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According to an aspect there is provided a method of obtain-
ing a measurement of the blood pressure of a subject using a
non-invasive blood pressure, NIBP, monitor and including
using a pulse rate sensor and a cuff that is to be placed around
a limb of the subject, the method comprising using the pulse
rate sensor to obtain information on the pulse rate of the
subject; adapting a pressure signal filter according to the
obtained information on the pulse rate of the subject; starting
inflation of the cuff; obtaining a pressure signal representing
the pressure in the cuff as the cuff is inflated; filtering the
pressure signal using the adapted pressure signal filter during
inflation of the cuff; and processing the filtered pressure sig-
nal to obtain a blood pressure measurement for the subject
during inflation of the cuff.
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NON-INVASIVE BLOOD PRESSURE
MONITOR AND METHOD OF OPERATING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of EP provisional
application serial no. 14188411.4 filed Oct. 10, 2014, which
is incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

[0002] The invention relates to a non-invasive blood pres-
sure (NIBP) monitor and a method of operating the same, and
in particular relates to improving the comfort of the blood
pressure measurements obtained by such a monitor.

BACKGROUND TO THE INVENTION

[0003] Arterial blood pressure (BP) is one of the most
important vital signs and is widely used in clinical practice.
Non-invasive arterial blood pressure (NIBP) is usually mea-
sured by slowly varying the pressure in a cuff that is wrapped
around the upper arm of a subject. The BP is determined
either by measuring sound distal from the cuff (the ausculta-
tory method, based on Korotkoff sounds) or by measuring
pressure pulsations in the cuff caused by volume pulsations of
the arm and brachial artery and extracting features from the
envelope of these pressure pulses (the oscillometric method).
The oscillometric method is easily automated and is widely
used.

[0004] The principle behind a typical oscillometric method
is illustrated by FIG. 1, which shows a graph of cuff pressure
10, and a processed high pass filtered trace 12 of this cuff
pressure, versus time. The left-hand y-axis shows pulse
amplitude, the right-hand y-axis shows cuff pressure, and the
x-axis shows time. To perform a NIBP measurement using the
oscillometric method, first the cuff pressure 10 is ramped up
until it is sufficiently larger than systolic blood pressure. After
ramp up, the cuff is deflated (in FIG. 1 the deflation is done
gradually, but step wise deflation is also possible). During the
deflation, small oscillations in cuff pressure occur, caused by
volume changes in the bladder of the cuff, which are in turn
caused by volume changes in the brachial artery. The mea-
sured cuff pressure 10 is high pass filtered, and the resulting
trace 12 shows the cuff pressure oscillations due to volume
changes in the brachial artery. An envelope 14 of the oscilla-
tion amplitudes is determined. The maximum A, of this
pulse envelope 14 is taken as a reference point for determin-
ing the systolic 16 and diastolic pressure 15. The systolic
pressure 16 is determined as the cuff pressure where the
pressure oscillation is approximately 0.8 times the maximum
amplitude A, at a pressure higher than the pressure at the
reference point. The diastolic pressure 15 is determined as the
cuff pressure where the pressure oscillation is approximately
0.55 times the maximum amplitude A, at a pressure lower
than the pressure at the reference point. These ratios are based
on empirical values (see, e.g., L A Geddes et. al., Annals of
Biomedical Engineering 10 pp 271-280. 1982). The exact
algorithms that are employed by manufacturers of blood pres-
sure devices to determine systolic and diastolic pressutes are
usually trade secrets.

[0005] The typical monitor 20 used for acquiring oscillo-
metric NIBP measurements is illustrated in FIG. 2. A pump
22, apressure sensor 24, and a valve 26 are connected to a cuff
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28 by tubing 30. A controlunit 32 is connected to the pump 22
and the valve 26 to control the operation ofthose components,
and is also connected to the pressure sensor 24 in order to
receive the signal representing the pressure of the gas in the
cuff 28 (the ‘pressure signal®). The control unit 32 runs the
algorithm that controls the pump 22 and valve 26 and pro-
cesses the pressure signal from the pressure sensor 24 to
determine the BP measurement. During execution of the
oscillometric method the pump 22 blows air into the cuff 28,
thereby inflating it. The pressure sensor 24 measures the gas
pressure in the system (and therefore the pressure of the gas in
the cuff 28) and outputs a signal representing the pressure in
the cuff 28 (referred to as the ‘pressure signal’). When a
pressure larger than systolic pressure is reached, the pump 22
is disabled or switched off, the valve 26 is opened and slow (or
step wise) deflation occurs, during which the cuff pressure is
continuously measured and the measurements (pressure sig-
nal) stored. The pump 22 and valve 26 are controlled by
control unit 32, which also receives the cuff pressure mea-
surements and calculates the pulse envelope and the systolic
and diastolic pressure using these measurements. In practice
the monitor 20 may comprise multiple sensors and valves for
safety reasons.

[0006] The operation of the typical monitor 20 is often
uncomfortable for the subject (and in some cases is painful),
since the arm is compressed with an external pressure. In a
clinical or hospital (or even home) setting where blood pres-
sure measurements need to be obtained through the day and
night, the taking of a blood pressure measurement by the
monitor 20 will often disturb the sleep of the subject. NIBP
monitors originally developed for high acuity subjects (e.g.
those in an intensive care unit (ICU)) were optimized for
accuracy and precision, but not the comfort of the subject.
[0007] In a home setting, it has been found that NIBP
measurements have a relatively low acceptance by subjects
(e.g. the subjects do not comply with the required measure-
ment schedule or do not perform the measurements properly),
which in some cases is due to the pain caused by the inflation
of the cuff (which can relate to the duration that the cuff is
inflated for and/or the peak pressure in the cuff), irritation of
skin under the cuff (particularly on NIBP monitors that are
continuously worn by a subject), haematomas, and distur-
bance of the sleep of the subject.

[0008] The comfort of the NIBP measurement can be
improved in any or all of three areas: the total measurement
time (where a reduction is desired), the maximum cuff pres-
sure reached (where a lower maximum pressure is desired)
and the integral of cuff pressure over time (where a smaller
integral is desired). Of course, this increase in comfort should
not come at the expense of the accuracy of the NIBP mea-
surement beyond acceptable limits.

[0009] In addition to the types of monitor described above
in which the BP is measured using envelope detection during
deflation of the cuff (which can typically take around 45
seconds), monitors have been developed that can measure the
BP while the cuff is being inflated. This can reduce the total
measurement time (in some cases to around 20 seconds),
since the deflation stage can be very quick once the BP mea-
surement has been obtained, and therefore can result in a
measurement that is more comfortable for the subject. How-
ever, there is further scope for improving the comfort of these
inflation-based BP measurements.

[0010] Therefore there is a need for an NIBP monitor and
method of operating the same that measures the blood pres-
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sure during inflation of the cuff and that is more comfortable
for the subject than conventional monitors.

SUMMARY OF THE INVENTION

[0011] According to a first aspect, there is provided a
method of obtaining a measurement of the blood pressure of
a subject using a non-invasive blood pressure, NIBP, monitor
that comprises a pulse rate sensor and a cuff that is to be
placed around a limb of the subject, the method comprising
using the pulse rate sensor to obtain information on the pulse
rate of the subject; adapting a pressure signal filter according
to the obtained information on the pulse rate of the subject;
starting inflation of the cuff, obtaining a pressure signal rep-
resenting the pressure in the cuff as the cuff'is inflated; filter-
ing the pressure signal using the adapted pressure signal filter
during inflation of the cuff; and processing the filtered pres-
sure signal to obtain a blood pressure measurement for the
subject during inflation of the cuff.

[0012] In some embodiments the step of using the pulse
rate sensor to obtain information on the pulse rate of the
subject is performed prior to starting the inflation of the cuff.
[0013] Insomeembodiments the step of adapting the pres-
sure signal filter is performed prior to starting the inflation of
the cuff.

[0014] In some embodiments the steps of using the pulse
rate sensor to obtain information on the pulse rate of the
subject and adapting the pressure signal filter are also per-
formed during inflation of the cuff.

[0015] Insome embodiments the step of adapting the pres-
sure signal filter comprises adapting the frequency character-
istics of the filter according to the obtained information on the
pulse rate of the subject.

[0016] Insomeembodiments the method further comprises
the step of stopping the inflation of the cuff when a blood
pressure measurement has been obtained.

[0017] Insomeembodiments the method further comprises
the step of deflating the cuff once the blood pressure mea-
surement has been obtained.

[0018] Insomeembodiments the method further comprises
the step of performing a measurement of the blood pressure
during deflation of the cuff if the step of processing the
filtered pressure signal to obtain a blood pressure measure-
ment for the subject does not provide a measurement of the
blood pressure or an acceptable measurement.

[0019] In some embodiments the pulse rate sensor is an
accelerometer, a photoplethysmograph, PPG, sensor or an
electrocardiograph, ECG, sensor.

[0020] In preferred embodiments the pulse rate sensor is a
different sensorto the sensor that measures the pressure in the
cuff.

[0021] In preferred embodiments the information on the
pulse rate of the subject is not obtained from the pressure
signal.

[0022] In some embodiments the NIBP monitor further
comprises a pump for inflating the cuff.

[0023] According to a second aspect there is provided a
computer program product comprising a computer readable
medium having computer readable code embodied therein,
the computer readable code being configured such that, on
execution by a suitable computer, processor or control unit,
the computer, processor or control unit is caused to perform
any of the methods described above.

[0024] According to a third aspect, there is provided a non-
invasive blood pressure, NIBP, monitor for measuring the
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blood pressure of a subject, the NIBP monitor comprising a
control unit that is configured to obtain information on the
pulse rate of the subject from a pulse rate sensor; adapt a
pressure signal filter according to the obtained information on
the pulse rate of the subject; control a pump to start inflating
acuff; obtain a pressure signal representing the pressure in the
cuff as the cuff'is inflated; filter the pressure signal using the
adapted pressure signal filter during inflation of the cuft; and
process the filtered pressure signal to obtain a blood pressure
measurement for the subject during inflation of the cuff.
[0025] In some embodiments the NIBP monitor further
comprises a pulse rate sensor for measuring the pulse rate of
the subject and for providing information on the pulse rate to
the control unit.

[0026] In some embodiments the pulse rate sensor is an
accelerometer, a photoplethysmograph, PPG, sensor or an
electrocardiograph, ECG, sensor.

[0027] Insome embodiments the control unit is configured
to obtain the information on the pulse rate of the subject prior
to controlling the pump to start inflating the cuff.

[0028] Insome embodiments the control unit is configured
to adapt the pressure signal filter prior to controlling the pump
to start inflating the cuff.

[0029] In some embodiments the control unit is further
configured to obtain information on the pulse rate of the
subject from the pulse rate sensor and to adapt the pressure
signal filter during inflation of the cuff.

[0030] Insome embodiments the control unit is configured
to adapt the pressure signal filter by adapting the frequency
characteristics of the filter according to the obtained informa-
tion on the pulse rate of the subject.

[0031] In some embodiments the control unit is further
configured to control the pump to stop the inflation of the cuff
when a blood pressure measurement has been obtained.
[0032] In some embodiments the control unit is further
configured to deflate the cuff once the blood pressure mea-
surement has been obtained.

[0033] In some embodiments the control unit is further
configured to obtain a measurement of the blood pressure
during deflation of the cuff if the processing of the filtered
pressure signal does not provide a measurement of the blood
pressure or an acceptable measurement of the blood pressure.
[0034] In preferred embodiments the pulse rate sensor is a
different sensorto the sensor that measures the pressure in the
cuff.

[0035] 1In preferred embodiments the control unit does not
obtain the information on the pulse rate of the subject from the
pressure signal.

[0036] In some embodiments the NIBP monitor further
comprises a cuff; a pump for inflating the cuft; and a pressure
sensor for measuring the pressure in the cuff and for output-
ting a pressure signal representing the pressure in the cuff to
the control unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] For a better understanding of the invention, and to
show moreclearly how it may be carried into effect, reference
will now be made, by way of example only, to the accompa-
nying drawings, in which:

[0038] FIG. 1 is a graph of cuff pressure versus time mea-
sured using a conventional oscillometric NIBP monitor;
[0039] FIG. 2 shows a block diagram of a conventional
oscillatory NIBP monitor;
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[0040] FIG. 3 is a flow chart illustrating an exemplary
method for performing an inflation-based BP measurement;
[0041] FIG. 4 is a block diagram of an NIBP monitor
according to an embodiment of the invention;

[0042] FIG. 5 is a flow chart illustrating a method of oper-
ating a NIBP monitor to obtain an inflation-based BP mea-
surement according to an aspect of the invention; and
[0043] FIG. 6 is a graph illustrating the improvements in
BP measurements provided by the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0044] As described above, measuring the blood pressure
(BP) of a subject during inflation of a cuff, rather than during
deflation of the cuff from a peak pressure that is sufficient to
prevent blood flow in the limb, allows the BP measurement to
be completed more quickly, which helps to improve the com-
fort of the BP measurement for the subject.

[0045] The flow chart in FIG. 3 illustrates an exemplary
method for performing an inflation-based measurement using
the monitor 20 shown in FIG. 2. Briefly, in this method,
information about the subject’s heart rate is obtained from the
pressure signal and used to adapt a filter that is applied to the
pressure signal in order to obtain the BP measurement.
[0046] Instep 101 inflation of the cuff 28 is started, and the
pressure signal representing the pressure in the system is
buffered (step 103). In order to obtain a reliable BP measure-
ment, the subject’s blood pressure range (diastolic to systolic)
needs to be sampled over a certain number of heart cycles
(beats). This certain number of heart cycles puts an upper
limit on the rate at which the cuff can be inflated from the
diastolic pressure to the systolic pressure (since if the cuff is
inflated too quickly there will not be enough heart cycles in
the signal representing the pressures between diastolic and
systolic pressure to obtain a reliable BP measurement). Thus,
in step 101 the cuff 28 is inflated at a rate that will allow a
sufficient number of heart cycles in the diastolic to systolic
range to be measured (typically this rate is set based on an
assumption of the lowest possible heart rate in order to ensure
that a sufficient number of heart cycles are captured).

[0047] Instep 105, the buffered pressure signal is processed
to determine the heart rate of the subject. This step typically
requires the cuff to be at a certain pressure for the heart rate
signal to be observed, and a substantial length or duration of
pressure signal (e.g. covering a few heart beats) is required in
order to be able to extract the heart rate information. If the
pressure in the cuff'is not yet sufficient to determine the heart
rate (as determined in step 107), then no heart rate will be
determined in step 105, and the method passes to step 109 in
which inflation of the cuff 28 continues and the pressure
signal continues to be buffered (step 103). In some embodi-
ments, step 105 can comprise estimating the autocorrelation
function of the buffered pressure signal and then finding a
peak in that function that most likely corresponds to the
subject’s heart rate. In some cases the amplitude of the peak
can be compared to a threshold to determine if the peak has a
sufficient magnitude to represent the heart rate. If the ampli-
tude of the peak exceeds the threshold, the peak can be used
as the estimate of the heart rate.

[0048] If the heart rate can be extracted from the pressure
signal in step 105, the method passes to step 111 in which the
heart rate is used to adapt a filter that is to be applied to the
pressure signal. Once the filter has been adapted to the heart
rate of the subject, the buffered pressure signal can be filtered
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(step 113) and an analysis of the filtered pressure signal
performed to determine the BP (step 115). The filter is a
high-pass filter, similar to the high-pass filter used in the
traditional oscillometric method. The heart rate (HR) is used
to adapt the frequency characteristics of the filter, e.g. the
cut-off frequency. In some embodiments, the cut-off fre-
quency can be set to the heart rate (e.g. 60 beats per minute,
bpm=1 Hz), but in other embodiments the cut-off frequency
may be (slightly) higher or lower than the heart rate (depend-
ing on details of the filter design and other processing steps).
Generally, the higher the heart rate, the higher the cut-off
frequency of the filter (and vice versa). In one example, a
basic moving average filter is used, whereby the width of the
averaging window is set to correspond to the heart period
(=1/HR). Running this filter over the pressure signal returns a
low-pass filtered pressure signal, which is then subtracted
from the original pressure signal to obtain the high-pass fil-
tered pressure signal.

[0049] If the pressure in the cuff 28 is not yet sufficient to
determine the BP (e.g. if the cuff pressure has not yet reached
the systolic pressure) then the inflation of the cuff continues
(step 109). At this stage, as the heart rate has already been
determined, it may not be necessary to continue processing
the pressure signal to extract the current heart rate (step 105)
and adapt the filter (step 111), so the method can return to step
113 after step 109 and the filter can be applied to newly
buffered pressure signal data. In other implementations, the
extraction of the heart rate and adaptation of the filter can be
a continuous process, in which case the method can return to
step 103. If at step 115 a BP measurement is determined from
the pressure signal, then the method passes to step 119 in
which the inflation of the cuff 28 by the pump 22 is stopped,
the cuff 28 is deflated and the BP measurement can be
reported to the subject, other operator of the monitor 20 or a
remote computer or base unit that collates and stores the BP
measurement information for the subject.

[0050] Thus, in this method, obtaining a BP measurement
during inflation of the cuff 28 requires information about the
subject’s heart rate in order to be able to filter the pressure
signal appropriately. Since estimating the heart rate from the
pressure signal during inflation requires a certain pressure in
the cuff for a substantial length of time (e.g. covering a few
heart beats), there can be a delay in being able to perform the
BP measurement processing while the heart rate information
is extracted (and hence a delay in being able to determine that
inflation of the cuff 28 can be stopped), by which time the cuff
28 may have been inflated beyond the maximum pressure
required to complete the BP measurement. This can cause
discomfort for the subject due to excess pressure and duration
of the BP measurement.

[0051] Therefore, the invention provides that heart rate
information (particularly the pulse rate of the subject) used to
adapt the filter applied to the pressure signal is obtained from
adifferent, separate sensor, rather than being derived from the
pressure signal itself. This means that heart rate information
is available continuously throughout the inflation of the cuff,
and the disadvantages with the method in FIG. 3 can be
overcome. In particular, the processing of the pressure signal
to obtain the BP measurement can start as soon as the inflation
of the cuff starts (instead of when a sufficient pressure has
been reached in the cuff to enable the heart rate information to
be derived), which increases the chances of the inflation of the
cuff being stopped at the earliest opportunity (i.e. when the
systolic pressure is reached).
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[0052] A non-invasive blood pressure (NIBP) monitor
according to an embodiment of the invention is shown in FIG.
4. The monitor 50 comprises a pump 52, a pressure sensor 54,
and a valve 56 that are connected to a cuff 58 by tubing 60. A
control unit 62 is connected to the pump 52 and the valve 56
to control the operation of those components, and is also
connected to the pressure sensor 54 in order to receive the
signal representing the pressure of the gas in the cuft 58 (the
‘pressure signal”). The control unit 62 runs the algorithm that
controls the pump 52 and valve 56 and processes the pressure
signal from the pressure sensor 54 to determine the BP mea-
surement. The control unit 62 can comprise one or more
processors that are configured or programmed to control the
operation of the components of the NIBP monitor 50 and
obtain the BP measurement.

[0053] As in the conventional monitor, the pump 52 is for
blowing air or other gas into the cuff 58 in order to inflate the
cuff 58 and prevent blood flow in the limb around which the
cuff 58 is placed. The valve 56 is used to allow air or gas out
of the system and thus deflate the cuff 58.

[0054] Inaccordance with an embodiment of the invention,
the monitor 50 further comprises a pulse rate sensor 64 that is
for measuring the pulse rate of the subject while the cuff 58 is
being inflated. The pulse sensor 64 can be any suitable type of
sensor that measures the pulse rate of the subject, and that is
able to obtain a pulse rate measurement at any required time
(e.g. as required by the BP measurement algorithm).

[0055] In some embodiments, the sensor 64 is a photopl-
ethysmography (PPG) sensor, an accelerometer or an ECG
sensor, although those skilled in the art will be aware of other
types of heart rate sensor that can be used (such as a camera,
radar, impedance cardiogram, heart sound sensor, etc.). In the
case of a PPG sensor, accelerometer and/or ECG sensor, the
sensor 64 can comprise the appropriate sensing apparatus,
e.g. light source and detector for a PPG sensor, accelerometer,
and two or more electrodes for an ECG sensor, and the pro-
cessing of the signals from those sensors to determine the
pulse rate can be performed by the control unit 62. In the case
of an accelerometer, the acceleration signal can be processed
to extract the movements caused by the beating of the heart/
pulses of blood in the circulatory system.

[0056] In use, the pulse rate sensor 64 is attached to or
otherwise in contact with the appropriate part of the body of
the subject in order to measure the pulse rate. It will be
appreciated that in some embodiments, the sensor 64 can be
integrated with the cuff 58 so the subject only has to place the
cuff around their arm in order to start using the monitor 50,
whereas in other embodiments the sensor 64 can be separate
from the cuff 58 and placed separately on the body of the
subject. In some embodiments, there can be a wired connec-
tion between the sensor 64 and the control unit 62, whereas in
other embodiments, the sensor 64 can communicate with the
control unit 62 wirelessly.

[0057] It will be appreciated that FIG. 4 only shows the
components required to illustrate this aspect of the invention,
and in a practical implementation the NIBP monitor 50 will
comprise additional components to those shown. For
example, the monitor 50 may comprise multiple pressure
sensors 54 and valves 56 for safety reasons, a battery or other
power supply for powering the monitor 50, a memory module
for storing program code and/or the BP measurements, a
communication module for enabling the BP measurements to
be communicated to a base unit for the monitor 50 or a remote
computer, and/or one or more user interface components that
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allow a user (e.g. the subject or healthcare professional) to
interact and control the monitor). Also, in embodiments of the
invention the pulse rate sensor 64 need not form part of the
monitor 50 as such, with instead the monitor 50 being
arranged to obtain information on the pulse rate of the subject
from a separately provided pulse rate sensor 64.

[0058] The flow chart in FIG. 5 illustrates a method of
obtaining a measurement of the blood pressure of a subject
during inflation of a cuff according to the invention. This
method can be implemented by a NIBP monitor 50 as shown
inFIG. 4, and it will be appreciated that in some embodiments
the NIBP monitor 50 can comprise computer program code
for enabling the control unit 62 to perform the method.
[0059] In the first step, step 131, the pulse rate sensor 64 is
used to obtain a measurement of the pulse rate of the subject.
This step is first performed at the start of the BP measurement
process, preferably just prior to starting the inflation of the
cuff 58 by pump 52, although in some embodiments it can be
performed as, or just after, inflation of the cuff58 is started. In
any case, the measurement of the pulse rate is available much
earlier in the process than in the exemplary method above in
which the pulse rate information has to be derived from the
pressure signal.

[0060] Once the measurement of the pulse rate has been
obtained, the filter that is applied to the pressure signal as part
of the process for determining the BP measurement is adapted
according to the pulse rate measurement (step 133). As in the
method of FIG. 3, in step 133 the filter can be a high-pass
filter, similar to the high-pass filter used in the traditional
oscillometric method. The pulse rate (PR) is used to adapt the
frequency characteristics of the filter, e.g. the cut-off fre-
quency. In some embodiments, the cut-off frequency can be
set to the heart rate (e.g. 60 beats per minute, bpm=1 Hz), but
in other embodiments the cut-off frequency may be set
(slightly) higher or lower than the heart rate (depending on
details of the filter design and other processing steps). Gen-
erally, the higher the heart rate, the higher the cut-off fre-
quency of the filter (and vice versa). In one example, a basic
moving average filter is used, whereby the width of the aver-
aging window is set to correspond to the heart period (=1/PR).
Running this filter over the pressure signal returns a low-pass
filtered pressure signal, which is then subtracted from the
original pressure signal to obtain the high-pass filtered pres-
sure signal.

[0061] The inflation of the cuff 58 is started (step 135) and
a pressure signal representing the pressure in the cuff 58 is
obtained (step 137).

[0062] Next, this pressure signal is filtered using the
adapted filter (step 139). This filtering is performed during
inflation of the cuff 58, and preferably in real time as the
pressure signal is obtained (or as near to real time as is
possible). The filtered pressure signal is then analyzed to
determine the BP measurement (step 141). Those skilled in
the art will be aware of various techniques for performing this
analysis, and therefore further details are not provided herein.
Again, this step is performed during inflation of the cuff 58,
and preferably in real time (or as near to real time as is
possible).

[0063] If a BP measurement cannot be obtained from the
pressure signal (e.g. if the pressure in the cuff 58 has not yet
reached the systolic blood pressure in the subject), then fol-
lowing step 143 the inflation of the cuff 58 continues and the
method returns to step 137 where the pressure signal contin-
ues to be obtained, filtered and analyzed. Ifa BP measurement
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is obtained in step 141, the method passes to step 145 in which
the inflation of the cuft 58 is stopped and the deflation of the
cuff 58 is started (e.g. by opening valve 56). Since the BP
measurement has been obtained, the deflation is preferably
performed as fast as possible. The deflation is preferably
initiated as soon as or immediately after the BP measurement
has been obtained. The BP measurement can be reported to
the subject, other operator of the monitor 50 or a remote
computer or base unit that collates and stores the BP mea-
surement information for the subject.

[0064] The graph in FIG. 6 illustrates the reduction in mea-
surement time and maximum pressure that is possible with an
external heart rate (HR)/pulse rate measurement according to
the invention shown in FIG. 5. It can be seen that if the heart
rate information is obtained from the pressure signal itself, by
the time the heart rate information has been derived, the
pressure in the cuff may have already exceeded that required
to complete the BP measurement, which leads to a longer
measurement time and higher peak pressure in the cuff than is
required.

[0065] Instead, by obtaining the heart rate information (par-
ticularly the pulse rate of the subject) from a different, sepa-
rate sensor 64 (and therefore not from the pressure signal), the
heart rate information is available continuously throughout
the inflation of the cuft'58, which means that the processing of
the pressure signal to obtain the BP measurement can start as
soon as the inflation of the cuff 58 starts (and thus always
starts before the systolic pressure is reached in the cuff 58)
and therefore the BP measurement can be obtained at the
earliest opportunity.

[0066] In some embodiments, since the pulse rate of the
subject can change over the course of the BP measurement
process, the pulse rate sensor 64 can also be used to obtain
measurements of the pulse rate of the subject during inflation
of the cuff 58, and those measurements can be used to adapt
the filter to the current pulse rate of the subject. This helps to
ensure that the filter is up to date for the current pulse rate of
the subject and therefore provide a BP measurement that is as
accurate as possible.

[0067] Insomeembodiments, if for any reason the analysis
in step 141 is unable to obtain a BP measurement (or a BP
measurement that is reliable), for example if the subject
moves during the measurement process or experiences an
arrhythmia, the control unit 62 can control the NIBP monitor
50 to perform a conventional deflation-based BP measure-
ment. Thus, when the systolic pressure has been exceeded (or
when a preset maximum inflation pressure has been reached
without being able to obtain a BP measurement) the control
unit 62 can control the pump 52 to stop inflating the cuff 58,
and operate the valve 56 to release pressure from the cuff 58
in a controlled manner. The pressure signal from the pressure
sensor 54 obtained while the cuff 58 deflates is analyzed by
the control unit 62 using a conventional deflation-based algo-
rithm to determine the blood pressure of the subject.

[0068] There is therefore provided an NIBP monitor and a
method of operating the same that measures the blood pres-
sure of a subject during inflation of the cuff and that is more
comfortable for the subject than measurements made accord-
ing to conventional methods or by conventional monitors.
[0069] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments.
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[0070] Variations to the disclosed embodiments can be
understood and effected by those skilled in the art in practic-
ing the claimed invention, from a study of the drawings, the
disclosure and the appended claims. In the claims, the word
“comprising” does not exclude other elements or steps, and
the indefinite article “a” or an does not exclude a plurality. A
single processor or other unit may fulfil the functions of
several items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent claims
does not indicate that a combination of these measures cannot
be used to advantage. A computer program may be stored/
distributed on a suitable medium, such as an optical storage
medium or a solid-state medium supplied together with or as
part of other hardware, but may also be distributed in other
forms, such as via the Internet or other wired or wireless
telecommunication systems. Any reference signs in the
claims should not be construed as limiting the scope.

1. A method of obtaining a measurement of the blood
pressure of a subject using a non-invasive blood pressure,
NIBP, monitor and including using a pulse rate sensor, a cuff
that is to be placed around a limb of the subject and a pressure
sensor for measuring the pressure in the cuff, wherein the
pulse rate sensor is a different sensor to the pressure sensor,
the method comprising:

using the pulse rate sensor to obtain information on the

pulse rate of the subject;

adapting a pressure signal filter according to the obtained

information on the pulse rate of the subject;

starting inflation of the cuff;

obtaining a pressure signal using the pressure sensor, the

pressure signal representing the pressure in the cuff as
the cuff is inflated;

filtering the pressure signal using the adapted pressure

signal filter during inflation of the cuff; and

processing the filtered pressure signal to obtain a blood

pressure measurement for the subject during inflation of
the cuff.

2. A method as claimed in claim 1, wherein step of using
the pulse rate sensor to obtain information on the pulse rate of
the subject is performed prior to starting the inflation of the
cuff.

3. A method as claimed in claim 2, wherein the step of
adapting the pressure signal filter is performed prior to start-
ing the inflation of the cuff.

4. A method as claimed in claim 2, wherein the steps of
using the pulse rate sensor to obtain information on the pulse
rate of the subject and adapting the pressure signal filter are
also performed during inflation of the cuff.

5. A method as claimed in claim 1, the method further
comprising the step of deflating the cuff once the blood pres-
sure measurement has been obtained.

6. A method as claimed in claim 1, the method further
comprising the step of performing a measurement of the
blood pressure during deflation of the cuff if the step of
processing the filtered pressure signal to obtain a blood pres-
sure measurement for the subject does not provide a measure-
ment of the blood pressure or an acceptable measurement.

7. A method as claimed in claim 1, wherein the step of
adapting the pressure signal filter comprises adapting the
frequency characteristics of the filter according to the
obtained information on the pulse rate of the subject.

8. A computer program product comprising a computer
readable medium having computer readable code embodied
therein, the computer readable code being configured such
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that, on execution by a suitable computer, processor or control
unit that is for use with a non-invasive blood pressure, NIBP,
monitor and including use of a pulse rate sensor, a cuff that is
to be placed around a limb of the subject and a pressure sensor
for measuring the pressure in the cuff, wherein the pulse rate
sensor is a different sensor to the pressure sensor, the com-
puter, processor or control unit is caused to perform the
method of claim 1.

9. A non-invasive blood pressure, NIBP, monitor for mea-
suring the blood pressure of a subject, the NIBP monitor
comprising:

a control unit that is configured to:

obtain information on the pulse rate of the subject from a

pulse rate sensor;

adapt a pressure signal filter according to the obtained

information on the pulse rate of the subject;

control a pump to start inflating a cuff;

obtain a pressure signal using a pressure sensor, the pres-

sure signal representing the pressure in the cuff as the
cuff is inflated;

filter the pressure signal using the adapted pressure signal

filter during inflation of the cuff; and

process the filtered pressure signal to obtain a blood pres-

sure measurement for the subject during inflation of the
cuff;

wherein the pulse rate sensor is a different sensor to the

pressure sensor.
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10. A NIBP monitor as claimed in claim 9, wherein the
NIBP monitor further comprises a pulse rate sensor for mea-
suring the pulse rate of the subject and for providing infor-
mation on the pulse rate to the control unit.

11. A NIBP monitor as claimed in claim 9, wherein the
control unit is configured to obtain the information on the
pulse rate of the subject prior to controlling the pump to start
inflating the cuff.

12. A NIBP monitor as claimed in claim 11, wherein the
control unit is configured to adapt the pressure signal filter
prior to controlling the pump to start inflating the cuff.

13. A NIBP monitor as claimed in claim 11, wherein the
control unit is further configured to obtain information on the
pulse rate of the subject from the pulse rate sensor and to
adapt the pressure signal filter during inflation of the cuff.

14. A NIBP monitor as claimed in claim 9, wherein the
control unit is configured to adapt the pressure signal filter by
adapting the frequency characteristics of the filter according
to the obtained information on the pulse rate of the subject.

15. A NIBP monitor as claimed in claim 9, wherein the
NIBP monitor further comprises:

a cuff}

a pump for inflating the cuff; and

a pressure sensor for measuring the pressure in the cuff and

for outputting a pressure signal representing the pressure
in the cuff to the control unit.
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