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sequence of tones, the tone(s) being representative of a
respective type of blood pressure measurement. The earcon
may also include one or more static or dynamic beacons.
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METHOD AND APPARATUS FOR
PHYSIOLOGICAL MONITORING

FIELD OF THE INVENTION

[0001] This invention relates to a method and apparatus for
monitoring blood pressure. In particular, but not exclusively,
it relates to an improved method and apparatus for auditory
display of blood pressure readings during anaesthesia and
intensive care to enable blood pressure to be monitored
aurally.

BACKGROUND OF THE INVENTION

[0002] Mere reference to background art herein should not
be construed as an admission that such art constitutes com-
mon general knowledge or admissible prior art in relation to
this application.

[0003] Blood pressure is a fundamental cardiovascular
parameter that represents the force that drives perfusion of the
body and in part reflects the workload of the heart [1]. There
are difficulties in obtaining a meaningful reading of blood
pressures; first, different techniques produce significantly
different readings and second, blood pressure can change
significantly due to environmental or emotional changes. To
better utilise blood pressure information to interpret patient
events, clinicians require blood pressure trend information
preferably combined with other relevant physiological mea-
sures of the patient such as capnography. At present, blood
pressure trend information is either gathered by invasive mea-
sures that provide continuous information or through non-
invasive measurements of blood pressure (NIBP) that provide
intermittent information.

[0004] Interpreting the different measurements of blood
pressure in relation to other physiological parameters can be
difficult due to the low rate of sampling of the visually dis-
played information by the clinicians. This is especially prob-
lematic when using automatic NIBP, as the time elapsed since
the last measurement might be unknown, and it is not imme-
diately apparent whether a loss of information is due to failure
within the machine or the patient [1].

[0005] Blood pressure is normally represented using
numerical and graphical visual displays, and abnormal states
may be indicated with auditory alarms. There are a range of
proposed displays that integrate data, including blood pres-
sure, graphically in a way that shows higher order properties
of the anesthetized patient’s state [2]-[4]. These displays are
dependent upon the clinician’s ability to attend to the visual
display, which is not always possible [5]. Further, these dis-
plays do not convey blood pressure in the auditory modality
nor do they distinguish between intermittent and continuous
measurements of physiological parameters. There is strong
evidence showing that auditory alarms are not particularly
effective at directing clinicians’ attention to visual displays
[5]-[7]; therefore, even if the proposed visual displays are of
benefit in providing integrated data, it is likely that people in
care-providing environment are likely to miss some impor-
tant information on the visual displays.

[0006] Other approaches have attempted to sonify blood
pressure as part of a multi-parameter continuous auditory
display [8]. These sonifications have at least four problems.
First, the blood pressure information may not be continuously
measured and therefore the inclusion of such a parameter may
be misleading as the blood pressure may have changed since
the last value was measured. This is potentially very danger-
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ous since clinicians’ diagnoses may be made on the basis of
incorrect information [5]. Second, the blood pressure infor-
mation has to be separated out from the sonification by focus-
ing on one or more sound dimensions. Third, no historical
information is included in the sonification. Fourth, the soni-
fication has not been designed to support integration across
the visual and auditory modalities.

[0007] U.S. Pat. No. 6,947,780 discloses method and appa-
ratus for sonification of physiological data, and in particular
blood oximeter readings. An audio signal is generated at each
pulse, dependent upon the measured oximeter reading. If the
measurement corresponds to one of a plurality of pre-deter-
mined transition points in a range, a tone of a respective
frequency is generated. For readings which fall between a pair
of the transition points, a dual tone signal is generated. The
dual tone signal comprises two frequencies, each of which
has its amplitude modified by a respective factor which
depends upon the proximity of the reading to the pair of
transition points. Although no evaluation data is presented for
this system of sonification, it seems likely that clinicians
would find it difficult to distinguish between tones of closely
spaced frequencies and between different amplitudes, par-
ticularly at typical pulse rates.

[0008] International patent application WO 03/017838 dis-
closes sonification of respiratory behaviour. That method
uses tones of different pitch to represent different levels of
measured respiratory parameters, e.g. respiratory flow and
carbon dioxide concentrations. A clinician or other user must
distinguish aurally between parameter values on the basis of
pitch alone.

[0009] It is an aim of the present invention to provide an
improved method and apparatus for monitoring blood pres-
sure, which overcome or alleviate one or more of the limita-
tions and disadvantages of prior art blood pressure monitor-
ing systems, particularly during anaesthesia and intensive
care, or which at least provide the public with a useful choice.

STATEMENT OF THE INVENTION

[0010] In one broad form, the invention provides a method
of representing or displaying blood pressure of a subject
aurally, comprising the steps of

[0011] receiving a signal representative of blood pressure
information, and

[0012] synthesising an audio output from the signal,
[0013] wherein the duration and pitch of the synthesised
audio output are dependent on the blood pressure informa-
tion.

[0014] In another broad form, the invention provides an
apparatus for representing or displaying blood pressure of a
subject aurally, comprising

[0015] an audio synthesizer adapted to receive a signal
representative of blood pressure information and to synthe-
size an audio output from the signal,

[0016] wherein the duration and pitch of synthesized audio
output are dependent on the value of the blood pressure infor-
mation.

[0017] The blood pressure information typically includes
at least one of arterial or pulmonary arterial systolic, diastolic
and mean blood pressure measurements, obtained by invasive
or non-invasive means. This information, if not already in
digital form, is suitably converted to digital form by a signal
processor connected to the input of the audio synthesizer.
[0018] The audio output preferably includes an earcon
comprising a tone or sequence of tones, the tone(s) being
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representative of a respective type of blood pressure measure-
ment. For example, systolic and diastolic blood pressure read-
ings may be sonified as two separate tones in the earcon.

[0019] Inuse,changesinthe systolic, diastolic and/or mean
blood pressure of the subject are represented and monitored
aurally as changes in the synthesized audio output, typically
heard through a loudspeaker, headphone or earpiece.

[0020] Auditory assessment of the blood pressure informa-
tion is facilitated by using both the duration and the pitch of
the synthesised audio output as aural indicators of the blood
pressure information. The term ‘pitch’is intended to mean the
frequency, or primary frequency, of the relevant tone in the
audio output.

[0021] Both current and historical blood pressure readings
may be included in an earcon, to facilitate the detection of
changes in blood pressure. For example, the earcon may
comprise a first note representing the previous blood pressure
reading, followed by a second note representing the current
blood pressure reading.

[0022] Preferably, the earcon includes a beacon, i.e. a note
representing a predetermined value of the measured param-
eter. For example, the earcon may comprise a first note (i.e.
the beacon) representing the average, normal or desired blood
pressure, followed by a second note representing the current
blood pressure reading. This facilitates a ready aural compari-
son of current blood pressure with an average or desired
reading.

[0023] Any suitable combination of single or double bea-
cons, and current and/or historical readings of systolic, dias-
tolic and/or mean blood pressure, may be included in the
earcons. An auditory prompt may also be given prior to each
earcon to warn of the imminent auditory signal.

[0024] Where the earcon includes a plurality of tones, they
may be distinguished by adding harmonics to the primary
frequencies of the tones. This provides timbre to the sound,
although the fundamental or primary frequency remains the
same.

[0025] A linear or non-linear scale may be used to calculate
the duration and pitch of synthesized audio output from the
blood pressure information signal. In a preferred embodi-
ment, a stepped scale is used. The value of the signal is
mapped to a nine step scale, and represented by a correspond-
ing one of a series of nine notes of progressively increasing
pitch. Similarly, the duration of the synthesized audio output
is one of a possible three discrete periods of progressively
increasing length, the particular duration being dependent
upon the mapping of the signal to a nine part scale. Thus, a
low blood pressure value would be represented by a short low
note, while a high blood pressure value would be represented
by a long high-pitched note. However, other suitable forms of
scaling may be used.

[0026] Preferably, the apparatus also includes a user inter-
face which typically has a volume control to adjust the overall
volume of the auditory output, a selection control to select the
type of blood pressure represented, a selection control to
select the length of signal interval, a selection control to select
the type of beacon, and/or a selection control to select the
historical information.

[0027] The user interface means may be an electronic or
electromechanical control means.
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[0028] Inorder that the invention may be better understood
and put into practice, a preferred embodiment thereof will
now be described, by way of example only, with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a block diagram of one embodiment of the
apparatus of this invention.

[0030] FIGS. 2A and 2B illustrate example mappings of
blood pressure parameters into the sound dimensions of the
earcon.

[0031] FIGS. 3A and 3B illustrate the use of static and
dynamic beacons.

[0032] FIG. 4 comprises deviation plots showing the
advantage of the beacon in determining the systolic and dias-
tolic values.

[0033] FIG. 5 comprises deviation plots showing the
advantage of including historical information in the earcon.

DETAILED DESCRIPTION OF AN
EMBODIMENT OF THE INVENTION

[0034] A block diagram of a sonification apparatus 10
according to one embodiment of the invention is shown in
FIG. 1. The sonification apparatus is primarily a software
driven device adapted to be used with an existing anaesthetic
system and to use the existing anaesthetic system’s visual
monitor and speaker. It can also work with portable monitor-
ing devices capable of measuring blood pressure.

[0035] The apparatus includes an input 11 which receives
readings of systolic, diastolic and mean arterial or pulmonary
arterial blood pressure levels, typically in digital form. (If the
readings are in analogue form, they are converted to digital).
Most anaesthetic monitoring systems are equipped with one
or more measuring devices to obtain such readings, and they
need not be described in detail in this application. These
devices may also be found on non-anaesthetic monitors. The
apparatus 10 also includes a memory 12 for storing previous
readings.

[0036] The apparatus 10 includes a signal processing and
mapping unit 13 which processes the systolic and diastolic
digital information received from 10. The unit 13 receives
digital information about the type of measurement, the user’s
beacon selection, historical information, the parameter selec-
tion and the blood pressure measurement selected, through a
user interface 14. If historical information is requested, this
will be recalled from memory 12. If the type of measurement
selected is continuous, then the signal processor 13 will also
receive information about the rate of update for the visual and
auditory display through the user interface 14.

[0037] The signal processing and mapping unit 13 also
maps the blood pressure readings to a scale, as described in
more detail below, for expression in auditory form as a com-
ponent note or tone in an earcon.

[0038] The output of the signal processing and mapping
unit 13 is sent to a sound synthesizer 15 which generates the
musical or pitch scale and sound duration according to the
earcon sound dimensional mapping. That is, the pitch (fre-
quency) and duration of the audio output tone are dependent
on the measured value of the blood pressure reading. The
earcon may comprise four aural components or tones, repre-
senting the type of blood pressure being measured, a beacon,
the current measure of blood pressure, and a historical mea-
sure of blood pressure, respectively.
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[0039] The synthesized earcons are then sent to an audio
output device 16 which may be a speaker or an earpiece.
[0040] In a preferred embodiment, the mapping of the
blood pressure measurements uses, but is not limited to, a
nine-point scale. The auditory scale indicates high, normal
and low levels, and sub-levels within each range, as shown in
FIGS. 2A and 2B.

[0041] Each point on the scale is indicated by a unique
combination of duration and pitch. The duration of each point
is mapped but not limited to the overarching range, such that
all points in the low range of the scale will have the same
duration, all points in the normal range of the scale will have
the same duration and all points in the high range of the scale
will have the same duration. The difference in duration length
between low, normal and high will preferably be, but is not
limited to, a ratio of either 1:2:3 (as shown in FIG. 2A) or
1:2:4 (as shown in FIG. 2B). Each point on the scale will also
have a mapping to a pitch or musical scale that will signifi-
cantly differentiate each point on the scale.

[0042] In the case of a non-invasive reading, the blood
pressure results are sent to the synthesizer 13 immediately the
measurement is completed. In the case of an invasive mea-
surement where arterial and/or pulmonary arterial measure-
ments are updated with every heartbeat, the earcons will be
updated according to the type of measurement selected. If a
time interval basis is selected, then the results will be updated
every time that time interval has lapsed. If the type of mea-
surement selected is a change-based one, then an earcon will
be output whenever a blood pressure measurement, (systolic,
diastolic or mean blood pressure) changes from one region of
the mapping to another.

[0043] The user interface 14 allows the user to: select the
type of measurement selected (intermittent or continuous);
the user’s beacon selection (none, static or dynamic); histori-
cal information (none or previous measurement stored in
memory); the parameter selection (arterial or pulmonary arte-
rial); the blood pressure measurement (systolic, diastolic or
mean blood pressure); and the rate of update for the visual and
auditory display in the continuous setting (or upon a change in
blood pressure and/or time elapsed).

[0044] Examples of typical types of earcon selections and
settings are given in Table 1 which lists possible user selected
components of the blood pressure earcons. These can be
presented in any order including repeated presentations in the
earcons. Each condition is able to play an associated wave file
determined by the measurement it represents.

[0045] The beacons may be static or dynamic. Comparison
of a static beacon with a dynamic beacon is shown in FIGS.
3A and 3B. Inastatic beacon (FIG. 3A), the listener compares
the ‘normal’ level for rhythm, pitch and duration against the
sound heard in the earcon. As shown by the arrows, the first
part Bss of the static beacon is compared against the current
systolic value Sc; the second part Bsd of the static beacon is
compared against the current diastolic value Dc. The rhythm
assists with the assessment of duration. The difference
between relative duration and pitch also helps assess value.
[0046] In a dynamic beacon (FIG. 3B), the listener com-
pares either a user defined beacon or one captured by the
system from a previous measurement. Again, as shown by the
arrows, the first part Bds of the beacon is compared against
the systolic value; and the second part Bdd of the beacon is
compared against the diastolic value. This is more effective at
detecting change from an expected state rather than judging
absolute value
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[0047] A user can also adjust the blood pressures scales
which are indicated by a changed background on the visual
display. The user can also adjust the overall volume of the
earcons.

[0048] The method and apparatus described above have
several advantages over known sonification systems, includ-
ing:

[0049] Both the pitch (frequency) and duration of the
earcon tones represent the measured readings, thereby
facilitating aural recognition.

[0050] Three dimensions of sound, namely tempo, dura-
tion and pitch, are used to indicate the range for beacons,
systolic, diastolic and mean arterial blood pressure in a
short auditory motif.

[0051] The blood pressure earcons can work alongside
existing commercial pulse oximetry systems rather than
being part of a system for sonifying a broader range of
physiological variables including cardiovascular vari-
ables.

[0052] Thebeacons and systolic, diastolic or mean blood
pressure values are distinguishable by the order they
occur and the harmonics associated with mode selected.

[0053] The earcons are distinguishable between inter-
mittent and continuous measurements of blood pressure
by both the rate and pattern of the display.

[0054] The arterial and pulmonary arterial earcons can
be distinguished by the use of different harmonics to the
primary frequencies.

[0055] Similarly the difference between the static bea-
con and the dynamic beacon can be indicated by adding
reverberation to the sound stream.

[0056] The rhythm produced by the gaps between
sounds in the earcon can assist with the categorisation of
the pitch and duration.

[0057] During non-invasive blood pressure monitoring
of a patient, the earcon will sound when a blood pressure
measurement is taken.

[0058] During invasive blood pressure monitoring, the
earcons will sound according to the selection made by
the clinician; combining one or both of time elapsed
since the last earcon and any occurrence of a blood
pressure change.

Empirical Evaluation of the Earcons and Beacons

[0059] Two studies were conducted to examine the follow-

ing performance aspects:

[0060] H1 The accuracy achieved when participants rely on
the auditory display alone should be comparable to peo-
ple’s ability to monitor physiological parameters with
other auditory displays or visual displays.

[0061] H2 The earcons should be perceivable against back-
ground sounds that could be found in the monitoring envi-
ronment.

[0062] H3 The presence of a beacon should assist partici-
pants with the interpretation of earcons for systolic and
diastolic blood pressure.

[0063] H4 The benefit of historical systolic and diastolic
information in the earcon for recalling previous measure-
ments and identifying changes between the previous and
current measurements.

[0064] HS Beacons assist participants with their judgments
of'the earcon due to the recognition of the rhythm, pitch and
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duration difference in the sound rather than alerting the
participants to shift attention.

Example 1

Comparison of Earcon Constructs for Intermittent
Information

[0065] The first study addressed issues related to H1 to
H14. From a comparison between three of the possible
earcons, it was sought to establish that historical information
and the static beacon would assist participants’ awareness of
the simulated patient’s blood pressure.

[0066] The first experiment compared three versions of the
earcons under a dual task condition. Participants monitored a
simulated patient while conducting a basic but cognitively
demanding arithmetic task [9].

[0067] A within-subject experiment was conducted with
three independent variables. The first variable was earcon
type. The first earcon provided information about the current
systolic and diastolic blood pressure measurements (referred
to as C); a second earcon contained the beacon followed by
the current systolic and diastolic blood pressure measure-
ments (referred to as BC); a third earcon contained the beacon
followed by the previous historical blood pressure measure-
ments, then the current systolic and diastolic blood pressure
measurements (referred to as BPC). The beacons used in
these trials consisted of a static beacon for systolic and dias-
tolic blood pressure measurements.

[0068] Thesecond variable was blood pressure history with
levels prior and present.

[0069] The third variable was blood pressure measure, with
levels systolic and diastolic.

[0070] There were two dependent variables, earcon plot-
ting accuracy and the accuracy of the responses to the arith-
metic task.

[0071] Twenty-four people without medical qualifications
participated in a within-subject repeated measures design to
assess the earcons in a dual task paradigm [9]. Participants
monitored blood pressure change while completing a simple
but also time consuming arithmetic task. (The arithmetic task
required the participants to assess whether a simple sum was
true or false, e.g. 7+1=8.) A dual task paradigm was used to
simulate similar repetitive tasks performed by anaesthetists
that might distract from patient monitoring. The dual task was
also used to assess the attentional issues of switching between
unrelated tasks. The arithmetic task required the participants
to process information and recall response from memory that
had the potential to interfere with their memory of the previ-
ous blood pressure measurement. It was also possible that
there could be an increase in earcon recognition errors if the
participants had to refocus their attention from the visual
arithmetic task to the auditory blood pressure monitoring
task.

[0072] Participants received 45 minutes of training through
a POWERPOINT™ presentation built to familiarise them
with the earcons and the arithmetic task. The earcon stimuli
were composed of nine 10-minute soundtracks in each con-
dition (C, BC and BPC). The soundtracks were composed of
a backing track of respiratory and cardiac sonifications, with
the earcons placed at 2 minute intervals. From related work it
was known that participants could attend to more than one
sound stream [5],[10]; therefore, the presence of blood pres-

May 15, 2008

sure beacons should not inhibit the monitoring of other physi-
ological parameters or be inhibited by the presence of other
auditory information.

[0073] The first earcon occurred less than one minute into
each soundtrack. Participants listened to three soundtracks
per condition and the condition order was counter-balanced
across participants. Participants recorded their estimates for
the previous and the current values of systolic and diastolic
blood pressure on a nine-point scale. Responses were
recorded on a new results sheet every time participants heard
the earcons, to prevent participants referring to their previous
answers. Participants also answered a series of questions
throughout the experiment on their subjective experiences of
the earcons.

[0074] Participants’ results for the arithmetic task, earcon
performance and questionnaire responses were analysed
using a series of ANOVASs and tests of contrasts. There were
no significant differences of earcon type for participants’
arithmetic task performance F(2,22)=0.42, MSe=53.59, p=0.
959.

[0075] The deviation results of FIG. 4 show participants
were very accurate at the blood pressure plotting task with all
three earcons C, BC and BPC. These results were comparable
with Watson, Sanderson and Russell’s findings [5] for anaes-
thetists and were better than the results observed for novices
monitoring heart-rate and oxygen saturation with either the
pulse oximeter or visual display. These results satisfy the
performance criteria of H1 (namely, the accuracy when par-
ticipants rely on the auditory display alone should be compa-
rable to people’s ability to monitor physiological parameters
with other auditory displays or visual displays) and H2
(namely, the earcons should be perceivable against back-
ground sounds that could be found in the monitoring envi-
ronment).

[0076] Fouranalyses were conducted of participants’ judg-
ment of the earcons, including the main effect of earcon type
and the linear contrasts specified in Table 2.

[0077] Incomparisons .3 and L4, the presence of the bea-
con significantly improved participants’ judgments for the
earcon. These results support H3 (namely, the presence of a
beacon should assist participants with the interpretation of
earcons for systolic and diastolic blood pressure). However,
they do not establish whether this was due to an attentional
shift by the participants, or because the beacons assisted
participants with their judgments of the earcon due to the
recognition of the rhythm, pitch and duration. The results of
L2 indicated counter H4 (namely, the benefit of historical
systolic and diastolic information in the earcon for recalling
previous measurements and identifying changes between the
previous and current measurements); however, the subjective
results indicated that this was due to insufficient exposure to
the earcons.

[0078] Eight subjective questionnaire responses about the
effects of the earcon on participants’ perceived workload,
memory requirements and task performance were analysed
using ANOVAs. Only Question 5: “How much effort was
required to remember the previous blood pressure values?”
found significant differences between the earcons F(1,23)
=10.97, MSe=49.80, p=0.000. A within-subject analysis of
the results was significant. The BPC condition was signifi-
cantly easier to remember than the C and BC condition, Mean
difference=-1.623, MSe=0.461, p=0.02. The BPC condition

was significantly easier to remember than the BC condition,
Mean difference=-1.246, MSe=0.341, p=0.01. However the
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BC condition was not significantly easier to remember than
the C condition, Mean difference=-0.377, MSe=0.257, p=0.
157. So although there were no significant participant judg-
ment benefits of the BPC condition, the participants’ believed
the historical information contained within the BPC to be
useful.

[0079] The availability of the historical information is
likely to be beneficial when participants have had greater
exposure to the earcons, as has been the case for extended
exposure to Morse code [11]. The historical information is
also likely to be of benefit in cases where the time elapsed
between blood pressure measurements is longer than two
minutes. The subjective results and the conclusions drawn
from research into Morse code indicates that H4 (i.e. the
benefit of historical systolic and diastolic information in the
earcon for recalling previous measurements and identifying
changes between the previous and current measurements) is
likely to be achieved with more practice and greater elapsed
time between earcons.

Example 2

Comparison of Earcon Constructs for Intermittent
Information

[0080] The second experiment addressed issues related to
H1, H2, H4 and H5. From a comparison between three of the
possible earcons, it was sought to establish that historical
information and an auditory alert would assist participants’
awareness of the simulated patient’s blood pressure. The
auditory alert occurred at the same time interval before the
systolic information of the earcons as did the beacon in the
first experiment; however, the alert was significantly different
in pitch, duration and rhythm so it could not be used as a
beacon. If the beacon served only to alert participants to
reorient their attention from the arithmetic task to the earcon
then similar results to the first experiment should have been
observed.

[0081] The second experiment was a within-subject experi-
ment conducted with three independent variables. The first
variable was earcon type. The first earcon provided informa-
tion about the current systolic and diastolic blood pressure
measurements (referred to as C); a second earcon contained
the alert followed by the current systolic and diastolic blood
pressure measurements (referred to as AC); a third earcon
contained the alert followed by the previous historical blood
pressure measurements, then the current systolic and dias-
tolic blood pressure measurements (referred to as APC).
[0082] Twenty-four new participants, with no medical
qualification, underwent training and evaluations of the three
conditions. The second experiment only differed from the
first in the training and scenario evaluations by the replace-
ment of the beacons with the alerts.

[0083] The deviation results in FIG. 5 show participants
were very accurate at the blood pressure plotting task with all
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three earcons C, AC and APC. As with the first experiment,
these results support H1 (i.e. the accuracy when participants
rely on the auditory display alone should be comparable to
people’s ability to monitor physiological parameters with
other auditory displays or visual displays).

[0084] Four analyses were conducted for participants’
judgment of the earcons, including the main effect of earcon
type and the linear contrasts specified in Table 3.

[0085] Incomparisons .3 and L4, the presence of the alert
did not significantly improve participants’ judgments for the
earcon. The results of L1 and [.2 indicated that there was a
trade-off of better participant judgment on the previous mea-
sures of systolic and diastolic for slightly inferior perfor-
mance on the current values. These results indicate that H4
(i.e. the use of historical systolic and diastolic information in
the earcon for recalling previous measurements and identify-
ing changes between the previous and current measurements)
had the potential to be beneficial with further exposure to the
earcons.

[0086] The results of the two studies, in conjunction with
prior auditory experiments, show that the use of earcons for
indicating blood pressure has the ability to accurately convey
patient systolic and diastolic blood pressure information. The
use of both duration and pitch in a rhythmic pattern allowed
participants with no medical training to accurately monitor
the patient as well as anaesthetists can monitor the pulse
oximeter when the results of Watson and Gill are compared
with the finding of Watson, Sanderson and Russell [5],[9].
The beacon significantly improved participants’ perfor-
mance, whilst the historical information showed a trend to
better performance, which is likely to be more evident when
the intermittent measurements are less frequent. These results
only required the participants to remember blood pressure
readings whilst clinical staff must monitor several more low
level physiological parameters. An increase in the memory
load and the possibility that intervals as long as five minutes
may elapse between non-invasive blood pressure readings
suggest that it is likely that historical information may assist
in some circumstances.

[0087] The method and apparatus of this invention can
assist clinicians to maintain high levels of awareness of
patient state and to make better use of blood pressure infor-
mation in interpreting patient events.

[0088] The foregoing describes only one embodiment of
the invention and modifications which are obvious to those
skilled in the art may be made thereto without departing from
the scope of the invention. For example, the invention can be
utilised for the sonification of other physiological parameters.
[0089] Throughout this specification, including the claims,
where the context permits, the term ‘comprising’ or com-
prises’ is intended to be used in the inclusive sense, i.e. as
including the stated integers without necessarily excluding
others.

TABLE 1

Examples

Likely use

2. B,S.D,

Invasive measures of blood pressure where rapid blood
pressure changes are likely to occur

Invasive measures of blood pressure where the
listener(s) may be unfamiliar with the earcon nine-point
scale or rate of blood pressure changes are likely to slow
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TABLE 1-continued
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3. B.,B.,S.D, Non-invasive measures of blood pressure taken at 2
minutes or less time intervals
4. B,B,S,D,S.D. Non-invasive measures of blood pressure taken at more
than 2 minute time intervals
5. B,B,S,D,B.B,S.D. Non-invasive measures of blood pressure taken at more
than 2 minute time intervals where the listener(s) may be
unfamiliar with the earcon nine-point scale
6. ByByS.D. Non-invasive measures of blood pressure used to detect
a change in a patient’s state that is exhibiting an
abnormal but steady systolic and/or diastolic blood
pressure
7. B.M,M, Non-invasive measures of blood pressure measurements
for long term trend reviewing of the patient’s blood
pressure history
Symbol Indicates Description
B Beacon A known comparative sound used by listeners to assist
with the identification of other values in the earcon
S Systolic blood First blood pressure measurement registered during cuff
pressure deflation
Diastolic blood Second blood pressure measurement registered during
pressure cuff deflation
M Mean blood Average of the systolic and diastolic blood pressure
pressure
*) Static beacon A sound that defines the normal range for systolic and
diastolic blood pressure
*9 Dynamic beacon A sound that defines the range for systolic and diastolic
blood pressure selected by the operator
*2) Current (n™) blood pressure measurement
measurement
(*p) Previous (n'™ - 1) blood pressure measurement
measurement

TABLE 2

Table 2: The effect of historical information and beacons on participants’
judgments for systolic and diastolic blood pressure. Scores are the mean
error away from the correct score on the nine-point rating scale.

Sum of Mean
Transformed Variable ~ Squares df  Square F Sig.
L1 BCvs. BPC at prior 2.282 1 2.282 2,779  .109
L2 BCvs. BPC at current 8.027 1 8.027  40.036 .000
L3 Cvs. BC atprior 2.947 1 2.947 5.294 031
14 Cvs. BC at current 1.373 1 1.373 4431 .046
TABLE 3

Table 3: The effect of historical information and alerts on participants’
judgments for systolic and diastolic blood pressure. Scores are the
mean error away from the correct score on the nine-point rating scale.

Sum of Mean
Transformed Variable ~ Squares df  Square F Sig.
L1 AC vs. APC at prior 4.076 1 4076  8.865 0.007
L2 ACvs. APC at current 2.581 1 2.581  7.258 0.013
L3 Cvs. AC at prior 0.094 1 0.094  0.177 0.678
14 Cvs. AC at current 1.109 1 1.109 2.565 0.123
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1. A method of representing or displaying blood pressure of
a subject aurally, comprising the steps of

receiving a signal representative of blood pressure infor-

mation, and

synthesising an audio output from the signal,
characterised in that the duration and pitch of the synthesised
audio output are dependent on the blood pressure informa-
tion.

2. A method as claimed in claim 1, further comprising the
step of outputting the audio output through a speaker or
earpiece.

3. A method as claimed in claim 1, wherein the blood
pressure information includes at least one of arterial or pul-
monary arterial systolic, diastolic and mean blood pressure
measurements, and the audio output includes an earcon com-
prising a tone or sequence of tones, the tone(s) being repre-
sentative of a respective type of blood pressure measurement.

4. A method as claimed in claim 3, wherein the earcon
further includes an initial tone representing a previous blood
pressure measurement.

5. A method as claimed in claim 3, wherein the earcon
further includes a beacon tone representing a predetermined
value of a blood pressure parameter.

6. A method as claimed in claim 3, further comprising the
step of generating an auditory prompt signal prior to each
earcon.

7. A method as claimed in claim 3, wherein the earcon
includes a plurality of tones, further comprising the step of
aurally distinguishing the tones by adding harmonics to the
primary frequencies of the tones.

8. A method as claimed in claim 1, wherein the pitch of the
synthesised audio output is dependent on the blood pressure
information according to a stepped scale.

9. A method as claimed in claim 1, wherein the duration of
the synthesised audio output is dependent on the blood pres-
sure information according to a stepped scale.
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10. A method as claimed in claim 8, wherein the stepped
scale is a three part scale.

11. Apparatus for representing or displaying blood pres-
sure of a subject aurally, comprising

an audio synthesizer adapted to receive a signal represen-

tative of blood pressure information and to synthesize an
audio output from the signal, characterised in that the
duration and pitch of synthesized audio output are
dependent on the value of the blood pressure informa-
tion.

12. Apparatus as claimed in claim 11, further comprising a
user interface for varying characteristics of the audio output.

13. Apparatus as claimed in claim 11, further comprising a
signal processor for receiving the blood pressure information
and deriving the signal therefrom, the signal processor having
an output connected to the audio synthesizer.

14. Apparatus as claimed in claim 11, wherein the blood
pressure information includes at least one of arterial or pul-
monary arterial systolic, diastolic and mean blood pressure
measurements, and the audio output includes an earcon com-
prising a tone or sequence of tones, the tone(s) being repre-
sentative of a respective type of blood pressure measurement.

15. Apparatus as claimed in claim 14, further comprising a
memory for storing at least one previous blood pressure mea-
surement, and wherein the earcon further includes an initial
tone representing a previous blood pressure measurement.

16. A method as claimed in claim 11, wherein the pitch of
the audio output is dependent on the blood pressure informa-
tion according to a stepped scale.

17. A method as claimed in claim 11, wherein the duration
of the audio output is dependent on the blood pressure infor-
mation according to a stepped scale.

18. Apparatus for representing a measured value of a physi-
ological parameter of a subject aurally, comprising

sound synthesizer means adapted to receive a signal rep-

resentative of the measured value of the physiological
parameter and to synthesize an audio output from the
signal,

characterised in that the duration and pitch of synthesized

audio output are dependent on the value of the measured
physiological parameter.

19. A method as claimed in claim 9, wherein the stepped
scale is a three part scale.

Ed sk Ed Ed Ed
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