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(57) A method (10) for analyzing blood pressure
measurements to determine any contextual or measure-
ment tester related cause of the outlier. The method com-
prises identifying an obtained measurement as an outlier
by comparing it with historical measurements for the sub-
ject. Any possible contextual cause of the outlier is first
determined based on data in a database of contextual
data for the subject. A database of historical measure-
ment data for the tester who collected the measurement
is then accessed and adetermination made as towhether

the outlier is attributable to the tester. Finally, the meas-
urement, outlier status and any identified contextual or
outlier-attributable cause are output. In embodiments,
the measurement may be appended to a database, la-
belled as a true measurement and/or labelled with a
cause for outlier status. Appending as a true measure-
ment may be performed dependent on no determination
being made of a contextual or tester-related cause of the
outlier.
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Description
FIELD OF THE INVENTION

[0001] This invention relates to a method and system
for analyzing blood pressure measurements, to identify
outliers.

BACKGROUND OF THE INVENTION

[0002] Blood pressure is a widely measured vital sign
of patients. It can be measured in a hospital or clinical
environment, or alternatively at a patient’'s home using a
remote monitoring system.

[0003] It is common for healthcare professionals to
measure blood pressure inaccurately. Indeed, clinical re-
search has shown that only a small percentage of health-
care professional staff are able to measure blood pres-
sure accurately (Mohan et al. Office blood pressure
measurement practices among community health pro-
vides (medical and paramedical) in northern district of
India. Indian Health Journal. 2014.; Jones et al. Measur-
ing blood pressure accurately: new and persist challeng-
es. JAMA, 2003).

[0004] The mostcommon errors made by staffinclude:
applying the blood pressure cuff incorrectly, incorrect pa-
tient position, not measuring both arms, not measuring
after appropriate rest, not measuring with the subject’'s
arm at the right position, and not measuring in the ab-
sence of external stressors.

[0005] Inaccuracy in measuring blood pressure meas-
urements can lead to incorrect diagnosis of hypertension.
Atthe same time, wrongly dismissing unusual results can
also be dangerous, leading to missing key indicators of
serious medical conditions.

[0006] Means for reliably distinguishing between inac-
curate measurements and outlier results indicative of
genuine changes in patient condition are therefore gen-
erally required.

SUMMARY OF THE INVENTION

[0007] The invention is defined by the claims.

[0008] According to examples in accordance with an
aspectofthe invention, thereis provided a blood pressure
measurement analysis method, comprising:

obtaining a blood pressure measurement for a sub-
ject, the measurement being associated with a
known tester who performed the measurement;
comparing the measurement with historical meas-
urements for the subject stored in a database, and
determining based on this whether the obtained
measurement is an outlier for the subject;

in the case the measurementis an outlier, accessing
a database of contextual data for the subject, per-
taining to contextual factors which have an effect on
blood pressure, and determining based on this any
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contextual cause of the outlier measurement;
atleastin the case of no contextual cause, accessing
historical measurement data for the tester in a data-
base, and determining based on this whether the
outlier is attributable to the tester;

generating output information indicative of an outlier
status of the measurement, and any determined con-
textual and/or tester attributed cause.

[0009] The invention hence makes use of databases
of historical data for both the subject/patient and the test-
er who collects the blood pressure measurement, and
contextual data for the subject to reliably derive whether
an obtained measurement is an erroneous outlier or a
true outlier measurement that should be actioned.
[0010] It has not previously been considered in partic-
ular to consult prior measurement data for the tester who
collects the reading. By including this step, the chances
of dismissing a genuine unusual result are greatly re-
duced, as it can readily be seen whether the tester has
a history of collecting deviant results for example.
[0011] Using the particular combination of patient his-
torical measurement data, contextual data and tester his-
torical measurement data has not before been consid-
ered and provides for significantly improved medical out-
comes for patients by permitting each outlier measure-
ment to be reliably categorized or filtered in terms of its
likely cause, thereby ensuring that appropriate clinical
responses to unusual measurements can be putin action
rapidly.

[0012] Forexample,embodimentsoftheinvention per-
mit rejecting of outlier measurements which are attribut-
able to external factors (context or tester) and not health
related factors. This thereby avoids inaccurate medical
diagnoses which could lead either to unnecessary treat-
ment, which can be deleterious to health, or lack of re-
quired treatment which can lead to escalation of genuine
health issues.

[0013] The method itself in no embodiment ascribes
any medical diagnostic attribution to an obtained meas-
urement. Embodiments of the invention merely provide
atool for identifying certain possible non-medical causes
for a measurement, with doctors or nurses then left to
make any medical diagnostic judgments, these now be-
ing made on the basis of a more reliably accurate set of
clinical data.

[0014] According to certain examples for instance, in
the event that no contextual or tester-attributable cause
is identified for an outlier measurement, the measure-
ment may be exported to a measurement database, and
labeled as a true measurement. Hence where no likely
external cause is found, the method results in treating
the measurement as genuine, allowing medical action to
be taken with confidence that the measurement is not
erroneous. Speed of medical response can thereby be
increased, since doubt as to validity of the outlier meas-
urement is reduced.

[0015] In some cases, the measurement may be ex-
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ported, labelled as a true measurement m in the case
that there is no contextual or tester-attributable cause of
the measurement.

[0016] In either case, in the contrary case that a con-
textual or tester-attributable cause is identified for an out-
lier measurement, the method may comprise: exporting
the measurement to a measurement database, labelled
with the cause, or, alternatively, discarding the measure-
ment.

[0017] Hence, where an external cause for the outlier
measurement is identified, the measurement can be
treated as a potentially erroneous measurement, allow-
ing the medical response to be adapted accordingly. In
particular, unnecessary treatment can be avoided in re-
sponse to the measurementsinceitis either labelled (e.g.
flagged) as a deviant measure with a likely external
cause, or simply discarded so that the measurement is
never taken into account in diagnostic decision making.
[0018] Discarding the measurement may comprise for
example deleting the measurement and/or requesting a
user repeat the measurement, or exporting the measure-
ment to a separate database for erroneous measure-
ments, such as an archive database. This permits in ei-
ther case that clinical decisions are not made based on
the measurement, by excluding the measurement from
any database of genuine measurements which is used
for clinical decision making.

[0019] According to any embodiment, the generated
output information may comprise the measurement, la-
belled with the determined outlier status, and any deter-
mined contextual and/or tester attributed cause.

[0020] Insome examples of the method, accessing the
historical measurement data for the tester may be per-
formed only in the case that no contextual cause is iden-
tified for the outlier. If a contextual cause is identified, the
measurement can already be labelled as a likely errone-
ous measurement, avoiding the need for further steps to
check for possible tester-attributable causes. This can
hence simplify the method and reduce processing com-
plexity in cases where a contextual attribution for an out-
lier measurement has been found. However, in other ex-
amples, both checks (context and tester) may be per-
formed whether a contextual cause is found or not. This
option can increase the reliability that a discarded meas-
urement does have external cause and is not a genuine
measurement. For example, both a contextual and test-
er-related cause might be found, increasing the certainty
of any judgement about the reliability of the measure-
ment.

[0021] The historical measurement data for the tester
can take different forms.

[0022] In an advantageous set of examples, the his-
torical measurement data for the tester may comprise
performance data, the performance data being indicative
of a historical accuracy of measurements of the tester.
[0023] For example, the performance data may indi-
cate a measure of an average error of measurements
taken by the tester or a distribution of their error in each
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measurement taken. Error may mean the deviation of
measurements from true measurements or measure-
ments as taken by other testers.

[0024] Forexample, the measure of average error may
be a measure of an average disparity between
measurements taken by the tester for various subjects
and measurements for the same subjects taken by other
testers and/or

measurements taken by the tester for different subjects
and historical measurements for the same subjects.
[0025] Both examples provide a sophisticated indica-
tion of likely performance or accuracy of the tester in tak-
ing measurements. The measure of disparity in each
case may for example may be a distance from the meas-
urement and an average (e.g. median or mean) value of
the distribution of the comparative measurements (either
the measurements for a given subject by other testers,
or the historical measurements of the past patients).
[0026] In the first case, a significant average deviation
in measurements from those of other testers would indi-
cate a systematic error in the measurement technique of
the tester (compared to other testers). If such a system-
atic deviation is found, it can be assumed that the meas-
urements of other testers are on average accurate. For
example, if all or most testers exhibited error in their
measurements, a systematic deviation from measure-
ments taken by other testers for the same subjects would
not be visible as the whole set of results would simply be
randomly distributed.

[0027] Inthesecondcase, ifatester has systematically
recorded results for multiple past patients which deviate
from those past patients’ historical measures, this pro-
vides an indication that the tester has some systematic
error in their measurement technique, since this result
would not normally be expected for a typical patient pop-
ulation if the tester were accurate.

[0028] Determining whether the obtained measure-
ment is attributable to a tester may in some examples
comprise determining whether the average error for the
tester exceeds some defined threshold error. The attri-
bution may be made where the threshold is exceeded.
[0029] In other case, determining whether the outlier
is attributable to the tester may comprise determining a
measure of disparity between the obtained measurement
and the historical measurements for the subject, and
comparing this with said measure(s) of average error for
the tester.

[0030] This is a more sophisticated assessment and
may provide more reliable conclusions. For example
where the newly determined disparity for the obtained
measurement matches, or is within some defined thresh-
old of, the average disparity for the tester, it can be reliably
concluded that the deviation in the new measurement is
caused by the same systematic error of the tester as has
been exhibited in the past.

[0031] If on the other hand, the disparity for the new
measurement for example is significantly greater (or sig-
nificantly lower) than the average disparity for the tester,
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itmay be an indication thatthere is some other underlying
cause for the outlier, as the degree of deviation does not
seem in accordance with the systematic error previously
shown. Hence, the chance of discarding genuine unusual
results for a patient, and hence potentially delaying es-
sential treatment, merely because the tester has a his-
torical inaccuracy can be avoided. It is checked whether
the deviation in the new measurement is or is not likely
caused by the tester’'s poor measurement performance.
[0032] Again, the measure of disparity in this case may
be a difference between the measurement and an aver-
age (e.g. median or mean) value of the distribution of
historical measurements.

[0033] According to at least one set of embodiments,
determining whether the obtained measurement is an
outlier may comprise determining a measure of disparity
between the obtained measurements and the historic
measurements for the subject and determining whether
this exceeds a defined disparity threshold.

[0034] Again, the measure of disparity in this case may
be a difference between the measurement and an aver-
age (e.g. median or mean) value of the distribution of
historical measurements.

[0035] Inexamples, the contextual information may in-
clude information indicative of one or more of: subject
medical record, subject medications, date and time of
obtained measurement, subject height, subject weight,
subject activity levels, whether subject smokes, subject
diet, subject stress levels, subject breathing rate.
[0036] The method may according to certain embodi-
ments, comprise determining a probability that the ob-
tained measurement is an outlier.

[0037] For example, determining whether the meas-
urement is an outlier may comprise determining said
probability. If the probability exceeds a defined probability
threshold, it may be determined that the measurement
is an outlier.

[0038] Additionally or alternatively, the derived proba-
bility may be output as part of the output information.
[0039] Examples in accordance with a further aspect
of the invention provide a computer program comprising
code means for implementing the method according to
any of the embodiments or examples outlined above, de-
scribed below or defined in any of the claims when said
program is run on a computer.

[0040] Examples in accordance with a further aspect
of the invention provide an analysis system, comprising:

afirstdataset storing historical blood pressure meas-
urements for one or more subjects;

a second dataset comprising historical measure-
ment data relating to historical measurements per-
formed by one or more testers; and

a processor, having access to said databases, and
adapted to:

obtain a blood pressure measurement for a sub-
ject, the measurement being associated with a
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known tester who performed the measurement,
compare the measurement with historical meas-
urements for the subject stored in said first da-
taset, and determining based on this whether
the obtained measurement is an outlier for the
subject,

in the case the measurement is an outlier, ac-
cess a further database of contextual data for
the patient, pertaining to contextual factors
which have an effect on blood pressure, and de-
termine based on this any contextual cause of
the outlier measurement,

at least in the case of no contextual cause, ac-
cess historical measurement data for the tester
from said second database, and determine
based on this whether the outlier is attributable
to the tester; and

generate output information indicative of an out-
lier status of the measurement, and any deter-
mined contextual and/or tester attributed cause.

[0041] All options described above pertaining to the
method aspect of this invention can equivalently be ap-
plied to the system aspect of the invention, and in par-
ticular may be applied in various examples and embod-
iments to the steps performed by the processor of the
system.

[0042] The blood pressure measurement may be ob-
tained for example from a data store or alternatively from
a coupled patient monitor or blood pressure sensor. The
measurement may be input manually by a user in other
examples.

[0043] The first and second datasets defined above
may be comprised by or be separate databases, or they
may be incorporated as part of a single database.
[0044] In one set of embodiments, the system further
comprises a blood pressure sensing means, communi-
catively coupled to the processor, for providing said blood
pressure measurement to the processor. Hence in this
case the system effectively provides a complete blood
pressure measurement system, including components
for both measuring blood pressure and analyzing the
measurements.

[0045] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] For a better understanding of the invention, and
to show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to
the accompanying drawings, in which:

Fig. 1 is a block diagram of an example method ac-
cording to one or more embodiments;

Fig. 2 schematically illustrates approaches for deter-
mining whether an outlier is attributable to a testing
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personnel;

Fig. 3is a block flow diagram illustrating one example
method according to one or more embodiments; and
Fig. 4 schematically depicts an example analysis
system according to one or more embodiments.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0047] The invention will be described with reference
to the Figures.

[0048] It should be understood that the detailed de-
scription and specific examples, while indicating exem-
plary embodiments of the apparatus, systems and meth-
ods, are intended for purposes of illustration only and are
not intended to limit the scope of the invention. These
and other features, aspects, and advantages of the ap-
paratus, systems and methods of the present invention
will become better understood from the following descrip-
tion, appended claims, and accompanying drawings. It
should be understood that the Figures are merely sche-
matic and are not drawn to scale. It should also be un-
derstood that the same reference numerals are used
throughout the Figures to indicate the same or similar
parts.

[0049] The invention provides a method for analyzing
blood pressure measurements to determine any contex-
tual or measurement tester related cause of the outlier.
The method comprises identifying an obtained measure-
ment as an outlier by comparing it with historical meas-
urements for the subject. Any possible contextual cause
of the outlier is first determined by accessing data in a
database of contextual data for the subject. A database
of historical measurement data for the tester who collect-
ed the measurement is then accessed and a determina-
tion made as to whether the outlier is attributable to the
tester. Finally, the measurement, outlier status and any
identified contextual or outlier-attributable cause are out-
put. In embodiments, the measurement may be append-
ed to a database, labelled as a true measurement and/or
labelled with a cause for outlier status. Appending as a
true measurement may be performed dependent on no
determination being made of a contextual or tester-relat-
ed cause of the outlier.

[0050] Nurses take blood pressure readings through-
out the day with blood pressure (BP) monitors. In home-
monitoring applications, patients may also take readings.
However, there are errors in taking the readings. Health-
care professionals can make basic errors in monitoring
BP such as mis-cuffing patients, incorrect patient posi-
tion, not measuring in both arms, not measuring after
appropriate rest, not measuring with the arm at the cor-
rect positon, and not ensuring to measure at times when
the patient is absent any external stressors.

[0051] Embodiments of the present invention provide
a method and system which can identify outlier meas-
urements and determine based on historical data wheth-
er the outlier may be attributable to poor measuring per-
formance of the person who is taking the measurement,
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or whether it may be caused by contextual factors. The
method and system is therefore able to distinguish a real
blood pressure change from a user-induced outlier and
provide feedback to health care professional staff accord-
ingly. Measurements can be filtered or labelled according
to their identified cause, to prevent false measurements
being used to inform clinical decision making. This im-
proves patient health outcomes by preventing unneces-
sary treatmentand increasing certainty of unusual meas-
urements, so that required treatment can be adminis-
tered faster.

[0052] Anexampleblood pressure measurementanal-
ysis method according to one or more embodiments is
outlined in block diagram form in Fig. 1.

[0053] The method comprises a first step of obtaining
12 a blood pressure measurement for a subject, the
measurement being associated with a known tester who
performed the measurement. In some examples, the
blood pressure measurement may be obtained from a
data store in which collected data has been (e.g. tempo-
rarily) stored. In other examples, the measurement may
be obtained from a blood pressure measurement device,
such as a blood pressure measuring cuff. The cuff may
be coupled to a system running the method. The method
may in some examples comprise controlling the blood
pressure measurement device to acquire the measure-
ment, or the method may comprise passively receiving
a measurement acquired using the device, with meas-
urement timings externally controlled, by e.g. an opera-
tor.

[0054] The measurement is associated with a tester
who performed the measurement. For example, a tester
ID may be received with the measurement value, the
tester ID being a unique identifier associated with the
tester. The tester may for instance input their tester 1D
before taking a measurement, so that it can be either
temporarily stored with the measurement, or received by
the method in combination with the measurement value.
In some examples, the tester and tester ID can be de-
tected automatically by for instance recognizing them by
means of a camera (facial recognition), the tester scan-
ning an ID badge, afinger printscanner, oran eye (retinal)
scan.

[0055] After obtaining the measurement, the method
comprises comparing 14 the measurement with historical
measurements for the subject stored in a database, and
determining based on this whether the obtained meas-
urementis an outlier for the patient. There may be a global
database in which historical measurement values for
each subject, and data associated with each tester are
stored. Alternatively, there may be a separate (dedicat-
ed) database for subject historical data. From the data-
base, a distribution of the subject’s past blood pressure
readings can be obtained or derived, and statistical anal-
ysis methods used to determine whether the newly ob-
tained measurement is within an expected range of the
past distribution, or is within an outlier zone. This will be
described in greater detail below.
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[0056] In some examples, determining whether the
measurement is an outlier may comprise determining a
probability that the measurementis an outlier. If the prob-
ability exceeds a defined probability threshold for in-
stance, it may be determined that the measurement is
an outlier.

[0057] Optionally, if the measurement is not deter-
mined to be an outlier measurement for the subject, the
measurement may at this point be stored in a measure-
ment database, comprising blood pressure measure-
ments for the patient. It may be labelled as a true meas-
urement or a normal measurement. Its non-outlier status
may be labelled. Any derived probability may also be
output as part of this output information. The measure-
ment database may be the same database as the data-
base of historical measurements for the subject, or a dif-
ferent database. For example, there may be an active
‘clinical’ database of current measurements used to store
the new measurement, and which clinicians can use to
make medical judgments. The database of past meas-
urements might be separate from this. After generating
and storing this output information 20, the method may
end, with further steps omitted.

[0058] In the case the measurement is determined to
be an outlier, however, the method further comprises a
step of accessing 16 a database of contextual data for
the patient, pertaining to contextual factors which have
an effect on blood pressure, and determining based on
this any contextual cause of the outlier measurement.
The contextual factors may include for example informa-
tion indicative of one or more of: subject medical record,
subject medications, date and time of obtained measure-
ment, subject height, subject weight, subject activity lev-
els, whether subject smokes, subject diet, subject stress
levels, subject breathing rate. These factors can affect
blood pressure readings independently of any underlying
medical cause. Ruling these out as possible causes
helps distinguish genuine changes in blood pressure
from changes due to circumstance.

[0059] Determining contextual causes for the outlier
may be based on a known or stored relationship or cor-
relation between each factor and blood pressure meas-
urements. For instance, a known general correlation be-
tween activity levels and blood pressure may be acces-
sible to the method. Based on this, and based on the
contextual data for the subject acquired from the data-
base, the method can determine whether the subject’s
activity level would normally be associated with an ex-
pected blood pressure elevated by the amount which the
subject’s blood pressure is elevated by. Activity level is
used as one example, but the same principle applies to
any other contextual factor.

[0060] The database of contextual data for the subject
may be acquired for instance via a user interface by
means of which a subject or medical personnel can man-
ually input the contextual data. This may include for in-
stance keyboard entry, or speech recognition. The data-
base may be at least partially populated based on a sub-
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ject’s medical record to which the method may have ac-
cess. A wearable device (e.g. a fitness device) may be
used to acquire some of the data, e.g. activity level, heart
rate, stress levels. The information might be input to the
database just before taking the measurement in some
examples. For example, a subject may be asked contex-
tual questions before taking the measurement, for in-
stance by a tester and the answers input through a user
interface as contextual information. Alternatively the user
may input the answers themselves.

[0061] Optionally, if a contextual cause is identified for
the outlier, the method may comprise at this stage label-
ling the data with the identified cause, and storing the
measurement, along with the cause label, in a measure-
ment database for the subject. This may be the same
measurement database as true measurements that are
not outliers are stored in, or a different database. The
measurement may be labelled as a false judgment, to
avoid it being used to make medical decisions about
treatment. Alternatively, responsive to identifying a con-
textual cause, the method may comprise discarding the
measurement (since the changes it represents are as-
sumed not be indicative of an underlying medical status
of the subject). After generating and exporting this output
information, the method may end, with no further steps
performed.

[0062] Alternatively to the above, the step of exporting
the data may be omitted until the very end of the method.
[0063] At least in the case that no contextual cause is
identified, the method further comprises accessing his-
torical measurement data for the tester (who took the
measurement) in a database, and determining 18 based
on this whether the outlier is attributable to the tester.
This step may optionally also be performed even in the
case that a contextual cause is identified, so that maximal
information can be acquired about a measurement. It
may help for instance to know that there is both a possible
contextual cause for an outlier and a possible tester-re-
lated cause, as this makes it more certain that the meas-
urement is not a reliable measurement.

[0064] Means for assessing based on the tester his-
torical data whether the tester is attributable to the outlier
will be described in greater detail below. In some exam-
ples, anaverage error ordeviation in the tester’s historical
measurements compared to measurements forthe same
patients taken by other testers may be determined or
accessed. This may indicate systematic error in meas-
urement technique. The average error may be compared
to the deviation between the current outlier and the sub-
ject’s past measurements to determine whether the two
are comparable.

[0065] If the outlier is attributable to the tester, the
method may comprise at this point labeling the measure-
ment with the identified tester-related cause and export-
ing it to a measurement database. This may be the same
measurement database as true measurements which
are not outliers are stored in, or it may be a separate
database for outlier measurements. In other examples,
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the measurement may be discarded in the case that the
tester is found to be the likely cause of the outlier meas-
urement

[0066] The method additionally comprises generating
output information 20 indicative of an outlier status of the
measurement, and any determined contextual and/or
tester attributed cause. As noted above, in some exam-
ples, this step, or parts of it may be performed earlier in
the method. The outputinformation may be a data output,
for instance in the form of a data record for exporting to
one or more databases. It may comprise the measure-
ment labelled with the determined outlier status and any
identified cause. The method may comprise exporting
the information to a database or to a local or remote data
store. If no clear cause has been identified for an outlier,
it may be labelled as a genuine measurement, or it may
be labelled simply as having no clear cause for instance.
[0067] Optionally the method may communicate the
output information to a user output device for presenting
the information as a sensory output. This may be a dis-
play for displaying the information to a user for instance,
or a speaker for communicating the information as an
audio message. The method may generate and output
a recommendation to re-take the measurement in cases
that a contextual or tester-related cause is identified, or
in cases where no cause is identified (e.g. to confirm the
unusual result).

[0068] The steps above make reference to obtaining
a single measurement. However, multiple measure-
ments may be obtained and analyzed in other examples.
[0069] Processes for determining whether a measure-
ment is an outlier, whether the measurement has a con-
textual cause, and whether the measurement has a test-
er-attributable cause will now be described in more detail.
[0070] Determining whether the obtained measure-
ment is an outlier for the subject may be achieved using
well established outlier detection methods, such as for
example density-based techniques (e.g. k-nearest
neighbor methods or local outlier factor methods). For
example, the database of historical measurements for
the subject may comprise or permit derivation of a distri-
bution of measurements for the subject over time. The
distribution would typically follow a normal distribution,
having a median center, with values distributed about
this median center. According to certain examples, the
above mentioned statistical techniques can be used to
determine whether the obtained measurementlies within
a defined expectation zone within this distribution (e.g.
within a defined confidence interval of this distribution).
The width and placement of the expectation zone may
be adjusted, to permit the method to be more or less
sensitive to deviant measurements. The expectation
zone may be defined for instance as a multiple of stand-
ard deviations away from the mean or median value of
the distribution (a z-score) If the value lies within the de-
fined expectation zone, then the value may be designat-
ed as a non-outlier measurement, and if it falls outside,
it may be designated as an outlier measurement.
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[0071] Determining whether there is a contextual
cause based on the database of contextual data may be
based for example on one or more known correlations
or associations between contextual factors and blood
pressure. The method can be made more or less sophis-
ticated.

[0072] In simple examples, there may be pre-stored
known qualitative relationships between contextual fac-
tors and blood pressure, i.e. whether a particular contex-
tual factor is known to increase blood pressure or de-
crease blood pressure. The contextual assessment step
may comprise comparing each of a set of the subject’s
contextual parameters with the known blood pressure
relations and determining based on this whether one or
more of the factors is linked with blood pressure change.
If so, and e.g. if the observed blood pressure change is
the same sign (polarity) as the expected change based
on the factor, then it may be determined that the contex-
tual factor is a cause of the outlier.

[0073] Inmore complex examples,there may be stored
quantitative relationships or correlations between a
number of contextual factors and changes in blood pres-
sure. In one set of examples, the method may compute
a deviation of the obtained measurement from the mean
or median of the subject’s historical measurements (a z-
score). The contextual assessment step may then com-
prise comparing each of a set of quantitative contextual
parameters for the subject with the known correlations
to determine whether the expected change in blood pres-
sure based on the correlation substantially matches the
observed deviation of the measurement from the sub-
ject’s personal mean. If for example, it is found that the
observed deviation is within some defined tolerance
threshold (which may be pre-set or user-configurable) of
the expected blood pressure deviation based on the sub-
ject’s contextual parameter, then it may be determined
that the outlier is caused by that contextual factor. If it is
outside of this threshold, the opposite may be concluded.
[0074] This provides a more reliable way of using the
subject’s contextual data to assess whether there is a
context-related cause of the outlier.

[0075] Other statistical approaches for performing this
step are well-known, and will be immediately apparent
to the skilled person. Any suitable alternative approach
may be used.

[0076] By way of one example, the subject may meas-
ure his or her blood pressure, which is found to be an
outlier (e.g. too high). A dataset of personal characteris-
tics for the subject is consulted, which by way of example
indicate the following information:

Subject’'s medical history: Heart failure
- Medication adherence: regular
- Body weight: increased

[0077] Based on this, the algorithm of the method may
determine that this increase in blood pressure is due to
fluid accumulation.
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[0078] The algorithm may then look for other available
contextual parameters which might further confirm this
conclusion. By way of example, the following information
is found:

- Respiration rate (acquired from Wearable device):
Elevated

[0079] From this, the method may confirm blood pres-
sure is elevated - because of congestion.

[0080] By way of one further example, the subject may
measure his or her blood pressure and again it is found
to be an outlier (too high).

[0081] Again, the algorithm consults a dataset of per-
sonal characteristics for the subject. The following infor-
mation is found:

- Subject’'s medical history: Heart failure
- Medication adherence: regular

- Body Weight: Normal

- Respiration rate: normal

[0082] Based on this information, the algorithm of the
method determines that this increase in BP is not due to
a physio-pathological change (and hence not indicative
of an underlying health issue).

[0083] Subsequently, the algorithm may in addition
perform a check or verification of one or more properties
of the measurement signal to identify any anomalies,
which may be indicative of further contextual factors re-
lated to errorin the measurement process or the recorded
data. In particular the algorithm may check for and identify
any anomalies indicative of measurement errors, for in-
stance attributable to improper attachment of a meas-
urement sensor (e.g. measurement cuff) or significant
noise in the measurement signal. In some cases, the
algorithm may access data acquired from a movement
or position sensor comprised by the measurement device
used to acquire the measurement, or mounted to the sub-
ject, for instance an accelerometer. This may provide in-
dication that the measurement sensor or the subject was
moving during taking of the measurement, or was adopt-
ing improper posture during the measurement which may
indicate that the measurement is erroneous or flawed.
Hence in either of these cases, this further contextual
data related to the measurement process itself can be
used to confirm or determine that the measurement has
a contextual related cause (and is therefore notindicative
of any underlying medical issue).

[0084] Determining whether an outlier is attributable to
a tester may be performed according to one or more ex-
amples as follows.

[0085] The obtained measurement is associated with
a known tester who took the measurement. For example,
a tester ID which uniquely identifies the tester may be
obtained in combination with the measurement. Other
related information may optionally also be known or ob-
tainable such as the day and time when the measurement
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was taken, and other relevant information such as how
many other measurements the tester took the same day,
and/or a time between measurements taken by the tester
on the day the measurement was taken. This information
may be stored in a database, and retrievable based on
the tester ID.

[0086] There may also be known a clinical status of
the tester, e.g. whether the tester is a health care pro-
fessional or not. This provides an indication as to how
well trained the tester is, and so how likely their meas-
urements are to be accurate.

[0087] A dataset of historical measurement data for
the tester is accessed and based on this, a determination
made as to whether an outlier measurement is attribut-
able to the tester.

[0088] Accordingto one approach for instance, the da-
tabase of historical data for the tester comprises perform-
ance data, indicative of a historical accuracy of meas-
urements of the tester. The performance data may indi-
cate for instance a measure of an average error of meas-
urements taken by the tester. A distribution of the tester’s
error for different measurements may be stored.

[0089] An average error of the tester cannot in general
be directly obtained, as no definite ‘true’ measurement
for a subject is in general available by which each meas-
urement which is taken by a tester can be compared and
assessed. Hence the measure of average error is in gen-
eral an estimate.

[0090] In some cases, the measure of error may be
based at least in part on a record (e.g. a count) of occa-
sions on which a tester has performed a measurement
which was subsequently repeated. Forinstance, in some
examples the system or method may prompt for a meas-
urement to be repeated in case that the measurement
was found to be an outlier attributable to contextual caus-
es, for instance related to conditions under which the
measurement was taken (e.g. poor patient posture, pa-
tient movement or poorly placed testing device). Where
a tester has a record indicating a comparatively large
number of repeated measurements (e.g. compared to
other testers, or compared to some standard bench-
mark), this may be an indication of poor tester perform-
ance. Hence the average error would be higher.

[0091] The measure of average error may comprise
an absolute count of the tester's repeated measure-
ments, or may be a percentage indicating a percentage
of measurements which were repeated for example. In
some cases, the measure may comprise a measure of
an average difference between the two (or more) ob-
tained values for each repeated measurement. Other ex-
amples for quantifying this parameter will be apparent to
the skilled person.

[0092] According to one or more further examples, the
measure of average error may comprise a measure of
an average disparity between:

(a) measurements taken by the tester for different
subjects and historical measurements for the same
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subjects and/or

(b) measurements taken by the tester for different
subjects and measurements for the same population
of subjects taken by other testers.

[0093] In either case, a distribution of the mentioned
disparity values may be stored in a database. The meas-
ure of average disparity may then be taken as the mean
or median of the distribution.

[0094] The approach indicated by (a) above is illustrat-
ed in Fig. 2(a). This schematically illustrates an example
distribution 32 of deviation scores of past measurements
for a given tester for various subjects, the deviation
scores being a deviation of each of the tester measure-
ments from an expected measurement for the subject in
question. The expected measurement may for example
be an average measurement for the subject based on
historical measurements for the subject.

[0095] Inasimplestapproach, determining whetheran
outlier measurement is attributable to a tester may com-
prise simply identifying the average error score for the
tester and determining whether this average error ex-
ceeds some defined error threshold. If it does, the tester
may be designated as a poor performer, and optionally
based on this alone the outlier measurement may be at-
tributed to the tester.

[0096] Alternatively, determining whether the outlier is
attributable to the tester may comprise determining a
measure of disparity between the newly obtained (outlier)
measurement and the historical measurements for the
subject (e.g. from a mean value of historical measure-
ments for the subject), and comparing this with the above
mentioned measure of average disparity for the tester.
The average disparity may be understood as an 'expect-
ed’ disparity for the tester. If the deviation of the obtained
measurement from the average past measurement for
the subject is within some defined tolerance or threshold
of said average disparity for the tester, then it may be
determined that the outlier is caused by the tester (since
the deviation of the measurement matches the degree
of the tester’s past demonstrated systematic error).
[0097] However, if the deviation of the obtained meas-
urement from the average past measurement for the sub-
ject is outside of a defined tolerance or threshold from
the tester’s average measurement disparity (e.g. the de-
viation is bigger or smaller than would be expected based
on the tester's past demonstrated error alone), then it
may be determined that the outlier is not caused by the
tester.

[0098] The approach indicated by (b) above isillustrat-
ed in Fig. 2(b). This differs from (a) simply in that the
average ‘error’ of the tester's measurements is assessed
not by comparison to an average historical measurement
for each patient being tested, but by comparison of the
whole set of tester measurements on a population of sub-
jects to the set of measurements taken on the same pop-
ulation of subjects by other testers.

[0099] Fig. 2(b) schematically illustrates this, illustrat-
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ing an example distribution 34 of blood pressure meas-
urements for the tester, and on the same axis an example
distribution 36 of blood pressure measurements for the
same population of subjects, taken by other testers. It
can be seen thatinthis example there is a clear deviation,
A, in the median/mean centers of the two distributions.
This deviation is taken to be the average error value for
the tester, as it indicates a systematic error or bias in the
measured values for the tester.

[0100] As with approach (a), determining whether an
outlier is attributable to the tester may comprise deter-
mining whether this average disparity value for the tester
exceeds some defined threshold. More preferably, it
comprises determining a measure of disparity between
the newly obtained measurement and the historical
measurements for the subject (e.g. from a mean value
of historical measurements for the subject), and compar-
ing this with the above mentioned measure of average
disparity for the tester.

[0101] Again, if the deviation of the obtained measure-
ment from the average past measurement for the subject
is within some defined tolerance or threshold of said av-
erage disparity for the tester, then it may be determined
thatthe outlier is caused by the tester (since the deviation
of the measurement matches the degree of the tester’s
past demonstrated systematic error).

[0102] According to further examples, determining
whether an outlier is attributable to a tester may be based
on comparing qualitative characteristics of a tester’s past
errors with characteristics of the detected outlier meas-
urement. For instance if the measurement is determined
to be an outlier which exceeds (i.e. falls outside and
above) an expected range of values for a subject, but the
tester has a history of underestimating measurements,
it may be determined that the outlier is not caused by
tester error, and vice versa.

[0103] This may be based on confidence intervals. For
example, a measurement may be determined to be an
outlier by virtue of exceeding (i.e. falling outside and
above) a predefined confidence interval of the subject’s
distribution of past measurements. In this case, the test-
er’s historical data may be consulted. If the tester’s his-
torical data indicates that they on average underestimate
measurements, then this may be an indication that the
outlier is not attributable to the tester. If the tester’s his-
torical data indicates that they on average overestimate
measurements, this may provide an indication that the
outlier is attributable to the tester. In some cases this
approach may be combined with one or both of the quan-
titative approaches (a) and (b) outlined above to deter-
mine attribution of the outlier with greater certainty.
[0104] By way of one example, determining whether
the outlier is attributable to the tester may be performed
as follows. The tester measures the blood pressure of
the subject and it is determined that the measurement is
an outlier for the subject based on historical measure-
ment data for the tester. A determination is made that
there is no contextual cause of the outlier result. The
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method next optionally checks a set of stored character-
istics or contextual data related to the tester which may
influence accuracy of tester measurements. The follow-
ing information is found:

- Health Care Professional: yes
- Professional Experience: high
- Measurement Conditions: Time pressure
- Movement during the measurement: high

[0105] The database of historical measurement data
for the testeris then accessed, and an assessment made
as to an average error (disparity score) of the tester's
measurements. It is found that an outlier history of the
tester (disparity score) is low.

[0106] The algorithm based on the above information
makes a determination that the measurement was taken
in a stressful situation and generates output information
indicative of this, and optionally also indicating advice to
retake the measurement.

[0107] Toillustrate the method according the invention
in its totality, the complete workflow of one example anal-
ysis method according to one or more embodiments will
now be described with reference to Fig. 3.

[0108] The method starts with obtaining 42 a new blood
pressure measurement. A statistical evaluation 44 is then
performed of the new measurement based on comparing
the measurement to a database 43 of historical meas-
urement data for the subject. The database 43 may be
a global database which includes both patient historical
measurement data and historical data pertaining to dif-
ferent testers.

[0109] Based on the statistical analysis (comparison
step) 44, a determination 46 is made as to whether the
measurement is an outlier for the patient. If the meas-
urement is not an outlier it is added to the measurement
database 43 for the subject. It may optionally be labelled
as a true or reliable measurement.

[0110] If it is determined 46 that the measurement is
an outlier for the patient, a database of contextual data
48 for the subject is accessed, pertaining to contextual
factors which have an effect on blood pressure, and
based on this a determination 50 is made as to whether
there is any contextual cause of the outlier measurement.
As noted above, the contextual data may include by way
of example only activity levels of the subject, smoking
history, diet for the subject and stress levels. Data from
awearable device might also be included in the database
oraccessed as part of the determination 50 step. A wear-
able device may for instance provide information on heart
rate, activity levels, sleep patterns or any other informa-
tion which can be collected using a wearable device, e.g.
a fitness tracker.

[0111] If a contextual cause 50 is identified, the meas-
urement is (according to the present example) labelled
52 with the identified contextual cause and added to the
database 43 of measurements for the subject, along with
the label. It additionally may be labelled or tagged as
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unreliable in some examples, so that clinical decisions
are not based on it.

[0112] Optionally, afurther step may also be performed
in which an output message is generated 60 advising a
user to retake 42 the measurement, due to its outlier sta-
tus and contextual cause. The cause of the outlier may
also be communicated as part of this message.

[0113] If a determination is made 50 that there is no
contextual cause, a database 54 of historical measure-
ment data for the tester is accessed, and based on this
a determination made 56 as to whether the outlier is at-
tributable to the tester (whether the tester is the cause
of the outlier). The tester data may optionally be stored
in a common global database along with the historical
measurement data 43 for the various subjects. The de-
termination is based on a statistical evaluation of the
measurement with reference to statistics for the tester,
where this may be performance data for the tester. Ex-
ample methods and procedures for determining any test-
er-attributable cause of an outlier have been described
in detail above.

[0114] Ifitis determined that the oultlier is attributable
to the tester, the measurement may be labelled 52 with
the identified cause and then stored in the measurement
database 43 of measurements for the subject, along with
the label. It additionally may be labelled or tagged as
unreliable in some examples, so that clinical decisions
are not based on it.

[0115] Again, optionally, a further step may also be per-
formed in which an output message is generated 60 ad-
vising a user to retake 42 the measurement, due to its
outlier status and tester-attributable cause. The cause of
the outlier may also be communicated as part of this mes-
sage.

[0116] If it is determined that there is no tester-attrib-
utable cause of the outlier, it is labelled 58 as having no
context and no tester-attributable cause. It may be la-
belled as having an unclear cause. It may be labelled as
a true or genuine measurement, so that it can be used
in making further clinical decisions regarding treatment
for the patient. A warning message may be issued indi-
cating to a user that the measurement may be indicative
of a genuine blood pressure change, so that any neces-
sary responsive action can be taken rapidly. The labelled
measurement is then stored in the database 43 of his-
torical measurements for the subject, along with its label
of no identifiable cause.

[0117] The above described method may be imple-
mented by a computer. Hence, a further aspect of the
invention provides a computer program comprising code
means for implementing the method according to any of
the examples or embodiments described above or de-
fined in any claim when said program is run on a com-
puter. For example, the method may be implemented by
an app installed on a mobile computing device such as
a smartphone or tablet. The mobile device may comprise
a display for displaying the output information generated
as part of the method.
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[0118] The method described above maybe imple-
mented by an analysis system, which may optionally
comprise means for measuring blood pressure. This as-
pect of the invention will now be described.

[0119] Accordingly, a further aspect of the invention
provides a system for analyzing blood pressure meas-
urements. An example is schematically shown in block
diagram form in Fig. 4.

[0120] The system 70 comprises afirst dataset 72 stor-
ing historical blood pressure measurements for one or
more subjects, a second dataset 74 comprising historical
measurement data relating to historical measurements
performed by one or more testers. A further dataset 76
is also included comprising contextual data for the sub-
ject, pertaining to contextual factors which have an effect
on blood pressure.

[0121] The system further comprises a processor 78,
having access to said datasets, and adapted to:

obtain a blood pressure measurement for a subject,
the measurement being associated with a known
tester who performed the measurement,

compare the measurement with historical measure-
ments for the subject stored in said first dataset 72,
and determining based on this whether the obtained
measurement is an outlier for the subject,

in the case the measurement is an outlier, access
the further dataset 76 of contextual data for the sub-
ject, pertaining to contextual factors which have an
effect on blood pressure, and determine based on
this any contextual cause of the outlier measure-
ment,

at least in the case of no contextual cause, access
historical measurement data for the tester from said
second dataset 74, and determine based on this
whether the outlier is attributable to the tester; and

generate output information indicative of an outlier
status of the measurement, and any determined con-
textual and/or tester attributed cause.

[0122] Optionally, the system 70 further comprises a
blood pressure sensing means 80, communicatively cou-
pled to the processor 78, for providing said blood pres-
sure measurement to the processor. Hence in this case
the system effectively provides a complete blood pres-
sure measurement system, including components for
both measuring blood pressure and analyzing the meas-
urements.

[0123] In other examples, the processor may be com-
municably connectable with a blood pressure sensing
means 80 for obtaining the blood pressure measure-
ments. This configuration is illustrated schematically in
Fig. 4 for example.

[0124] Alternatively still the processor 78 may obtain
the blood pressure measurement from a different source,
for example from a data store in which the measurement
has been temporarily stored upon collection for later anal-
ysis by the analysis system 70. The measurement may
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be obtained from a patient monitor. The blood pressure
measurement may alternatively be input manually be a
user. The measurement may also be obtained in any
other way as will be apparent to the skilled person.
[0125] Each of the first 72, second 74 and further 76
datasets may be or may be comprised by respective da-
tabases. Each may be part of a separate database or the
three datasets may be comprised within a single data-
base. In other examples, the first and second datasets
may be comprised by a common database, and the fur-
ther dataset comprised by a separate database.

[0126] The datasets and/or databases comprising the
datasets may be stored on a local memory in examples.
The memory may be part of the processor 78. In this case
or in any case, the datasets may be comprised by the
processor 78. Hence although they are shown schemat-
ically as separate components in Fig. 4, the actual dis-
tribution of these elements may differ.

[0127] Although in the example of Fig. 4, the further
dataset is comprised by the system 70, in further exam-
ples, the further dataset may be external to the system,
and wherein the processor 78 is configured to have ac-
cess to the dataset. The dataset may be stored on a
remote server or data store for example, with which the
processor is communicable.

[0128] The blood pressure measurement means 80
may be a blood pressure sensing device, such as blood
pressure cuff. The device may have an integrated proc-
essor to generate a measurement of blood pressure
based on internal sensor readings, and adapted to gen-
erate an output indicative of the derived measurement.
The measurement means may be operatively or commu-
nicatively coupled to the processor 78 for supplying the
obtained blood pressure measurement(s) to the proces-
Sor.

[0129] The method and system of the invention may
be applied for analyzing blood pressure measurements
either in a clinical e.g. hospital environment, orin a home
environment. Hence, the invention is useful both for hos-
pital blood pressure monitoring applications and home-
monitoring applications, in which blood pressure of a pa-
tientis monitored over an extended period when a patient
is at home.

[0130] As discussed above, the system makes use of
a processor to perform the data processing. The proces-
sor can be implemented in numerous ways, with software
and/or hardware, to perform the various functions re-
quired. The processor typically employs one or more mi-
croprocessors that may be programmed using software
(e.g., microcode) to perform the required functions. The
processor may be implemented as a combination of ded-
icated hardware to perform some functions and one or
more programmed microprocessors and associated cir-
cuitry to perform other functions.

[0131] Examples of circuitry that may be employed in
various embodiments of the present disclosure include,
but are not limited to, conventional microprocessors, ap-
plication specific integrated circuits (ASICs), and field-
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programmable gate arrays (FPGAs).

[0132] In various implementations, the processor may
be associated with one or more storage media such as
volatile and non-volatile computer memory such as RAM,
PROM, EPROM, and EEPROM. The storage media may
be encoded with one or more programs that, when exe-
cuted on one or more processors and/or controllers, per-
form the required functions. Various storage media may
be fixed within a processor or controller or may be trans-
portable, such that the one or more programs stored ther-
eon can be loaded into a processor.

[0133] Variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure and the appended claims. In the
claims, the word "comprising" does not exclude other el-
ements 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/distrib-
uted 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.

Claims

1. A blood pressure measurement analysis method
(10), comprising:

obtaining (12) a blood pressure measurement
for a subject, the measurement being associat-
ed with aknown tester who performed the meas-
urement;

comparing (14) the measurement with historical
measurements for the subject stored in a data-
base, and determining based on this whether
the obtained measurement is an outlier for the
subject;

in the case the measurement is an outlier, ac-
cessing (16) a database of contextual data for
the subject, pertaining to contextual factors
which have an effect on blood pressure, and de-
termining based on this any contextual cause of
the outlier measurement;

at least in the case of no contextual cause, ac-
cessing (18) historical measurementdata for the
tester in a database, and determining based on
this whether the outlier is attributable to the test-
er;

generating (20) output information indicative of
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an outlier status of the measurement, and any
determined contextual and/or tester attributed
cause.

A method (10) as claimed in claim 1, wherein in the
event that no contextual or tester-attributable cause
is identified for an outlier measurement, the meas-
urement is exported to a measurement database,
and labeled as a true measurement.

A method (10) as claimed in claim 1 or 2, wherein,
in the event that a contextual or tester-attributable
cause is identified for an outlier measurement:

the measurementis exported to a measurement
database, labelled with the cause, or
the measurement is discarded.

A method (10) as claimedin any of claims 1-3, where-
in accessing said historical measurement data for
the tester is only performed in the case that no con-
textual cause is identified for the outlier.

A method (10) as claimedin any of claims 1-4, where-
in the historical measurement data for the tester
comprises performance data, indicative of a histori-
cal accuracy of measurements of the tester.

A method (10) as claimed in claim 5, wherein the
performance data indicates a measure of an average
error of measurements taken by the tester.

A method (10) as claimed in claim 6, wherein the
measure of average error is a measure of an average
disparity between

measurements taken by the tester for different sub-
jects and measurements for the same subjects taken
by other testers, and/or

measurements taken by the tester for different sub-
jects and historical measurements for the same sub-
jects.

A method (10) as claimed in claim 6 or 7, wherein
determining (18) whether the outlier is attributable
to the tester comprises determining a measure of
disparity between the obtained measurement and
the historical measurements for the subject, and
comparing this with said measure(s) of average error
for the tester.

A method (10) as claimedin any of claims 1-8, where-
in determining (14) whether the obtained measure-
ment is an outlier comprises determining a measure
of disparity between the obtained measurements
and the historic measurements for the subject and
determining whether this exceeds a defined disparity
threshold.
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Amethod (10)as claimedinany of claims 1-9, where-
in the contextual information includes information in-
dicative of one or more of: subject medical record,
subject medications, date and time of obtained
measurement, subject height, subject weight, sub-
ject activity levels, whether subject smokes, subject
diet, subject stress levels, subject breathing rate.

A method (10) as claimed in any of claims 1-10,
wherein the method comprises determining a prob-
ability that the obtained measurement is an outlier.

A computer program comprising code means for im-
plementing the method of any one of claims 1 to 11
when said program is run on a computer.

An analysis system (70), comprising:

a first dataset (72) storing historical blood pres-
sure measurements for one or more subjects;
a second dataset (74) comprising historical
measurement data relating to historical meas-
urements performed by one or more testers; and
aprocessor, having access to said datasets, and
adapted to:

obtain a blood pressure measurement for a
subject, the measurement being associated
with a known tester who performed the
measurement,

compare the measurement with historical
measurements for the subject stored in said
first dataset, and determining based on this
whether the obtained measurement is an
outlier for the subject,

in the case the measurement is an outlier,
access a further dataset (76) of contextual
data for the subject, pertaining to contextual
factors which have an effect on blood pres-
sure, and determine based on this any con-
textual cause of the outlier measurement,
at least in the case of no contextual cause,
access historical measurement data for the
tester from said second dataset, and deter-
mine based on this whether the outlier is
attributable to the tester; and

generate output information indicative of an
outlier status of the measurement, and any
determined contextual and/or tester attrib-
uted cause.

14. A system (70) as claimed in claim 13, further com-

prising a blood pressure sensing means (80), com-
municatively coupled to the processor, for providing
said blood pressure measurement to the processor.
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