various strat-
egies. For a given relationship, it is the experience of the
inventor that the goodness of fit as well as the spread of the
plot may differ among different pressure recordings.

[0124] The relationships between parameters may as well
be determined for a group of individual pressure recordings.
For example, for a group of 100 individual pressure record-
ings the relationships between balanced positions of ampli-
tude (AP) 4 and latency (AT) 5 may be determined. Given
that each individual pressure recording contains an average
of 5400 values of balanced position of amplitude (AP) 4 and
5400 values of balanced position of latency (AT) 5, an
averaged total of 540 000 values of each variable is avail-
able. Various mathematical procedures are possible to deter-
mine the relationships between these variables in such a
large sample. A scatter of 540 000 plots may be made. A
relationship may as well be made by a random selection of
the total material. The invention does not limit to a particular
strategy for determining relationships within a large mate-
rial, as various mathematical strategies are possible.

[0125] In FIGS. 7a-c addresses the topic of determining
relationships between single pressure wave parameters
within a group of individual pressure recordings. This is an
example of one strategy, though this example is not intended
to limit the scope of the invention. The data presented in
FIGS. 6a-c represents a total of 40 individual pressure
recordings. These 40 individual pressure recordings contain
a total of 330540 individual time sequences 11, each lasting
6 seconds. First, each individual of said 40 individual
pressure recordings were considered. For each individual
pressure recording, the best fitted equation is determined for
ranges of the parameters wherein the curve is based. For
example, for one pressure recording the best fitted equation
was applicable for the amplitude (AP) ranges of 2.5 to 6.7
mmHg, whereas another pressure recording determined the
best fitted equation for the amplitude (AP) ranges of 5.4 to
12.0 mmHg. Second, the best fitted curves 31 from the
individual pressure recordings were sampled within a scatter
of all 40 individual pressure recordings. In FIG. 7a the y axis
shows the balanced position values of amplitude (AP) values
29, and the x axis the balanced position of latency (AT) 30.
In FIG. 65 is balanced position of amplitude (AP) values 29
on the y axis plotted against absolute mean pressure (com-
puted according to Method 2) 18 on the x axis. In FIG. 6a
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is indicated the regression line 31 corresponding to indi-
vidual pressure recordings of the relationship between bal-
anced position of amplitude (AP) and latency (AT). The total
regression line 32 for all individual pressure recordings is
shown. This corresponds to the relationship between bal-
anced position of amplitude (AP) and latency (AT) for the
whole group of 40 individual pressure recordings including
330540 time sequences. The relationship is exponential. In
FIG. 7b is shown the regression lines 33 for the individual
pressure recordings for the relationship between balanced
position of amplitude (AP) 29 and absolute mean pressure
18. The total regression line 34 for all individual regression
lines concerning relationship between balanced position of
amplitude (AP) 29 and absolute mean pressure 18 is shown
in FIG. 6b. The equation of the total regression line 32 of
FIG. 6a may be combined with the equation of the total
regression line 34 of FIG. 6. Since both equations contain
the variable balanced position of amplitude (AP) 29, it is
possible to compute one of the variables as a function of the
others. This aspect is further illustrated in FIG. 6c¢, wherein
the variables balanced position of amplitude (AP) 29, bal-
anced position of latency (AT) 30, and absolute mean
pressure 18 are plotted are plotted in a 3D graph. In FIG. 7¢
is shown a graphical presentation of the three-dimensional
regression line 35 based on the equation of the three vari-
ables balanced position of amplitude (AP) 29, balanced
position of latency (AT) 30, and absolute mean pressure 18.
The equation of this three-dimensional regression line shows
one variable as a function of the two other variables.
Independent of the method, the following model was com-
puted for this particular relationship: Mean pressure=a+b, x
AP+b,xAT?. On this basis an equation was determined:

Predicted mean pressure=3.214+1.3xAP+63.609xAT® (7)

[0126] It should be noted that this equation is relevant for
the data presented in FIGS. 7a and 7b. For other materials,
other equations may be computed. This equation is included
to give an example of how one single pressure wave
parameter may be expressed as a function of two other single
pressure wave parameters. The data have been selectively
chosen, but contains a huge number of comparisons. The
data shown in these figures consist of 330 540 individual
time sequences 11, each lasting 6 seconds. Nevertheless, an
important question is how to establish a database of indi-
vidual pressure recordings that may provide a reliable rela-
tionship between the single pressure wave parameters.
According to this invention, selected criteria are established
to determine whether or not an individual pressure recording
may be included in determining the relationship between
single pressure wave parameters. Not all scatter plots of
single pressure wave parameters are useful for determining
fitted curve formulas since the variation within the plot may
be very large. Determination of goodness of fit for regres-
sion lines of individual pressure recordings may be made by
various strategies. An important issue is also to determine
which parameters that do or do not influence on each other.

[0127] An important aspect of determining relationships
between single pressure wave related parameters is an
inventive procedure of giving weights to cells within a
matrix. Reference has been made to said first matrix of
amplitude (AP) and latency (AT) combinations (see Table I).
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The cells within the matrix described in Table I may be
represented as weight values. Instead of the word weight, the
word score might be used. In this description the word
weight is preferred. A weighted cell value means that each
cell in said matrix (see Table I) is represented by one value
instead of two values corresponding to the respective col-
umn and row numbers. According to the invention, weight
values are made on the basis of observations. In this context,
observations refer to the relationships established by means
of the database.

[0128] Reference is now given to Table IV that is a weight
matrix. The group names, ranges and midpoints correspond
to the amplitude/latency matrix shown in Table I. For
example, the amplitude (AP) group named 1.5 mmHg
includes amplitude values equal to or larger than 1.5 mmHg,
but less than 2.0 mmHg, with group midpoint value equal to
1.75 mmHg. The latency (AT) group termed 0.11 seconds
includes latency values equal to or larger than 0.11 seconds,
but less than 0.12 seconds, with group midpoint value of
0.115 seconds. With reference to Table IV, the equation of
the relationships presented in FIG. 7¢ was used to give each
individual cell in said matrix a weight value. The weight
value was considered as equal to predicted mean (Predicted
mean pressure=3.214+1.3xAP+63.609xAT?). The equation
was applied to each amplitude and latency group within said
matrix. The equation describes the predicted mean value as
a function of the balanced position of amplitude (AP) and
latency (AT) values. With reference to Table IV, the group
midpoint values of amplitude (AP) and latency (AT) groups
were used as input values to the equation to give each cell
a predicted mean value. For example, by using the equation
7 related to FIG. 7¢ (Predicted mean pressure=3.214+1.3x
AP+63.609xAT?), the cell corresponding to amplitude (AP)
group 1.5 mmHg (with group midpoint 1.75 mmHg) and
latency (AT) group 0.11 seconds (with group midpoint 0.115
seconds) would be represented with the predicted mean
pressure value of 5.59 mmHg. In this example the whole
matrix is weighted according to the equation computed
according to the relationships presented in FIGS. 7a to 7c.
Based on the relationships presented in FIGS. 7a to 7¢, it is
also possible to compute one individual equation for each
amplitude (AP) group within said matrix. Thereby, each
equation is applicable for ranges of amplitude (AP), for
example the ranges 0.5<AP=1.0 mmHg.

[0129] Tt should be noted that the numbers and equations
presented are used as illustrative examples and are not
intended to limit the scope of the invention. The weight
values computed depend on the relationships determined
according to the observational data. Which absolute pressure
levels that correspond to which balanced position AP and AT
levels depend on the fitted curve equations computed for the
particular data set. The invention sets no limitations con-
cerning which types of observations the relationships are
based on. Preferentially the plots should be based on a group
of patients. However, separate plots may be made for
different patient groups, patient ages, and disease states.
These curves may to some extent differ depending on the
types of pressures measured, compartments where pressures
are measured, method by which pressures are measured, age
of patient in whom pressures are measured, as well as
disease state of the patient. In these situations certain weight
matrixes may be used only for particular patient groups or
disease states.
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A part of a weight matrix wherein the number in each matrix cell is a weight value that is
a function of the amplitude (dP) and latency (dT) values.

Group name 0.5 1 1.5 2 2.5
Group range 05<dP <10 10<dP<15 15<dP<20 20<dP<25 25<dP<3.0

Group midpoint 0.75 1.25 1.75 2.25 2.75
0.1 0.10 < dT < 0.11 0.105 4.26 4.91 5.56 6.21 6.86
0.11 0.11 <dT < 0.12 0.115 4.29 4.94 5.59 6.24 6.89
0.12 0.12 <dT <0.13 0.125 4.31 4.96 5.61 6.26 6.91
0.13 0.13 <dT <0.14 0.135 4.35 5.00 5.65 6.30 6.95
0.14 0.14 <dT <0.15 0.145 4.38 5.03 5.68 6.33 6.98
0.15 0.15 <dT < 0.16 0.155 4.43 5.08 5.73 6.38 7.03
0.16 0.16 <dT < 0.17 0.165 4.47 5.12 5.77 6.42 7.07
0.17 0.17 <dT < 0.18 0.175 4.53 5.18 5.83 6.48 7.13
0.18 0.18 <dT < 0.19 0.185 4.59 5.24 5.89 6.54 7.19
0.19 0.19 <dT < 0.20 0.195 4.66 5.31 5.96 6.61 7.26
0.2 0.20 <dT < 0.21 0.205 4.74 5.39 6.04 6.69 7.34
0.21 0.21 <dT <0.22 0.215 4.82 5.47 6.12 6.77 7.42
0.22 0.22 <dT <0.23 0.225 4.91 5.56 6.21 6.86 7.51
0.23 0.23 <dT < 0.24 0.235 5.01 5.66 6.31 6.96 7.61
0.24 0.24 <dT < 0.25 0.245 5.12 5.77 6.42 7.07 7.72
0.25 0.25 <dT < 0.26 0.255 5.24 5.89 6.54 7.19 7.84
0.26 0.26 <dT < 0.27 0.265 5.37 6.02 6.67 7.32 7.97
0.27 0.27 <dT <0.28 0.275 5.51 6.16 6.81 7.46 8.11
0.28 0.28 <dT < 0.29 0.285 5.66 6.31 6.96 7.61 8.26
0.29 0.29 <dT < 0.30 0.295 5.82 6.47 7.12 7.77 8.42
0.3 0.30 <dT < 0.31 0.305 5.99 6.64 7.29 7.94 8.59
0.31 0.31 <dT < 0.32 0.315 6.18 6.83 7.48 8.13 8.78
0.32 0.32 <dT < 0.33 0.325 6.37 7.02 7.67 8.32 8.97
0.33 0.33 <dT <0.34 0.335 6.58 7.23 7.88 8.53 9.18
0.34 0.34 <dT <0.35 0.345 6.80 7.45 8.10 8.75 9.40
0.35 0.35 <dT < 0.36 0.355 7.03 7.68 8.33 8.98 9.63
0.36 0.36 <dT < 0.37 0.365 7.28 7.93 8.58 9.23 9.88
0.37 0.37 <dT < 0.38 0.375 7.54 8.19 8.84 9.49 10.14
0.38 0.38 <dT < 0.39 0.385 7.82 8.47 9.12 9.77 10.42
0.39 0.39 <dT < 0.40 0.395 8.11 8.76 9.41 10.06 10.71
0.4 0.40 <dT < 0.41 0.405 8.41 9.06 9.71 10.36 11.01

Group name 3 3.5 4 4.5 5
Group range 30<dP <35 35<dP<40 40<dP<45 45<dP<50 50<dP<55

Group midpoint 3.25 3.75 4.25 4.75 5.25
0.1 0.10 < dT < 0.11 0.105 7.51 8.16 8.81 9.46 10.11
0.11 0.11 <dT < 0.12 0.115 7.54 8.19 8.84 9.49 10.14
0.12 0.12 <dT <0.13 0.125 7.56 8.21 8.86 9.51 10.16
0.13 0.13 <dT <0.14 0.135 7.60 8.25 8.90 9.55 10.20
0.14 0.14 <dT < 0.15 0.145 7.63 8.28 8.93 9.58 10.23
0.15 0.15 <dT < 0.16 0.155 7.68 8.33 8.98 9.63 10.28
0.16 0.16 <dT < 0.17 0.165 7.72 8.37 9.02 9.67 10.32
0.17 0.17 <dT < 0.18 0.175 7.78 8.43 9.08 9.73 10.38
0.18 0.18 <dT < 0.19 0.185 7.84 8.49 9.14 9.79 10.44
0.19 0.19 <dT <0.20 0.195 7.91 8.56 9.21 9.86 10.51
0.2 0.20 <dT <0.21 0.205 7.99 8.64 9.29 9.94 10.59
0.21 0.21 <dT <0.22 0.215 8.07 8.72 9.37 10.02 10.67
0.22 0.22 <dT <0.23 0.225 8.16 8.81 9.46 10.11 10.76
0.23 0.23 <dT <0.24 0.235 8.26 8.91 9.56 10.21 10.86
0.24 0.24 <dT <0.25 0.245 8.37 9.02 9.67 10.32 10.97
0.25 0.25 <dT <0.26 0.255 8.49 9.14 9.79 10.44 11.09
0.26 0.26 <dT < 0.27 0.265 8.62 9.27 9.92 10.57 11.22
0.27 0.27 <dT < 0.28 0.275 8.76 9.41 10.06 10.71 11.36
0.28 0.28 <dT < 0.29 0.285 8.91 9.56 10.21 10.86 11.51
0.29 0.29 <dT < 0.30 0.295 9.07 9.72 10.37 11.02 11.67
0.3 0.30 <dT < 0.31 0.305 9.24 9.89 10.54 11.19 11.84
0.31 0.31 <dT <0.32 0.315 9.43 10.08 10.73 11.38 12.03
0.32 0.32 <dT <0.33 0.325 9.62 10.27 10.92 11.57 12.22
0.33 0.33 <dT <0.34 0.335 9.83 10.48 11.13 11.78 12.43
0.34 0.34 <dT <0.35 0.345 10.05 10.70 11.35 12.00 12.65
0.35 0.35 <dT < 0.36 0.355 10.28 10.93 11.58 12.23 12.88
0.36 0.36 <dT < 0.37 0.365 10.53 11.18 11.83 12.48 13.13
0.37 0.37 <dT <0.38 0.375 10.79 11.44 12.09 12.74 13.39
0.38 0.38 <dT < 0.39 0.385 11.07 11.72 12.37 13.02 13.67
0.39 0.39 <dT < 0.40 0.395 11.36 12.01 12.66 13.31 13.96
0.4 0.40 <dT < 0.41 0.405 11.66 12.31 12.96 13.61 14.26
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[0130] InFIG. 8 is illustrated how determination of single
wave distribution may be used in the real-time and online
monitoring of pressures. The first sequence of events is
indicated in FIGS. 8a to 8¢, providing a schematic overview
of computing balanced position of amplitude/latency com-
binations within consecutive time sequences 11. Pressure
signals from any type of pressure sensor may be sampled,
and the single waves 1 identified. Within each time sequence
11 (illustrated with a duration of 5 seconds; FIG. 8a), the
single pressure waves 1 are identified. In FIG. 8a is indicated
seven single pressure waves within the time sequence 11 of
5 seconds. For all accepted single pressure waves 1 within
said time sequence 11, the single pressure wave parameters
amplitude (AP) 4 and latency (AT) 5 are plotted in a first
matrix 36. The first matrix 36 in FIG. 85 represents only a
small part of a matrix 36 for intracranial pressure. The
numbers 37 presented in the matrix are numbers of single
waves with different combinations of latency 5 and ampli-
tude 4 during said time sequence 11. An alternative to
presenting numbers is presentation of percentages of com-
binations. With reference to FIG. 85, the numbers of occur-
rences of single waves with amplitude of 2.0 mmHg and a
latency of 0.13 seconds was 2 during said time sequence of
5 seconds. For this matrix 36 the numerical value 38 of
balanced position of amplitude and latency combinations
was 0.12 seconds|2.4 mmHg (FIG. 8¢). This combination of
0.122.4 refers to the single pressure wave combination
wherein latency 5 was 0.12 seconds and amplitude 4 2.4
mmHg. In fact, various terms may be used concerning
balanced position such as centre of mass or centroid. In this
context, the balanced position refers to the mean frequency
distribution of amplitude 4 and latency 5 combinations
within said time sequence 11 and represented in said matrix
36, as previously described in detail. The procedure in FIG.
8a-c is repeated every new time sequence 11 in the continu-
ous series of time sequences 11 during a continuous pressure
monitoring. Accordingly a new balanced position is com-
puted each new 5 seconds in this particular example. During
real-time monitoring these numerical value combinations
may be updated each 5 seconds. The numerical value
combinations 38 may be presented on the display of an
apparatus or a monitor.

[0131] During on-line monitoring it may be difficult for
the physician or nurse to relate to new numerical values
presented each 5 seconds. Therefore, various examples of
presentations are given in FIG. 84-f. In all these examples
the two-dimensional values of balanced position are pre-
sented as one-dimension values. According to this invention
this is made possible by weighting of the matrix cells.
Thereby, the two-dimensional balanced position may be
represented by a one-dimensional weighted value. In FIG.
84 is shown a histogram presentation with numbers or
proportions 39 on the y axis and weighted balanced position
40 values on the x axis. For example, such a histogram may
reveal for a given recording period the total distribution of
weighted values of balanced positions 40 of amplitude and
latency within the time sequences occurring during said
recording period, as further shown in FIGS. 95, 94, 105, and
10d. In such a histogram each bar 41 represents a given
weighted value of balanced position of amplitude and
latency within said 5-second time sequences, with the num-
bers or proportions of said weighted values represented on
the x axis. In FIG. 8e is presented weighted values of
balanced position 40 of amplitude/latency combinations in a
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trend plot, with time scale 12 on the x axis and weighted
values of balanced position 40 on the y axis. In the trend plot
42 each plot represents a weighted value of balanced posi-
tion 40 of amplitude and latency within a time sequence of
5 seconds. Thus, the trend plot shows the output of analysis
of each time sequence in a continuous series of time
sequences. Criteria may be selected for handling excluded
time sequences. Examples of trend plots 42 of weighted
values are further given in FIGS. 115 and 11d. A third
alternative of presenting single wave distribution is indi-
cated in FIG. 8f. A modification of a so-called pressure
volume curve may be computed for a large number of
individuals. Such a curve may depend on age. The inventor
has computed so-called pressure volume curves for adults by
means of so-called infusion tests, previously described in
U.S. patent application Ser. No. 09/843,702 and Interna-
tional Patent Application PCT/NO 02/00164. On the X-axis
is indicated change of volume 43. On the Y-axis is indicated
the balanced position 40 of amplitude and latency. During
so-called infusion tests a fixed volume is applied to the
intracranial compartment, for example with similar volume
changes each 5 seconds. During each 5 seconds the single
waves are monitored with computation of matrix 36. The
balanced position 40 may be computed, and expressed on
the Y-axis. The fixed volume change 43 is indicated on the
X-axis. The inventor has been able to compute such pressure
volume curves for a large number of patients. Thereby
reference curves have been computed, indicating both nor-
mal and abnormal curves. Such reference curves may be
shown on the display of the apparatus or on other monitor
systems. During real-time monitoring the balanced position
of'single wave combinations may be plotted in relation to the
modified pressure volume curve, for example each 5 sec-
onds. Thereby, real-time and online update of balanced
position for a single case may be computed real-time and
online and related to a reference curve. Thereby information
about compliance/elastance is obtained.

[0132] Reference is now given to FIG. 9 that shows two
different intracranial pressure recordings in one single case.
Pressures were recorded simultaneously (with identical time
reference) by means of one sensor placed within the brain
parenchyma (FIGS. 94-95) and one sensor placed epidurally
(FIGS. 9¢-9d). An epidural placement means that the sensor
is placed outside the dura mater actually mimicking non-
invasive pressure monitoring since the sensor is not placed
within the cavity in which pressure is measured. Both
pressures measured within brain parenchyma and epidurally
are relative to atmospheric pressure, and represent absolute
pressures. For both pressure curves (FIGS. 9a and 9c¢) are
presented the absolute pressures 17 on the y axis and the
time scale 12 on the x axis. Both the x axes show identical
time sequences, making a beat to beat comparison possible.
It should be noted that the absolute pressures differ for the
pressure curve 21 for parenchyma (FIG. 9a) and epidural
(FIG. 9c¢) pressures. For FIG. 9a mean intracranial pressure
for the whole recording period was 5.9 mmHg. For FIG. 9¢
mean intracranial pressure for the whole recording period
was 8.35 mmHg. In this context, the absolute mean pressure
values of 5.9 and 8.35 mmHg actually represent the mean of
all 5 second time intervals during the total recording period.
On the other hand, the distribution of single waves was
nearly identical between parenchyma and epidural measure-
ments, as indicated in the histogram located to the right for
each pressure curve (FIGS. 95 and 94). Whereas the pressure
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curves 21 show absolute pressures the histograms refer to
single waves defined by relative pressures. The amplitudes
of the single waves are computed as relative pressure
differences. In FIGS. 96 and 94 is shown the histogram
wherein all weighted values 40 of balanced positions of
amplitude and latency during said recording period is shown
on the x axis. On the y axis the percentage occurrence 39 is
indicated, which is how often a single wave with a certain
combination of latency/amplitude occurs in percentage of
the total number of single waves during the recording
period. Each balanced position of amplitude/latency com-
binations represented by a weight value is represented by
one bar 41 in the histogram. For example, the label on the
X-axis of 0.38/6.50 refers to single waves with a combina-
tion of latency of 0.38 seconds and amplitude of 6.50
mmHg. In this example the values 0.31]5.00, 0.38|6.50 and
0.14/8.50 refer to balanced position values. These values
might as well be referred to as index values when a weighted
matrix is used. The histograms presented in FIGS. 96 and 94
actually show weighted balanced position values 40 of all
time sequences 11 during the recording period illustrated in
FIGS. 9a and 9c¢. The bar corresponding to the
latency|amplitude combination of 0.38/6.50 indicates the
percentage by which single wave occurred as related to the
total numbers of single waves. For parenchyma (FIG. 9b)
and epidural (FIG. 94d) pressures, the single wave distribu-
tion is nearly identical. These pressure recordings illustrate
several important aspects of the invention: Absolute pres-
sures recorded by the conventional strategy and illustrated in
the pressure curves give no reliable description of the
pressures. Pressures within the brain parenchyma and the
epidural space as revealed by the pressure curves were
markedly different. Both the absolute pressures and the
morphology of the curve were different. Continuous pres-
sure recordings are most accurately described by the single
wave distribution. The histogram presentations of the single
wave distribution were nearly identical for pressure record-
ings within the brain parenchyma and the epidural space.
Therefore, single wave distribution may be equally pre-
sented whether or not the sensor is placed within the cavity
pressure is measured. Results such as these gave the idea to
compute single wave distribution in infants by monitoring
fontanel pressure non-invasively by applying a sensor on the
fontanel. When the results presented in FIGS. 9a-d are
presented in a differential plot as described in FIGS. 6a-c,
absolute mean pressure is compared time sequence for time
sequence. Also balanced position of amplitude and latency
is compared time sequence for time sequence, since both
pressure curves have identical time reference. Such a dif-
ferential plot of the results presented in FIGS. 9a-d showed
a marked difference in absolute mean pressures between
parenchymatous and epidural measurements. The differ-
ences in balanced positions of amplitude and latency
between time sequences with identical reference were mini-
mal.

[0133] Reference is now given to FIGS. 10a-d illustrating
how matrix and histogram presentations change before and
after intervention in one single case. With reference to the

first recording period, is presented the pressure curve 21
(FIG. 10a) and histogram (FIG. 105). The trend plot 21
(FIG. 10c¢) and histogram (FIG. 1d) for the second recording
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period also is presented. The matrix 36 corresponding to
FIGS. 10a and 105 is shown in Table V, and the matrix 36
corresponding to FIGS. 10c¢ and 104 in Table VI. An
explanation of the different amplitude 4 and latency 5 groups
presented in Tables V and VI are further given for Table I.
The numbers 37 within cells of matrix 36 presented in Table
I represent absolute numbers, whereas the numbers in Tables
V and VI refer to percentages. Before intervention, the
combination of amplitude 4 of 7.5 mmHg and latency 5 of
0.26 seconds occurred in 0.17% of the total numbers of
single waves. After intervention, the combination of ampli-
tude 4 of 7.5 mmHg and latency 5 of 0.26 seconds did not
occur. In this particular example, the matrixes 36 including
amplitudes 4 and latencies 5, were standardized to a record-
ing period and a heart rate. Non-standardized numbers may
as well be presented. The standardized recording period was
set to one hour. The actual heart rate was variable during the
recording period, but was standardized to a standardized
heart rate of 70 beats a minute. With reference to histograms
(FIG. 10¢, 10d), on the y axis is shown percentage of
occurrence 39 that is how often a single wave with a certain
latency|amplitude combination occurred in percentage of the
total number of single waves. On the x axis is shown the
different weighted latency|amplitude combinations 40. As an
example; in these histograms the label 0.14[8.50 on the x
axis refers to single waves with latency 5 of 0.14 seconds
and amplitude 4 of 8.50 mmHg. Accordingly, the bar 41
corresponding to the label 0.14[8.50 shows the percentage of
single waves with this combination occurring as percentage
of total number of single waves during a standardized
recording time of one hour and a standardized heart rate of
70 beats a minute. Before (FIGS. 10a, 105) and after (FIGS.
10c, 104) intervention, the matrixes (Tables V and VI) and
histograms showed a marked difference in single wave
distribution, with a change of the single wave distribution in
a more normal direction.

[0134] FIG. 10 also may serve as an example of distribu-
tion of balanced positions of amplitude and latency combi-
nations 39 for a whole recording period, wherein the total
distribution is presented in matrixes in Tables V and VI.
Thereby, balanced positions of amplitude/latency combina-
tions within individual time sequences for the total recording
period are presented as numbers in proportion 38 of the total
number. In this situation, the bars 41 shown in the histogram
refer to balanced positions of amplitude/latency combina-
tions during selected time sequences 11. The histograms in
FIGS. 106 and 104 illustrate how balanced position of
amplitude and latency changes from one pressure recording
to another. With reference to the matrix in Table V, balanced
position of latency/amplitude combinations of 0.24 sec-
onds|4 mmHg occurred in 5.02% in the matrix 36 presented
in Table V, whereas this combination did not occur in matrix
of Table VI. In this context, it should be noted that the
matrixes 36 usually are computed each time sequence 11
with determination of balanced position of amplitude/la-
tency combinations for each individual time sequence 11 in
a series of continuous time sequences. The matrixes 36
presented in Tables V and VI, on the other hand, show the
distribution of balanced positions of amplitude and latency
combinations for the whole recording period.
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TABLE V

19

Matrix of amplitude (dP) and latency (dT) combinations corresponding to continuous

pressure recordings presented in FIGS. 10a and 10b.

dp
dT 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5
0.1 0.02 0.05 021 0.13
0.11 0.09 0.05
0.12
0.13 0.01 0.02 0.04
0.14 0.01
0.15
0.16
0.17 0.03 034 0.05 0.02
0.18 0.01 033 0.19 0.04
0.19
0.2 0.01 026 0.65 0.9 0.11
0.21 0.14 071 1.51 058 021 012 0.02
0.22
0.23 041 155 45 393 259 101 039 017 004 0.01
0.24 037 193 383 595 502 332 192 113 0S5 0.29
0.25
0.26 0.18 1.78 422 7.59 975 705 336 195 1.03 0.52
0.27 0.03 035 1.08 232 3.66 281 136 088 032 0.2
0.28 0.04 0.03 0.06 026 04 047 03 0.2 0.06 0.03
0.29 0.01 0.01 0.01 0.01
0.3 0.01
0.31
0.32 0.01 0.01
0.33
0.34 0.01
dp
dT 7 7.5 8 8.5 9 9.5 10 105 11
0.1
0.11
0.12
0.13
0.14
0.15
0.16
0.17
0.18
0.19
0.2
0.21
0.22
0.23 0.04 0.03 0.03
024 023 013 0.8 0.13 006 0.01
0.25
0.26 023 017 0.11 007 006 009 0.05 003 0.02
027 0.1 0.05 0.01 0.02 0.01 0.01
0.28 0.04 0.01
0.29
0.3
0.31
0.32
0.33

0.34
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20
[0135]
TABLE VI
Matrix of amplitude (dP) and latency (dT) combinations corresponding to
continuous pressure recordings presented in FIGS. 10c and 10d.
dp
dr 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11
0.1 10.5 146 0.63
0.11 0.02 204 275 0.07
0.12
0.13 1.17 2.08 0.11
0.14 0.01 1.17 272 023
0.15
0.16 073 1.5 005
0.17 002 6.74 11.8 03 0.03
0.18 529 554 031
0.19
0.2 0.01 3.64 726 0.63 0.04
0.21 0.82 217 034 0.03 001
0.22
0.23 079 2.6 138 0.13 005
0.24 021 1 091 0.12 0.01
0.25
0.26 0.11 073 142 036 0.06
0.27 0.04 054 091 0.28 0.07 0.01
0.28 034 0.61 039 0.05 0.01 0.01
0.29 0.07 012 0.12 0.04 0.01
0.3 0.07 0.06 0.04 0.01
031
032 0.02 0.09 0.05 0.04
033 0.02 005 0.1 0.03
0.34 0.07 0.18
035 0.02 0.13
0.36 0.02 0.12
0.37 0.02

[0136] Reference is now given to FIG. 11. Two continuous
intracranial pressure curves 21 are shown in FIGS. 11a and
11c. On the y axis is the scale of absolute mean pressure 17
computed according to conventional technology (Method 1).
The time scale 12 is on the x axis. The trend curve 21
presents a continuous plot of mean pressures wherein mean
pressure is computed each time sequence (6 seconds dura-
tion in this case) in a continuous series of time sequences.
Mean pressures 21 are much higher in FIG. 11q than in FIG.
11c. Below the absolute pressure curves 21 (FIGS. 11a and
11c¢) is shown the corresponding trend plot 42 of balanced
position of amplitude and latency computed each 6 seconds.
The two-dimensional balanced position has been computed
as a one-dimensional value, as described for Table IV. By
applying the equation (no. 7) used to weight the matrix 36
presented in Table IV, each balanced position of amplitude
4 and latency 5 was expressed as a weight value. The
weighted value is given the term predicted mean pressure
40, shown on the y axis of FIGS. 1156 and 11d. The time
scales 12 are identical for FIGS. 11a and 115, and for 11c¢
and 11d. Thus, the trend plots 42 of weighted balanced
positions (predicted mean pressure) show balanced position
of amplitude 4 and latency 5 computed each time sequence
11 (6 seconds) that is expressed as a weighted values termed
predicted mean pressure 40. Each plot in said trend plot 42
represents the balanced position each time sequence 11 in a
continuous series of time sequences. The trend plots 42 of
weighted balanced positions are similar for FIGS. 115 and
11d. Thus, though absolute mean pressure curves 21 differed
markedly, weighted trend plots 42 of balanced position did

not differ. The trend plots 42 of weighted balanced position
in FIGS. 116 and 11d correspond to the trend plot 42
schematically presented in FIG. 8e. The histograms pre-
sented in FIGS. 9¢, 9d, 105, and 104 showing weighted
balanced position 40 on the x axis correspond to the histo-
gram presentation shown in FIG. 84. In both the trend plots
and histograms weighted values 40 of balanced position of
amplitude 4 and latency 5 are presented. These are examples
of presentations and are not intended to limit the scope of the
invention.

[0137] Reference is now given to FIG. 12. The present
invention uses the method for analysis of single pressure
waves 1 to provide a strategy for more optimal single
pressure wave detection, particularly when non-invasive
devices are used for pressure monitoring. A schematic
representation is provided in FIG. 12a. The invention may
be used in conjunction with various types of sensors 46
providing signals indicative of pressure. The sensor device
itself is not a part of the invention. It is well known from the
prior art that sensors 46 operate together with pressure
transducers 47. An excitation signal is applied from the
transducer 47 to the sensor 46, and the sensor 46 gives back
a new signal indicative of the pressure to the transducer 47.
The transducer 47 then processes the signal to another signal
that is more suitable for further signal processing. The
sensor device may as well incorporate a sensor-regulating
device 48 that regulates how the sensor 46 is applied to the
object wherein pressure is measured. In general terms, the
sensor device consists of a sensor 46, transducer 47 and
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sensor-regulating device 48. The pressure signals from the
pressure transducer 47 are further converted into pressure-
related digital data with a time reference, and analysed
according to the invention within the processing unit 49. The
method for analysis of single pressure waves provides an
output that gives a first control signal 50 to a regulator
device 52. Said regulator device may be a transducer that
converts the first control signal 50 from the processing unit
49 into another second control signal 51. The second control
signal 51 produced by the regulator 52 modifies the perfor-
mance of the sensor-regulating device 48. The sensor-
regulating device modifies the mode by which the sensor/
transducer is able to sample signals indicative of pressure.
Thereby, the inventive method for analysis of single pressure
waves is used to control and modify the sampling mode of
signals derivable from a pressure sensor device.

[0138] Though the sensor device itself is not a part of the
invention, nor a method by which such a sensor device is
used on an animal or human body cavity, some examples are
given to illustrate the concept, though this represents no
limitation of the scope of the invention. First, applanation
tonometry are widely used for non-invasive pressure mea-
surement. Pressure gradients exist across the walls of a
pressurised elastic sphere. When a pressure sensor is applied
to the surface of the flattened area, no pressure gradient
exists over the flattened portion. Pressure measurements can
be made when a constant pressure is applied to the flattened
area. Applanation tonometry may for example be used in
non-invasive blood pressure monitoring, monitoring of ocu-
lar pressure (i.e. pressure within the ocular bulb), and even
monitoring fontanel pressure in infants with an open fon-
tanel. The pressure sensor 46 consists of the pressure ele-
ment that is in contact with the skin or eye bulb. Signals
from the sensor 46 are converted within the pressure trans-
ducer 47. When pressures are measured using the principles
of applanation tonometry, it is well known that the pressure
pulsation’s detected by the tonometer depend on the pres-
sure by which the tonometer is applied to the measurement
surface. With increasing pressure from the tonometer, pres-
sure waves increase until the waves with highest amplitudes
are recorded. The pressure by which the applanation tonom-
etry is applied to the surface determines quality of signal
detection. Therefore, devices for applanation tonometry may
include a sensor-regulating device 48, which controls the
pressure by which the tonometer is applied to the surface.
Such a sensor-regulating device 48 may be an inflatable
balloon housed in a solid frame, under control of a pneu-
matic system. Such a sensor-regulating device 48 provides
the opportunity for controlled inflation of air into an air
chamber of the sensor. The pneumatic system is automatic
and controlled by a processing unit 49, in the way that the
air chamber pressure is automatically regulated to show the
best single pressure waves. Other sensors 46 apply Doppler
signals to detect pressure related signals. The signal detected
by the Doppler may be modified within the transducer 47. In
such a system the sensor-regulating device 48 incorporates
a system wherein Doppler signals are applied to/receive
from the object, including acquisitions of direction of signal
emission as well as the signal quantity and quality. The
emission and detection of Doppler signals heavily depend on
the angulations of the signal emitting source. In this situation
the sensor-regulating device 48 determines how Doppler
signal are applied to the object, including acquisitions of
signal direction and strength. When the sensor 46 and
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transducer 47 use acoustic signals the sensor-regulating
device 48 may as well control signal direction and signal
quantity and quality. Since the sensor device itself is not a
particular feature of the invention, a more detailed descrip-
tion is not given.

[0139] The procedure for controlling and changing the
sampling mode of signals derivable from a pressure sensor
device is further illustrated in FIGS. 126 and 12¢. The digital
signals are sampled and analysed during short time
sequences 11 (e.g. of 3 seconds duration) in a continuous
series of short time sequences 11. Said analysis of single
wave 1 related parameters within said time sequences 11 is
performed by a processing unit 49. For each time sequence
11 a number of single pressure wave 1 related parameters are
computed, as already described in more detail. One or more
of the following parameters are included:

[0140] (1) absolute mean pressure for each identified
single pressure wave 1[wavelength 7 (P_; -P . )] within
said time sequence 11;

min)

[0141] (2) mean of mean pressure for all identified single
pressure waves 1[wavelength 7 (P,;,-P,..,)] within said
time sequence 11;

[0142] (3) standard deviation of absolute mean pressure
for all identified single pressure waves 1[wavelength 7

(PinPri)] within said time sequence 11;

[0143] (4) numbers of single pressure waves 1 during said
time sequence 11;

[0144] (5) single pressure wave derived heart rate 16
during said time sequence 11;

[0145] (6) relative pressure amplitude (AP) 4 value for
each identified single pressure wave 1[wavelength 7

(Poin-Pmin)] within said time sequence 11;

[0146] (7) standard deviation of relative pressure ampli-
tude (AP) 4 values for all identified single pressure waves
1[wavelength 7 (P,,;,-P,.i,)] Within said time sequence
11;

min”

[0147] () relative latency (AT) 5 value for each identified
single pressure wave 1[wavelength 7 (P, -P . )] within
said time sequence 11;

min

[0148] (9) standard deviation of relative latency (AT) 5
values for all identified single pressure waves 1[wave-
length 7 (P;,-P..;,)] within said time sequence 11;

[0149] (10) rise time (AP/AT) coeflicient 6 for each iden-

tified single pressure wave 1[wavelength 7 (P, -Poin)]
within said time sequence 11;

[0150] (11) standard deviation of rise time (AP/AT) coef-
ficient 6 for all identified single pressure waves 1[wave-
length 7 (P_,;,-P..;,)] within said time sequence 11;

[0151] (12) relative latency (AT) 5 value for each identi-
fied single pressure wave 1[wavelength 7 (P, ;.-P..:i)]
within said time sequence 11;

[0152] (13) balanced position within said first matrix 36
for combinations of single pressure wave amplitude (AP)
4 and latency (AT) 5 values within said time sequence 11;
and
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[0153] (14) balanced position within said second matrix
36 for combinations of single pressure wave rise-time
(AP/AT) 6 coeflicients within said time sequence 11.

[0154] FIG. 125 illustrates seven time sequences 11 (1%,
ond 3rd gth 5th 6t and 7“‘) where single pressure wave 1
detection is modified. Single pressure wave 1 detection is
most optimal during the 3™ and 4™ time sequences wherein
the amplitudes 4 are most evident. For each time sequence
11 said analysis procedure is applied to all single pressure
waves 1. Selected criteria are applied to the analysis output,
and would reveal most optimal single wave detection for the
3" and 4™ time sequences 11 in this example.

[0155] The output of said analysis within the processing
unit 49 establishes or amends a first control signal 50 that is
applied to a regulator 52. The mode of the first control signal
50 is determined by the output of said single pressure wave
related analysis. Between each new time sequence, a first
control signal 50 may be determined, depending on criteria
applied to the analysis results. The first control signal 50 is
converted within a regulator 52. The regulator 52 may be
considered as a transducer converting the first control signal
50 into another second control signal 51. The regulator 52
deliverable second control signal 51 may depend on the type
of sensor-regulating device 48 incorporated in the sensor
device. Therefore, the deliverable second control signal 51
may modify a sensor-regulating device 48 in a wide sense.
An example is given with reference to applanation tonom-
etry wherein a pneumatic system controls the pressure by
which the sensor 46 is applied to the surface. The second
control signal 51 delivered from the regulator 52 may
determine the pressure level within the pneumatic system,
which determines the pressure by which the tonometer is
applied to the surface. This example is further illustrated in
FIG. 12¢. In this situation, the control signal level 53
determines the pressure level within a pneumatic system.
The pressure level 54 is increased for each new of the first
three time sequence 11 (1°*, 2", and 3™ time sequence). As
indicated in FIG. 124, single pressure wave 1 detection is
improved for each new of said time sequences 11. The
control signal level 53 and accordingly the pressure level 54
is kept constant between the 3™ and 4™ time sequences 11
(FIG. 12¢) wherein single waves 1 remain more or less
unchanged. The control signal level 53 and accompanying
pressure level 54 is reduced during the subsequent 5%, 6",
and 7™ time sequences 11, wherein also single wave 1
detection is reduced. The second control signal 51 produced
by the regulator 52 may as well control a sensor regulating
device 48 using Doppler signals. In this situation the second
control signal 51 may control the angulations and signal
quality and quantity of the sensor-regulating device 48 using
Doppler signals. Furthermore, when a sensor device utilizes
acoustic signals, the second control signal 51 may control
the sensor regulating device 48 determining the quality and
quantity of acoustic signals applied to the surface wherein
pressures are measured.

[0156] The results of said single pressure wave 1 analysis
are compared for different time sequences 11. Changes in a
first control signal 50 and subsequent in another second
control signal 51 both produce modifications of the sensor-
regulating device 48. The deliverable control signals corre-
sponding to analysis output wherein single pressure wave
parameters meet one or more selectable criteria would be
used during subsequent pressure monitoring. The selectable
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criteria correspond to the control signal wherein the most
optimum single pressure wave detection is obtained.

[0157] It is not within the scope of the invention to limit
the strategy by which the process is performed. The system
provides feedback interaction between the processing unit
49 performing said analysis, the deliverable first control
signal 50 to the regulator 52 controlling and changing the
deliverable second control signal 51 applied to the sensor-
regulating device 48. It is described one example of the
interactive operation of the regulator 52 and processing unit
49 related to the description shown in FIGS. 1256 and 12c,
though this represents no limitation of the scope of the
invention. During a given time period of for example 30
seconds, the regulator 52 delivers a total of ten different
second control signals 51, each separated by 3 seconds.
During the period of 30 minutes, ten modifications of the
sensor-regulating device 48 are made between each of said
3 second intervals. During the ten time sequences 11 (each
lasting 3 seconds), single pressure waves are analyzed
within the processing unit 49. For each of said time
sequences 11 the output of the analysis within the processing
unit 49 determines a first control signal 50 that corresponds
to the second control signal 51 from the regulator 52.
Accordingly, each time sequence 11 corresponds to a second
control signal 51 from said regulator 52 that corresponds to
an output of single pressure wave 1 analysis within said
processing unit 49 that further corresponds to a first control
signal 50 to the regulator 52. These corresponding values are
determined for each individual of the ten time sequences 11
during said recording period of 30 minutes. During the
subsequent pressure monitoring, the processing unit 49
provides the first control signal 50 that corresponds to
optimum single pressure wave 1 detection. This first control
signal 50 from the processing unit 49 to the regulator 52
gives another second control signal 51 to the sensor-regu-
lating device 48, further enabling the sensor-regulating
device 48 for optimum single pressure wave 1 detection. The
procedure of determining the most optimum control signal
(here exemplified as lasting 30 minutes) may be reiterated at
selected intervals during an ongoing pressure measurement.
Various modifications of this process are possible. For
example, during an ongoing pressure monitoring the pro-
cessing unit 49 may automatically determine the second
control signal 51 from the regulator 48, wherein single
pressure wave 1 detection is most optimum.

1. A method for analysing pressure-signals derivable from
pressure measurements on or in a body of a human being or
animal, comprising the steps of sampling said signals at
specific intervals and converting the pressure-signals into
pressure related digital data with a time reference,

wherein for selectable time sequences the method further
comprises the steps of

a) identifying from said digital data single pressure waves
related to cardiac beat-induced pressure waves,

b) computing time sequence parameters of said single
pressure waves during individual of said time
sequence,

c¢) establishing an analysis output selected from one or
more of said time sequence parameters of said single
pressure waves during individual of said time
sequences:
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cl)—absolute mean pressure for each identified single
pressure wave (wavelength P, -P_. ) within said time
sequence,

c2)—mean of mean pressure for all identified single
pressure waves (wavelength P_ . -P_. ) within said
time sequence,

n

c3)—standard deviation of absolute mean pressure for all
identified single pressure waves (wavelength P_, -
P..in) within said time sequence,

c4)—number of single pressure waves during said time
sequence,

c5)—single pressure wave derived heart rate during said
time sequence,

c6)—relative pressure amplitude (AP) value for each
identified single pressure wave (wavelength P_ . -P,.)
within said time sequence,

c¢7)—standard deviation of relative pressure amplitude
(AP) values for all identified single pressure waves
(wavelength P_; -P . ) within said time sequence,

c8)—relative latency (AT) value for each identified single
pressure wave (wavelength P, -P_. ) within said time
sequence,

n

c9)—standard deviation of relative latency (AT) values
for all identified single pressure waves (wavelength
P_..-P...,) within said time sequence,

min

cl0)—rise time (AP/AT) coeflicient for each identified
single pressure wave (wavelength P _. -P_ .} within
said time sequence,

cl11)—standard deviation of rise time (AP/AT) coeflicients
for all identified single pressure waves (wavelength
P in-P i) Within said time sequence,

cl2)—balanced position within a first matrix for combi-
nations of single pressure wave amplitude (AP) and
latency (AT) values within said time sequence,

c13)—balanced position within a second matrix for com-
binations of single pressure wave rise-time (AP/AT)
coeflicient values within said time sequence,

d) establishing a deliverable first control signal related to
an analysis output in step c) for a selectable number of
said time sequence windows, said first control signal
being determined according to one or more selectable
criteria for said analysis output, and

e) modifying said deliverable first control signal into a
regulator deliverable second control signal said second
control signal corresponding to said first deliverable
control signal, and

1) to provide a performance modifying signal.

2. A method according to claim 1, wherein each of said
selectable time sequences is a selected time duration of said
pressure-related digital data with a time reference.

3. A method according to claim 1, wherein said selected
time duration lies in the range 3-15 seconds.

4. A method according to anyone of claim 1, wherein the
method is applied to each of said selectable time sequences
in a continuous series of said time sequences during a
recording.
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5. A method according to claim 1, wherein said identify-
ing step a) includes identification of peaks and valleys in
said sampled signal.

6. A method according to claim 1, wherein all minimum
and maximum values are identified and represented with an
amplitude value and a location value or time stamp.

7. A method according to claim 1, wherein said identify-
ing step a) includes identification of included pair combi-
nations of peaks and valleys in said signal.

8. A method according to claim 2, wherein said identify-
ing step a) includes identification of included pair combi-
nations of valleys and peaks in said signal, corresponding to
included pair combinations of diastolic minimum pressure
(P,.;,) and systolic maximum pressure (P, ), characterizing
single pressure waves created by the cardiac beat-induced
pressure waves.

9. A method according to claim 1, wherein said identify-
ing step a) excludes for further analysis pressure waves
during said time sequences with single pressure wave
parameters outside selected criteria for thresholds and
ranges of said parameters, said parameters selected from the
group of:

starting diastolic minimum pressure defining the start of
the single pressure wave (P, ;.),

ending diastolic minimum pressure defining the end of the
single pressure wave (P

rnin)s

systolic maximum pressure of the single pressure wave
(Phax), amplitude of the single pressure wave (AP),

latency of the single pressure wave (AT),
rise time coeflicient of the single pressure wave (AP/AT),
wave duration of the single pressure wave, and

absolute mean pressure of said single pressure wave.

10. A method according to claim 1, wherein said identi-
fying step a) includes for further analysis single pressure
waves having single pressure wave parameters within
selected criteria for thresholds and ranges of said single
pressure wave parameters.

11. A method according to claim 1, wherein said identi-
fying step a) excludes for further analysis time sequences
with time sequence parameters outside selected criteria for
thresholds and ranges of said parameters, said parameters
selected from the group of:

number of single waves (Ngy ),
single pressure wave derived heart rate,
absolute mean pressure,

standard deviation for mean pressure of mean pressure for
the individual single waves,

standard deviation for diastolic minimum (P

min)a

standard deviation for systolic maximum (P

max)’

standard deviation for amplitude (AP) of all individual
single pressure waves,

standard deviation for latency (AT) of all individual single
pressure waves,

standard deviation for rise time coeflicient (AP/AT) of all
individual single pressure waves,
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balanced position of amplitude (AP)/latency (AT) combi-
nations,

balanced position of rise time coeflicients (AP/AT).

12. A method according to claim 1, wherein said identi-
fying step a) includes for further analysis time sequences
having time sequence parameters within selected criteria for
thresholds and ranges of said time sequence parameters.

13. Amethod according to 1, wherein said identifying step
a) is applied to each consecutive time sequence in a con-
tinuous series of time sequences of a signal.

14. A method according to claim 1, wherein said identi-
fying step a) further includes selecting single pressure waves
which occur between two consecutive ones of said time
sequences and placing such waves in one or the other of said
two consecutive individual time sequences according to
selected criteria.

15. A method according to claim 14, wherein said selected
criteria define that a first one of said single pressure waves
within said individual time sequence has its ending diastolic
minimum pressure value (P, ) within said individual time
sequence.

16. A method according to claim 15, wherein said selected
criteria define that a last one of said single pressure waves
within said individual time sequence has both its starting
(P..;n) and ending (P, ;,) diastolic minimum pressure values
within said individual time sequence window.

17. A method according to claim 1, wherein said com-
puting step b) for accepted time sequences further includes
determining said time sequence parameters, said parameters
selected from the group of:

number of single waves (Ngy ),
single pressure wave derived heart rate,
absolute mean pressure,

standard deviation for mean pressure of mean pressure for
the individual single waves,

standard deviation for diastolic minimum (P,

min)s

standard deviation for systolic maximum (P,

rnax)a

standard deviation for amplitude (AP) of all individual
single pressure waves,

standard deviation for latency (AT) of all individual single
pressure waves,

standard deviation for rise time coeflicient (AP/AT) of all
individual single pressure waves,

balanced position of amplitude (AP)/latency (AT) combi-
nations,

balanced position of rise time coefficients (AP/AT).

18. A method according to claim 1, wherein said estab-
lishing step ¢) includes determining balanced position of
amplitude (AP)/latency (AT) combinations, said determining
comprising the steps of creating a first matrix based on
determining number of single pressure waves with pre-
selected values related to amplitude (AP) and latency (AT),
one axis of said first matrix being related to an array of
pre-selected values of pressure amplitude (AP) and the other
axis of said first matrix being related to an array of pre-
selected values of latencies (AT), and indicating for each
matrix cell at respective intersections in said first matrix a
number of occurrences of matches between a specific pres-
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sure amplitude (AP) and a specific latency (AT) related to
successive measurements of single pressure waves over said
individual time sequences.

19. A method according to claim 18, wherein the single
pressure wave parameters of amplitude (AP) and latency
(AT) are categorized into groups, said groups reflecting
ranges of said single wave parameter values.

20. A method according to claim 18, wherein the occur-
rence of matches in said first matrix is indicated through
actual number of matches during individual of said time
sequence windows.

21. A method according to claim 18, comprising the
further step of computing balanced position for a number of
occurrences of said single pressure wave parameters of
amplitude (AP) and latency (AT) values during individual of
said time sequences in said first matrix.

22. A method according to claim 21, wherein said bal-
anced position of said first matrix of numbers of amplitude
(AP) and latency (AT) combinations corresponds to mean
frequency distribution of the different occurrences of ampli-
tude (AP) and latency (AT) during said individual time
sequences.

23. A method according to claim 1, wherein said estab-
lishing step ¢) includes determining balanced position of rise
time coefficients (AP/AT), said determining comprising the
steps of creating a second matrix based on determining
number of single pressure waves with pre-selected values
related to rise time coefficient (AP/AT), the axis in said
second matrix being related to an array of pre-selected
values of rise time coeflicient (AP/AT), and wherein for each
matrix cell in said second matrix indicating a number of
occurrences of pre-selected rise time coeflicients (AP/AT)
related to successive measurements of single pressure waves
during said individual time sequences.

24. A method according to claim 23, wherein the single
pressure wave parameter rise time coeflicient (AP/AT) is
categorized into groups, said groups reflecting ranges of said
single wave (AP/AT) parameter values.

25. A method according to claim 23, comprising the
further step of computing balanced position for a number of
occurrences of said single pressure wave parameter rise time
coefficient (AP/AT) in said second matrix, to yield an
analysis output.

26. A method according to claim 25, wherein said bal-
anced position of said second matrix of numbers of rise time
coefficient (AP/AT) combinations corresponds to the mean
frequency distribution of rise time coeflicient (AP/AT) of
said time sequence.

27. A method according to claim 1, wherein said estab-
lishing step c) yields analysis output related to the parameter
¢2) mean of mean pressure for said single pressure waves of
said time sequence, corresponding to the sum of mean
pressure values for all individual single pressure waves
during said time sequence divided by number of said indi-
vidual single pressure waves during said individual time
sequence.

28. A method according to claim 1, wherein the parameter
cl) absolute mean pressure for an individual of said single
pressure waves is the sum of sample values during the time
of a wave duration, i.e. from starting diastolic minimum
pressure (P_; ) to ending diastolic minimum pressure (P,;)
divided by number of samples.

29. A method according to claim 11, wherein said estab-
lishing step c¢) yields output of analysis of one or more of
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parameters cl)-c13) during each individual of said time
sequence windows in a continuous series of said time
sequence windows of said pressure-related signal.

30. A method according to claim 1, wherein the duration
of each selectable time sequence window lies in a time range
of 3-15 seconds.

31. A method according to claim 1, wherein said estab-
lishing step c) relates to obtaining an analysis output based
on said time sequence parameters for a selectable number of
said individual time sequence windows.

32. A method according to claim 1, wherein said analysis
output is a mean value of balanced position of amplitude
(AP)/1atency (AT) combinations for a selectable number of
said individual time sequence windows.

33. A method according to claim 1, wherein said analysis
output is a mean value of balanced position of rise-time
(AP/AT) coeflicient values for a selectable number of said
individual time sequence windows.

34. A method according to claim 1 wherein said analysis
is performed by a processing unit, said processing unit
delivering a first control signal to a regulator, said first
control signal being determined according to selectable
criteria for output of said analysis.

35. A method according to claim 1, wherein output of said
analysis of single pressure wave related digital data for a
given time sequence yields modification of said deliverable
first control signal

36. A method according to claim 1, wherein features of
said first control signal are selectable when output of said
single pressure wave analysis derivable from a subsequent
pressure monitoring meet specific criteria.

37. A method according to claim 1, wherein said selected
criteria of single pressure wave related parameters relate to
criteria for optimum single pressure wave detection.

38. A method according to claim 1, wherein said select-
able first control signal is determined during each individual
time sequence in a continuous series of time sequences,
according to output of said single pressure wave analysis for
each time sequence in said continuous series of time
sequences.

39. A method according to claim 1, wherein said first
control signal is converted within a regulator to a deliverable
second control signal, said selectable second control signal
corresponding to said selectable first control signal.

40. A method according to claim 39, wherein said regu-
lator deliverable second control signal provides a perfor-
mance modifying signal, said performance modifying signal
causing modifications in the performance of a sensor-regu-
lating device.

41. A method according to claim 40, wherein said sensor-
regulating device is adjustable according to a regulator
deliverable second control signal.

42. A method according to claim 40, wherein said sensor-
regulating device modifies the mode by which the sensor is
able to sample signals indicative of pressure.

43. A method according to claim 1, wherein there is
feedback between a processing unit performing single pres-
sure wave analysis controlling a deliverable first control
signal to a regulator, and a regulator controlling a deliverable
second control signal to a sensor-regulating device, said
feedback signal being restorable at selected intervals during
an ongoing pressure measurement.
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44. A method according to claim 43, wherein output of
said single pressure wave analysis for a given time sequence
is related to said second deliverable control signal.

45. A method according to claims 44, wherein output of
said single pressure wave analysis is determined for each
individual time sequence during a series of continuous time
sequences, wherein said second control signal is modified to
another level between each of said individual time
sequences, and the level of said second control signal is
related to said analysis output for each of said time
sequences.

46. A method according to claims 44, wherein said first
control signal is determined according to said second control
signal, or said second control signal is determined according
to said first control signal.

47. A method according to claim 1, wherein the deliver-
able first and second control signals relate to output of said
single pressure wave analysis indicative of optimum single
pressure wave detection, said first and second control signals
being used during the subsequent pressure monitoring.

48. A method according to claim 1, wherein said human
or animal body pressure is one or more of intracranial
pressure, arterial blood pressure, cerebrospinal fluid pres-
sure, cerebral perfusion pressure, ocular pressure, gas-
trointestinal pressure, urinary tract pressure, or any type of
soft tissue pressure.

49. A system for analysing pressure-signals derivable
from pressure measurements on or in a body of a human
being or animal, said system comprising:

a) control means which on basis of said pressure signals
receivable from a pressure sensor via pressure trans-
ducer means is configured to control performance of a
pressure sensor regulating device to optimize single
pressure wave detection,

b) a processing unit having means for analyzing said
pressure signals, said processing unit including sam-
pling means for sampling said pressure signals at
specific intervals,

¢) converter means for converting the sampled pressure
signals into pressure related digital data with a time
reference,

d) identifying means operative during selectable time
sequences to identify from said digital data single
pressure waves related to one of: cardiac beat-induced
pressure waves, artifacts, and a combination of cardiac
beat-induced waves and artifacts,

e) analyzing means for analysis of said digital data single
pressure waves during said selectable time sequences,

f) output means configured to output to a regulator device
one or more first control signals derivable from one or
more time sequence parameters related to a selectable
number of time sequences elected from the group of:

f1) absolute mean pressure for each identified single
pressure wave (wavelength P_, -P_. ) within said
time sequence,

f2) mean of mean pressure for all identified single
pressure waves (wavelength P, -P .Y within said
time sequence,

n
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3) standard deviation of absolute mean pressure for all
identified single pressure waves (wavelength P, -
P,.;,) within said time sequence,

f4) number of single pressure waves during said time
sequence,

f5) single pressure wave derived heart rate during said
time sequence,

f6) relative pressure amplitude (AP) value for each
identified single pressure wave (wavelength P, -
P_ ;) within said time sequence,

f7) standard deviation of relative pressure amplitude
(AP) values for all identified single pressure waves
(wavelength P_; -P_ . ) within said time sequence,

18) relative latency (AT) value for each identified single
pressure wave (wavelength P_; -P_.) within said
time sequence,

19) standard deviation of relative latency (AT) values
for all identified single pressure waves (wavelength
P oin-Pmin) Within said time sequence,

min

f10) rise time (AP/AT) coeflicient for each identified
single pressure wave (wavelength P_; -P_. ) within
said time sequence,

f11) standard deviation of rise time (AP/AT) coefli-
cients for all identified single pressure waves (wave-
length P_. -P_. ) within said time sequence,

n

f12) balanced position within a first matrix for combi-

nations of single pressure wave amplitude (AP) and
latency (AT) values within said time sequence, and

f13) balanced position within a second matrix for
combinations of single pressure wave rise-time (AP/
AT) coeflicient values within said time sequence, and

g) regulator means connectable to said processing unit for
receiving at least one of said first control signals, said
regulator means being capable of establishing a device
performance modifying second control signal by means
of at least one of said first control signals or establish-
ing a combination effect obtained from using at least
two of said first control signals, wherein said perfor-
mance modifying second control signal deliverable
from said regulator means being capable of controlling
said sensor regulating device.

50. A system according to claim 49, wherein said sensor
provides for sensing pressure signals related to arterial blood
pressure.

51. A system according to claim 49, wherein said sensor
provides for sensing pressure signals related to ocular bulb
pressure.

52. A system according to claim 49, wherein said sensor
provides for sensing pressure signals related to intracranial
pressure.

53. A system according to claim 49, wherein said pres-
sure-signals are arterial applanation pressure signals, being
transformable into pressure signals indicative of arterial
blood pressure signals.

54. A system according to claim 49, wherein said pressure
signals are ocular applanation pressure signals, being trans-
formable into pressure signals indicative of ocular bulb
pressure signals.
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55. A system according to claim 49, wherein said pres-
sure-signals are fontanel applanation pressure signals, being
transformable into pressure signals indicative of intracranial
pressure signals.

56. A system according to claim 49, wherein said pressure
signals are Doppler signals, being transformable into pres-
sure signals.

57. A system according to claim 49, wherein said pressure
signals are acoustic signals, being transformable into pres-
sure signals.

58. A system according to claim 49, wherein said select-
able time sequences are selected time durations of said
pressure-related digital data with a time reference.

59. A system according to claim 58, wherein said selected
time duration lies in the range 3-15 seconds.

60. A system according to claim 49, wherein said analysis
is performed by a processing unit, said processing unit
delivering a first control signal to a regulator, said first
control signal being determined according to selectable
criteria for output of said analysis.

61. A system according to claim 49, wherein output of
said analysis of single pressure wave related digital data for
a given time sequence yields modification of said deliver-
able first control signal.

62. A system according to claim 49, wherein features of
said first control signal are selectable when output of said
single pressure wave analysis derivable from a subsequent
pressure monitoring meet specific criteria.

63. A system according to claim 49, wherein said selected
criteria of time sequence parameters relate to criteria for
optimum single pressure wave detection.

64. A system according to claim 49, wherein said select-
able first control signal is determined during each individual
time sequence in a continuous series of time sequences,
according to output of said single pressure wave analysis for
each time sequence in said continuous series of time
sequences.

65. A system according to claim 49, wherein said regu-
lator means is configured to convert said first control signal
into a deliverable second control signal, said selectable
second control signal corresponding to said selectable first
control signal.

66. A system according to claim 49, wherein said second
control signal delivered by said regulator constitutes a
performance modifying signal, said performance modifying
signal being an input to a sensor-regulating device to cause
modifications of performance thereof.

67. A system according to claim 49, wherein said sensor-
regulating device is adjustable according to a regulator
deliverable second control signal.

68. A system according to claim 49, wherein said sensor-
regulating device is operable to modify a mode by which the
sensor is able to sample signals indicative of pressure.

69. A system according to claim 49, wherein said pro-
cessing unit is operable to perform single pressure wave
analysis in order to control a first control signal which is
deliverable to a regulator, said regulator operable to control
a second control signal which is deliverable to a sensor-
regulating device, and wherein a feedback signal is provided
between said processing unit said regulator, said feedback
signal being restorable at selected intervals during an ongo-
ing pressure measurement.



US 2007/0276204 Al

70. A system according to claim 49, wherein output of
said single pressure wave analysis for a given time sequence
is related to said second deliverable control signal.

71. A system according to claims 49, wherein determining
means are provided to determine an output of said single
pressure wave analysis for each individual time sequence
during a series of continuous time sequences, and wherein
modifying means are operative to modify said second con-
trol signal into another level between each of said individual
time sequences, said level of said second control signal
being related to said analysis output for each of said time
sequences.

72. A system according to claims 49, wherein said first
control signal is a function of said second control signal, or
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said second control signal is a function of said first control
signal.

73. A system according to claim 49, wherein the deliver-
able first and second control signals relate to output of said
single pressure wave analysis which is indicative of opti-
mum single pressure wave detection, said first and second
control signals being for use during the subsequent pressure
monitoring.

74. A system according to claim 49, wherein said human
or animal body pressure is selected from one or more of:
intracranial pressure, arterial blood pressure, cerebrospinal
fluid pressure, cerebral perfusion pressure, ocular pressure,
gastrointestinal pressure, urinary tract pressure, any type of
soft tissue pressure.
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