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(57) ABSTRACT

The present invention relates to an improved non-invasive
sphygmomanometer which is able to calculate the quality of
a blood pressure reading and display quality information to
the user. More specifically the invention relates to a sphyg-
momanometer and the use of oscillometric readings to calcu-
late the quality of the readings, and a quality indicator device
for use with the same. The invention uses the identified rela-
tionship between the waveform quality from recorded oscil-
lometric pulses and blood pressure (BP) measurement error.
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IMPROVED SPHYGMOMANOMETER
CAPABLE OF DISPLAYING THE QUALITY
OF BLOOD PRESSURE READINGS

[0001] The present invention relates to an improved non-
invasive sphygmomanometer which is able to calculate the
quality of a blood pressure (BP) reading and display quality
information to the user. More specifically the invention
relates to a sphygmomanometer which uses an inflatable cuff
to measure BP and which calculates the quality of the read-
ings, and a quality indicator device for use with the same.
[0002] High blood pressure (BP) is one of the leading car-
diovascular risk factors for coronary artery disease, conges-
tive heart failure, renal disease and stroke. Despite the impor-
tance of BP measurement. and its very widespread use, it is
generally accepted that it is one of the most poorly performed
diagnostic measurements clinical practice (from the Ameri-
can Heart Association (AHA), and British and

[0003] European Hypertension Societies (BHS, ESH)).
The most noted comment from clinicians and nurses is that
consecutive manual BP measurements in the same individual
vary significantly. Previous studies have shown that auscul-
tatory BP is affected by different measurement conditions,
and a consecutive manual BP difference of 10 mmHg could
be easily obtained from the same subject if the measurement
conditions are not well controlled, explaining why erroneous
readings are regularly obtained, particularly as the aim is to be
accurate to 2 mmHg, as indicated on BP measurement dis-
plays. However, a single BP measurement is often used to
determine treatment, in spite ofhigh variability between mea-
surements.

[0004] Sphygmomanometers or blood pressure monitors
are well known in the art. Typically they comprise an inflat-
able cuff, most commonly for positioning around a patient’s
upper arm at approximately heart height (although in some
cases they can be positioned around a patient’s wrist or fin-
ger), a pressure gauge or transducer for measuring cuff pres-
sure readings and a mechanism for inflating the cuff'to restrict
blood flow. There is also a valve to allow deflation of the cuff.
[0005] Traditional sphygmomanometers are manual and
used by trained practitioners to measure and determine the
blood pressure of a patient. These devices use a stethoscope
for auscultation and require significant training. They must be
used in quiet surroundings to allow the practitioner taking the
reading to hear the characteristic sounds. Mercury sphygmo-
manometers of this type are considered to be the “gold stan-
dard” for sphygmomanometers providing the most accurate
and reproducible blood pressure measurements.

[0006] More recently, automated electronic or digital
sphygmomanometers have been developed and are com-
monly used both in doctors’ surgeries, hospitals and at home
by patients. Automated devices use electronic calculation of
oscillometric measurements to determine HP rather than aus-
cultation and as such can be used without significant training,
unlike manual sphygmomanometers. They can also be used
in a greater range of environments as it is not necessary for the
environment to be quiet to obtain the reading.

[0007] Automated devices, which utilise the oscillometric
technique, measure and calculate systolic and diastolic pres-
sure from the measured empirical oscillometric parameters
and the estimated mean arterial pressure. When blood pumps
through the arteries of a patient this causes the arteries to flex
and pulse. The flexing is due to pressure variations and these
variations will pass from the arteries through the arm of the
patient (or in some cases wrist or finger) and into an associ-
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ated pressurised cuff where, although they are small, they can
be sensed by a pressure transducer or gauge. The pulses at
various cuff pressures, often referred to as complexes, have
peak to peak pressure changes which are minimal when the
cuff pressure itself is either above systolic pressure or below
diastolic pressure, whist the amplitude of the complexes rises
to a maximum value when the cuff pressure reaches the mean
arterial pressure. The amplitudes of those cuff pressure com-
plexes equivalent to systolic and diastolic pressures have an
approximately fixed relationship to the maximum value. The
oscillometric method therefore uses amplitude measure-
ments of detected complexes at various cuff pressures. In
some cases the cuff pressures are increased in increments
until the required readings are obtained, whilst in other cases
the cuff is first taken to a high pressure then decreased in
increments until the required readings are obtained. It is also
possible to provide a smooth rather than incremental pressure
reduction. These techniques and the associated algorithms for
determining mean arterial pressure, systolic pressure and
diastolic pressure are well known in the art.

[0008] Although automated digital sphygmomanometers
have significant ease of use benefits when compared to “gold
standard” mercury sphygmomanometers, it has been well
documented that there are problems with the accuracy and
reproducibility of blood pressure readings taken with digital
sphygmomanometers.

[0009] Infact, even the gold standard sphygmomanometers
can themselves be inaccurate if the quality of the data
obtained is less than ideal. This is a real concern as it may lead
to patients either incorrectly being given medication that they
do not require or having medication withheld in a case where
it would be beneficial.

[0010] Itis well known in the art that the quality of blood
pressure measurement can be affected by many things regard-
less of whether the device used is manual or automated. For
example, incorrect cuff placement or patients moving or talk-
ing whilst the measurements are being taken can seriously
impact the quality of the reading leading to artefacts being
superimposed on the oscillation signal and an incorrect blood
pressure measurement being obtained. Currently it is very
difficult for a user to determine whether a good quality read-
ing, i.e. an accurate reading has been taken.

[0011] A number of prior art devices and methods attempt
to identify and remove any artefacts from the signal so as not
to distort the calculations; however it has been found that this
does not work particularly effectively, particularly in older or
very ill patients.

[0012] Ttis an object of the present invention to obviate or
mitigate one or more of the problems associated with both
manual and automated sphygmomanometers.

[0013] Throughout this document reference to an auto-
mated sphygmomanometer relates to both fully automatic
devices where the inflation and deflation of the cuff is elec-
tronically controlled e.g. by an electronically operated pump
and valve, and to semi-automatic devices where the cuff is
inflated by hand using a pumping ball.

[0014] Theterms oscillometric envelope, envelope of oscil-
lometric pressure or envelope of oscillometric data refer to
the amplitudes of oscillations verses the instantaneous pres-
sure in the blood pressure cuff. For healthy patients with a
constant reduction in cuff pressure, the shape of the oscillo-
metric envelope can be Gaussian; however this can change,
for example stiffened arteries may flatten the curve.
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[0015] According to a first aspect of the present invention
there is provided a sphygmomanometer quality indicator for
manual or automated devices operable to evaluate oscillom-
etric pressure data obtained from a sphygmomanometer and
to determine the quality of said data by

[0016] obtaining oscillometric pressure data

[0017] determining the peak to peak amplitude of each
pulse to provide an envelope of oscillometric pressure
data

[0018] identifying the top of the envelope of oscillomet-

ric pressure data
[0019] normalising the pulse amplitudes associated with
the envelope of oscillometric pressure data
[0020] identifying the data points leading up to the top of
the envelope of oscillometric pressure data
[0021] fitting theidentified points to a curve with smooth
increasing and decreasing gradients
[0022] calculating the error for at least some of the
empirical readings associated with the Identified data
points
[0023] expressing the result.
[0024] The result may be displayed directly as a number or
the error may be compared to one or more predetermined
ranges to determine the quality of the data
[0025] Advantageously, the inventors have quantified the
relationship between blood pressure variability and the char-
acteristics of the small pressure pulse waveform of the oscil-
lometric envelop that is detected by the pressure gauge asso-
ciated with the cuff of a sphygmomanometer. They are then
able to calculate the quality of the data and express the quality
to the user. This will allow the user to make a decision whether
to obtain a repeat or whether the quality is sufficient for the
particular situation.
[0026] A further advantage is that by fitting the data points
to a curve rather than overlaying a predetermined curve this
allows for variance in how the reading is obtained, allowing
for readings being taken over incremental cuff pressure
Increases or decreases or smooth pressure increases or
decreases and also for variance between patients.
[0027] Preferably the curve with smooth increasing and
decreasing gradients is a polynomial curve.
[0028] Preferably the identification of the data points lead-
ing up to the top of the envelope of oscillometric pressure data
identifies points up to 80% of the maximum.
[0029] Advantageously by identifying points up to 80% of
the maximum this allows for curve fitting to then be carried
out without the peak of the curve distorting or “pulling” the
data.
[0030] Optionally a plurality of theoretical lower end
points are computed and included before the points are fitted
to a curve.
[0031] The benefit of including theoretical lower points at
an approximation of high cuff pressure is that a flattened start
can be artificially included which improves the accuracy of
fitting of a polynomial curve to the points.
[0032] Preferably between two and thirty theoretical points
are added to the envelope at the high cuff pressure.

[0033] Preferably a polynomial curve is fitted to the data
points.
[0034] Most preferably the order of the polynomial curve is

3 order or higher. 4™ order is preferred to obtain an appro-
priate quality index without forcing the curve to fit to pour
quality variations that would come from a higher order curve.

Sep. 1,2016

[0035] Preferably the quality indicator is adapted to work
with existing sphygmomanometers.
[0036] Optionally the quality indicator device is associated
with a visual or audible quality display which expresses to the
user the quality of the data as determined by the quality
indicator device.
[0037] According to a second aspect of the present inven-
tion there is provided a sphygmomanometer operable to
evaluate oscillometric pressure data from the sphygmoma-
nometer being attachable to an inflatable/deflatable cuff and
attachable inflating apparatus selectively able to apply fluid to
the cuff'to pressurise it; the sphygmomanometer, comprising;
[0038] a pressure sensor able to record cuff pressure and
variances therein;
[0039] a quality indicator device as in the first aspect pro-
grammed to evaluate oscillometric pressure data and cuff
pressure data obtained from the pressure sensor and to deter-
mine the quality of said data by
[0040] determining from the oscillometric pressure data
the peak to peak amplitude of each pulse to provide an
envelope of oscillometric pressure data
[0041] identifying the top of the envelope of oscillomet-
ric pressure data normalising the pulse amplitudes asso-
ciated with the envelope of oscillometric pressure data
[0042] identifying the data points leading up to the top of
the envelope of oscillometric pressure data
[0043] fitting a plurality of the identified points with
smooth increasing and decreasing gradients
[0044] calculating the error for at least some of the
empirical readings associated with the identified data
points
[0045] expressing the result.
[0046] The result may be displayed directly as a number or
the error may be compared to one or more predetermined
ranges to determine the quality of the data
[0047] Preferably the sphygmomanometer is provided with
an inflatable/deflatable cuff which has a pressure sensor asso-
ciated therewith which is able to sense and record cuff pres-
sure and variances therein.

[0048] Preferably the sphygmomanometer is provided with

inflating apparatus selectively able to apply fluid to an asso-
ciated cuff to pressurise it.

[0049] Preferably the blood pressure reading is displayed
visually.
[0050] This can be by a digital display or via a scale and

moveable indicator.

[0051] The quality indicator is achieved using a micropro-
Cessor.
[0052] Preferably the quality of the reading is expressed to

the user using a visual quality display.

[0053] Optionally the visual quality display is associated
with the blood pressure display.

[0054] Optionally the visual quality display comprises a
number of colour coded LED lights.

[0055] Most preferably the visual quality display com-
prises a linear array of up to nine colour coded LED lights
which show up to nine different qualities

[0056] Itwould be clear to a skilled person that a number of
display types could be used, e.g. lights, digital displays etc. to
show the user the quality of the data and allow them to make
a decision as to whether additional BP readings are required.
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[0057] Optionally the quality indicator device is pro-
grammed to automatically retake blood pressure readings
when the quality is determined to be below a certain thresh-
old.
[0058] According to a third aspect of the present invention
there is provided a method, which uses oscillometric data, of
determining the quality of a blood pressure reading from a
sphygmomanometer comprising;
[0059] obtaining an envelope of oscillometric data;
[0060] identifying the top of the envelope of oscillomet-
ric pressure data
[0061] normalising the pulse amplitudes associated with
the envelope of oscillometric pressure data
[0062] identifying the data points leading up to the top of
the envelope of oscillometric pressure data
[0063] fitting a plurality of the identified points with
smooth increasing and decreasing gradients
[0064] calculating the error for at least some of the
empirical readings associated with the identified data
points
[0065] expressing the result.
[0066] The result may be displayed directly as a number or
the error may be compared to one or more predetermined
ranges to determine the quality of the data
[0067] Preferably identification of the top of the envelope
of oscillometric pressure data Identifies points up to 80% of
the maximum.
[0068] Preferably between two and thirty theoretical points
arc added to the envelope at the high cuff pressure.

[0069] Preferably a polynomial curve is fitted to the data
points.
[0070] Optionally the method of the third aspect is carried

out by a computer program.

[0071] The preceding discussion of the background to the
invention is intended only to facilitate an understanding of the
present invention.

[0072] In order to provide a better understanding of the
present invention, embodiments will now be described with
reference to the following figures in which;

[0073] FIG. 1 shows an illustration of the normalised
amplitude of the extracted oscillometric envelope data and
the calculation of quality index from the recorded oscillom-
etric waveform; and

[0074] FIG. 2 shows examples of the recorded oscillomet-
ric waveforms with good quality index (A, left two sub-
figures) and poor quality index (B, right two sub-figures).
Small measurement error (0 mmHg) was obtained between
two measurements with good quality indices, however, the
poor oscillometric waveforms were associated with a large
measurement error (16 mmHg); and

[0075] FIG. 3 shows examples of waveforms from which
(A) an accurate BP reading may be obtained and (B) an
inaccurate BP reading may be obtained; and

[0076] FIG. 4 shows an example waveform from a patient
with atrial fibrillation (AF) where a curve has been fitted in
accordance with the present invention to give a poor quality
index 0f 0.1336; and

[0077] FIG. 5: shows an example waveform from a patient
with frequent ectopic beats where a curve has been fitted in
accordance with the present invention to give a poor quality
index 0f 0.1472; and

[0078] FIG. 6 shows a schematic of the LED display
[0079] Itcan be noted that these rhythms can be identified
due to specific variations in pulse amplitudes.
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[0080] Throughout the description and claims of this speci-
fication, the singular encompasses the plural unless the con-
text otherwise requires. In particular, where the indefinite
article is used, the specification is to be understood as con-
templating plurality as well as singularity, unless the context
requires otherwise.

[0081] Features, integers or characteristics, compounds
described in conjunction with a particular aspect, embodi-
ment or example of the invention are to be understood to be
applicable to any other aspect, embodiment or example
described herein unless incompatible therewith. In particular,
it will be fully understood that alternative inflation options fur
the cuff are available and that inflation and deflation may be
fully automated nr may he semi-automated with cuffinflation
being via a hand operated bulb pump. It will also be under-
stood that although the examples reference a cuff positioned
around a patient’s upper arm, any alternative cuff which is
able to detect. and utilise oscillometric data can be used; the
cuff could be adapted for use on other appropriate body parts
which allow oscillometric pressure readings to be obtained
e.g. the wrist, finger or other appropriate part of a patient.
[0082] Evidence of the Relationship between Oscillomet-
ric Waveform Quality and BP Measurement Error

[0083] The inventors carried out a study to determine
whether a relationship existed between oscillometric wave-
form quality and BP measurement error. Thirty healthy sub-
jects were studied, with details of the subjects shown in table
1.

TABLE 1

General data information for the subjects studied.

Subject information

No. subjects 30

No. male 19

No. female 11
Mean SD
Age (years) 45 12
Height (cm) 172 7
Weight (kg) 76 10
Arm circumference (cm) 29 2

[0084] For each subject, there were four identical sessions
where BP measurements were taken, separated by a time
interval of 3-4 min. The first session was regarded as a trial
session to introduce the measurement protocol to the subjects,
and was excluded from further data analysis. Within each
session, three BP measurements were respectively performed
under three different measurement conditions, with a one
minute rest interval between each. The first measurement was
under relaxing conditions by advising the subjects to close
their eyes and breathe smoothly, and the second one under
normal condition with their eyes open. For the third condi-
tion, subjects were asked to breathe more deeply and regu-
larly. To simplify the description, the three measurement con-
ditions are referred to as ‘Relaxing’, ‘Normal’ and ‘Deep
Breathing’. The conditions were designed to induce BP mea-
surement variability. In total, 270 measurements were taken
from all 30 subjects, with 9 measurements for each subject
being used.

[0085] The oscillometric pulses were extracted from the
recorded cuff pressure after segmenting each pulse and
removing the baseline cuff pressure. The segmentation bor-
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ders were at the feet of oscillometric pulses. Manual check
was also performed to ensure the correct pulse feet were
identified after the segmentation procedure. The peak of each
oscillometric pulse was then identified with its amplitude
measured. For each recording, all the oscillometric pulses
were then normalised to the maximum oscillometric pulse.
FIG. 1 shows some examples of the normalised amplitude of
the extracted oscillometric pulses as the cuff pressure was
reduced.

[0086] Thirty pulses were artificially added before the first
recorded oscillometric peak to construct a waveform with flat
feature at the very high pressure region. These added pulses
had the same peak amplitude as the first oscillometric pulse,
and the interval between any two consecutive peaks were the
same, which was referred from the value between the first and
second recorded oscillometric pulses.

[0087] A 4thorderpolynomial curve was thenused to fit the
added peaks and these recorded oscillometric pulse peaks
with their amplitudes no more than 80% of the maximum
oscillometric pulse amplitude. FIG. 1 also illustrates the fitted
polynomial curves for three example waveforms. Next, Hoot
Mean Square Error (RMSE) was calculated to quantify the
difference between the values on the fitted polynomial curve
and the peak amplitudes actually recorded, and was defined as
the oscillometric waveform quality index

[0088] In order to investigate the relationship between the
oscillometric waveform quality and measurement error (BP
difference from two measurements), any possible pairs of
quality indices and BPs (SBP and DBP) between the three
measurement conditions within the same measurement ses-
sion were used for each subject. In total, there were 270 pairs
(from 30 subjects, 3 repeated measurement sessions, and 3
pairs for each repeat). After excluding a few noisy recording,
266 pairs were left for final analysis.

[0089] Depending on the bigger value from the two quality
indices in a pair, each pair was classified to one of the 4 quality
bands (best quality; good quality; poor quality; poorest qual-
ity). They were simply represented with symbols of Vv, v/, x
and xx, and they were determined using the following criteria:

[0090] «vV—Best quality: both quality indices in a
pair<=0.035;
[0091] V—Good quality: 0.035<bigger value from the two

quality indices in a pair<=0.05;

[0092] x—Bad quality: 0.05<bigger value from the two
quality indices in a pair<=0.07,

[0093] xx—Poorest quality: bigger value from the two
quality indices in a pair>0.07.

[0094] In this particular implementation a higher index
indicates poorer quality. Here, the size of the units are very
small because they are actual measurement values. The over-
all mean and standard error of the mean (SEM) for SBP, DBP
and Quality

[0095] Index were calculated from all the subjects sepa-
rately for each measurement condition. Their values under
the normal and deep breathing conditions were compared
with those from the relaxing condition, with the mean differ-
ences calculated. All differences were paired values in each
subject.

[0096] Next, the overall mean and SD of the absolute SBP
and DBP measurement error were calculated from all the
pairs separately for each quality band. The percentage of
measurement with a high error (absolute SBP and DBP dif-
ference from a pair of measurement >10and 8 mmHg, respec-
tively) was also obtained for each quality band.
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[0097] Using the SPSS Statistics 17 software package
(SPSS Inc., USA), Repeated Measures Analysis of Variance
was performed to study the measurement repeatability and
the effect of measurement condition on SBP, DBP and Qual-
ity Index. In this analysis, each subject was his or her own
control. The post-hoc Fisher’s least significant difference
(LSD) test was used to make individual comparison between
means. A P value below 0.05 was considered statistically
significant.

[0098] From this study it has been possible for the inventors
to identify that there is a correlation between the repeatability
of ablood pressure reading and the quality of the envelope of
oscillation data, or quality of the oscillometric waveform,
obtained during the reading. FIG. 3 shows examples of enve-
lopes of oscillation data obtained from a sphygmomanometer
which would provide (A) a high quality accurate reading or
(B) a low quality inaccurate reading.

[0099]

[0100] A device according to one aspect of the present
invention is generally a sphygmomanometer which has a cuff
which in use is placed around a patient’s upper arm at
approximately heart height. The cuff comprises a transducer
or pressure gauge (not shown) which is able to detect cuff
pressure and variances therein. A hand operated bulb with an
air control valve is in communication with the cuff (for
example linked via coiled connector tubing) and can be used
to inflate the cuff by introducing air into the cuff and increas-
ing the pressure therein. The cuff also has a release valve (not
shown) which allows the cuff 2 to be deflated and thus the
pressure therein decreased. The cuff is adapted to automati-
cally deflate from approximately 200 to 10 mmHg at a rate of
2-3 mmHg/s. The cuff is also in communication with a pres-
sure display which displays the pressure readings from the
cuff 2. This pressure display is shown as a scale and pointer
butit could for example be a digital display. The cuff'is also in
communication with a quality indicator device, described in
more detail below, and a display.

[0101]

[0102] Thedevice 1 also contains a control microprocessor
5 which is able to digitally capture and record the pressure
readings obtained from the pressure gauge. The data is cap-
tured at a sample rate of 2000 Hz.

[0103] The device is programmed to first extract and nor-
malise the oscillometric pulse data. The oscillometric pulses
are extracted from the recorded cuff pressure after segment-
ing each pulse and removing the baseline cuff pressure The
segmentation borders are taken as being at the feet of oscil-
lometric pulses. The peak of each oscillometric pulse is then
identified and its amplitude measured. All of the oscillometric
pulses are then normalised to the maximum oscillometric
pulse.

[0104] In circler to improve the curve fitting, a preferred
version of the quality indicator device is programmed to
artificially add pulses to result in a waveform construct with a
flattened base. Thirty pulses are artificially added before the
first recorded oscillometric peak to construct a waveform
with flat feature at the very high pressure region. It will be
appreciated that an alternative number of artificial pulses
could be included. These added pulses have the same peak
amplitude as the first oscillometric pulse, and the interval
between any two consecutive peaks is the same, which was
referred from the value between the first and second empiri-
cally recorded oscillometric pulses.

Improved Sphygmomanometer

Quality Indicator Device
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[0105] A3 or4™ order polynomial curve is then used to fit
the added peaks and the recorded oscillometric pulse peaks.

[0106] Root Mean Square Error (RMSE) is then calculated
to quantify the difference between the values on the fitted
polynomial curve and the empirical peak amplitudes actually
recorded, (for each oscillation the systolic BP and the dias-
tolic BP are recorded) to give an oscillometric waveform
quality index.

[0107] Inoneembodiment the quality is classified into four
groups depending on the quality indices;

[0108] Best quality: quality indices<=0.035;

[0109] Good quality: 0.035<quality indices<=0.05;
[0110] Bad quality: 0.05<quality indices<=0.07,

[0111] Poorest quality: quality indices>0.07.

[0112] It would be clearly appreciated that fewer or addi-

tional predetermined ranges of error values could be included
to allow alternative classification of the data. In a particularly
preferred embodiment there are nine predetermined ranges or
classes into which the error value may fall.

[0113] In particular; a device with 9 LEDs is envisaged
where each LED relates to a predetermined range. LEDs may
be equally arranged with the quality index from 0 to 1, with
the range of 0.125 for each. It would be understood that the
number and extent of the ranges could easily be altered.

[0114]

[0115] Theresults of the quality index are then expressed to
the user. This may be by any appropriate mechanism, how-
everitis envisaged thata visual representation would be used.
A preferred option would be to provide an array of nine LEDs
in a linear formation (FIG. 6). These would be arranged as
three green LEDs (A, B and C), followed by three amber
LEDs (D, E and F) followed by three red LEDs (G, H and I).
Although the colours are not shown clearly in the figures, it
would be appreciated by a skilled user that any colour com-
bination could be used. The quality indicator device operates
the LED array and will express the quality data by turning on
an appropriate light in response to the quality of the reading.
Higher quality of the data (which will occur when there are
minimal deviations between the empirically obtained data
points and the fitted curve) will turn on one of the green LEDs
where LED A indicates the highest quality data, LED B the
next best and LED C the third best quality. The lowest pour
quality readings being visually expressed as a single red LED
turning on, where LED 1 indicates the poorest quality data.
Mid quality readings will illuminate one of the three amber
LEDs D, EorF, LED D indicating better quality data than F.
This will allow a user a very clear visual representation of the
quality of the blood pressure reading that is taken. They can
then decide on the basis of the quality reading whether to take
a second blood pressure measurement or whether it is fit for
purpose (it will be appreciated that there are some situations
where a very accurate reading is essential, whilst in other
cases some margin of error will he accepted).

[0116] It has been noted by the inventors that there is a
particular benefit with the present invention when patients
have irregular heartbeats. FIGS. 4 and 5 show oscillometric
waveform data from patients with atrial fibrillation (AF)
(FIG. 4) and ectopic beats (FIG. 5). It can be seen that in each
case arelatively large quality index value is obtained which is
can indicate an abnormality which may not be otherwise be
recognised.

Display
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[0117] Ttis also envisaged that the use of sphygmomanom-
eters including the quality indicator device of the present
invention would be very useful in training situations.

1. A sphygmomanometer quality indicator operable to
evaluate oscillometric pressure data obtained from a sphyg-
momanometer and to determine the quality of said data by

obtaining oscillometric pressure data

determining the amplitude of each pulse to provide an
envelope of oscillometric pressure data

identifying the top of the envelope of oscillometric pres-
sure data

normalising the pulse amplitudes associated with the enve-
lope of oscillometric pressure data

identifying the data points leading up to the top of the
envelope of oscillometric pressure data

fitting the identified points to a curve with smooth increas-
ing and decreasing gradients

calculating the error for at least some of the empirical
readings associated with the identified data points

expressing the result directly as a number or by comparing
the error to one or more predetermined ranges to deter-
mine the quality of the data.

2. A sphygmomanometer quality indicator as in claim 1
wherein the identification of data points leading up to the peak
point identifies points up to 80% of the maximum.

3. A sphygmomanometer quality indicator as in claim 1
wherein a plurality of theoretical lower end points are com-
puted and included before the points are fitted to a curve.

4. A sphygmomanometer quality indicator as in claim 3
wherein between two and thirty theoretical points are added
to the envelope at the high cuff pressure.

5. A sphygmomanometer quality indicator as in claim 1
wherein a polynomial curve is fitted to the data points.

6. A sphygmomanometer quality indicator as in claim 5
wherein the data points are fitted to a polynominal curve

7. A sphygmomanometer quality indicator as in claim 1
wherein the quality indicator device is adapted to work with
existing sphygmomanometers.

8. A sphygmomanometer quality indicator as in claim 1
wherein the quality indicator is associated with a quality
display which expresses to the user the quality of the data as
determined by the quality indicator.

9. A sphygmomanometer operable to evaluate oscillomet-
ric pressure data, the sphygmomanometer being attachable to
an inflatable/deflatable cuff and attachable to inflating appa-
ratus selectively able to apply fluid to the cuff to pressurise i,
the sphygmomanometer comprising;

apressure sensor able to record cuff pressure and variances
therein;

a quality indicator device as in claim 1;

a quality display which expresses to the user the quality of
the data as determined by the quality indicator device;
and

a blood pressure display adapted to display blood pressure
information.

10. A sphygmomanometer as in claim 9 which is provided
with an inflatable/deflatable cuff which has a pressure sensor
coupled thereto which is able to record cuff pressure and
variances therein.

11. A sphygmomanometer as in claim 9 which is provided
with inflating apparatus selectively able to apply fluid to an
associated cuff to pressurise it.

12. A sphygmomanometer as in claim 9 further comprising
a blood pressure display.
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13. A sphygmomanometer as in claim 9 wherein the quality
indicator device is a microprocessor.

14. A sphygmomanometer as in claim 9 wherein the quality
of the reading is expressed to the user using a visual quality
display.

15. A sphygmomanometer as in claim 14 wherein the
visual quality display is associated with the blood pressure
display.

16. A sphygmomanometer as in claim 14 wherein the
visual quality display comprises a number of colour coded
LED lights.

17. A sphygmomanometer as in claim 15 wherein the
visual quality display comprises a linear array of nine colour
coded LED lights.

18. A method of determining the quality ofa blood pressure
reading from a sphygmomanometer which uses oscillometric
data, comprising:

obtaining an envelope of oscillometric data;

identifying the top of the envelope of oscillometric pres-

sure data

normalising the pulse amplitudes associated with the enve-

lope of oscillometric pressure data

identifying the data points leading up to the top of the

envelope of oscillometric pressure data

fitting a plurality of the identified points to a polynomial

curve
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calculating the error for at least some of the empirical
readings associated with the identified data points

comparing the error to one or more predetermined ranges
to determine the quality of the data.

19. A method of determining the quality of a blood pressure
reading as in claim 18 wherein the identification of the data
points leading up to the top of the envelope of oscillometric
pressure data identifies points up to 80% of the maximum.

20. A method of determining the quality of'a blood pressure
reading as in claim 18 wherein a plurality of theoretical lower
end points are computed and included before the points are
fitted to a curve.

21. A method of determining the quality of'a blood pressure
reading as in claim 20 wherein between two and thirty theo-
retical points are added to the envelope at the high cuff pres-
sure.

22. A method of determining the quality of'a blood pressure
reading as in claim 18 wherein a polynomial curve is fitted to
the data points.

23. A method of determining the quality of a blood pressure
reading as in claim 18 wherein the method is carried out by a
computer program.

24. A method of determining the quality of'a blood pressure
reading as in claim 18 for the identification of irregular heart
beats in a patient.
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