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(54) DETECTING INCREASING FLUID IN A LUNG OF A SUBJECT

(57) A method of detecting increasing fluid in a lung
of a subject, the method comprising:

at a first time, determining a first difference between a
time of arrival of a first feature of a received electrical
signal of a subject’s heart beat and a time of arrival of a
second feature of a received acoustic signal of the sub-
ject’s heart beat;

at a second later time, determining a second difference

between a time of arrival of the first feature of a received
electrical signal of a subject’s subsequent heart beat and
atime of arrival of the second feature of areceived acous-
tic signal of the subject’s subsequent heart beat; and

if the second difference is less than the first difference
by more than a threshold value, producing a fluid detec-
tion alert.
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at a first time, determining a first difference between a time of arrival of
a first feature of a received electrical signal of a subject's heart beat
and a time of arrival of a second feature of a received acoustic signal
of the subject's heart beat;
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at a second later time, determining a second difference between
a time of armval of the first feature of a received electrical signal of a
subject's subsequent heart beat and a time of arrival of the second feature
of a received acoustic signal of the subject's subsequent heart beat;
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if the second difference is less than the first difference by more than a
threshold value, producing a fluid detection alert.
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Description
TECHNOLOGICAL FIELD

[0001] Embodiments of the present invention relate to
detecting increasing fluid in a lung of a subject.

BACKGROUND

[0002] Itis desirable to be able to detect when fluid in
a subject’s lung is increasing so that, for example, med-
ication may be provided to the subject.

BRIEF SUMMARY

[0003] According to various, but not necessarily all,
embodiments of the invention there is provided an appa-
ratus comprising:

means for determining, at a first time, a first differ-
ence between a time of arrival of a first feature of a
received electrical signal of a subject’s heart beat
and a time of arrival of a second feature of a received
acoustic signal of a subject’s heart beat;

means for determining, at a second later time, a sec-
ond difference between a time of arrival of the first
feature of a received electrical signal of a subject’s
subsequent heart beat and a time of arrival of the
second feature of a received acoustic signal of the
subject’s subsequent heart beat; and

means for producing a fluid detection alert indicative
of increasing fluid in a lung of the subject, if the sec-
onddifference is less than the first difference by more
than a threshold value.

[0004] In some but not necessary all examples, the
apparatus comprises: an external electrode and a sensor
configured to remain at the same positions between the
first time and the second time, wherein the means for
determining, at the first time, a first difference between
a time of arrival of the first feature of a received electrical
signal of the subject’s heart beat and the time of arrival
of the second feature of a received acoustic signal of the
subject’s heart beat is means for determining at the first
time, the first difference between the time of arrival of a
first feature of the received electrical signal of the sub-
ject’s heart beat at the external electrode and the time of
arrival of the second feature of the received acoustic sig-
nal of the subject’s heart beat at the sensor;

and wherein the means for determining, at the second
time, the second difference between the time of arrival
of the first feature of the received electrical signal of the
subject’s heart beat and the time of arrival of the second
feature of the received acoustic signal of the subject’s
heart beat is means for determining at the second time,
the second difference between the time of arrival of the
first feature of the received electrical signal of the sub-
ject’s heart beat at the external electrode and the time of
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arrival of the second feature of the received acoustic sig-
nal of the subject’s heart beat at the sensor.

[0005] In some but not necessary all examples, the
apparatus comprises multiple electrocardiogram (ECG)
electrodes and a single acoustic sensor, all of which are
configured to remain at the same positions between the
first time and the second time,

wherein the means for determining, at the first time, a
first difference between a time of arrival of the first feature
of a received electrical signal of the subject’s heart beat
and the time of arrival of the second feature of a received
acoustic signal of the subject’s heart beat is means for
determining at the first time, a first difference between
the time of arrival of a first feature of the received ECG
electrical signal of the subject’s heart beat at the ECG
electrodes and the time of arrival of the second feature
of the received acoustic signal of the subject’s heart beat
at the single sensor; and wherein the means for deter-
mining, at the second time, the second difference be-
tween the time of arrival of the first feature of the received
electrical signal of the subject’s heart beat and the time
of arrival of the second feature of the received acoustic
signal of the subject’s heart beatis means for determining
at the second time, a second difference between the time
of arrival of the first feature of a received ECG electrical
signal of the subject’s heart beat at the ECG electrodes
and the time of arrival of the second feature of the re-
ceived acoustic signal of the subject’s heart beat at the
single sensor.

[0006] In some but not necessary all examples, the
sensor is configured to be placed on a lateral portion of
the subject’s thorax between a mid-clavicular line and
one of the axillary lines and at or below the 5t intercostal
space.

[0007] In some but not necessary all examples, the
sensor is configured to be positioned with a lower portion
ofthe subject’s lung between the sensor and the subject’s
heart. In some but not necessary all examples, the ap-
paratus comprises means for detecting the first feature
of the received electrical signal of a subject’s heart beat
and subsequent heart beat by detecting a recognizable
part of an electrocardiogram.

[0008] In some but not necessary all examples, the
apparatus comprises means for detecting the first feature
of the received electrical signal of a subject’s heart beat
and subsequent heart beat by detecting rapid depolari-
zation of the right and left ventricles and means for de-
tecting the second feature of the received acoustic signal
of a subject’s heart beat and subsequent heart beat by
detecting atrioventricular valves closure at beginning of
systole.

[0009] In some but not necessary all examples, the
apparatus comprises means for detecting the second
feature of the received acoustic signal of a subject’s heart
beat and subsequent heart beat by detecting a first peak
following an R peak of a QRS complex of the received
electrical signal.

[0010] In some but not necessary all examples, the
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apparatus comprises means for detecting the firstfeature
by detecting aninflection point, local maximum, local min-
imum, gradient of the received electrical signal amongst
other inflection points, local maxima, local minima, gra-
dients of the received electrical signal and wherein the
second feature is an inflection point, local maximum, local
minimum, gradient of the received acoustic signal
amongst other inflection points, local maxima, local mini-
ma, gradients of the received acoustic signal.

[0011] In some but not necessary all examples, the
apparatus comprises means for repeatedly determining
over a first time interval of multiple heart beats, preceding
the first time, a sample of first differences between a time
of arrival of the first feature of a received electrical signal
ofasubject’s heartbeat and atime of arrival of the second
feature of areceived acoustic signal of the subject’s heart
beat; means for processing the sample of first differences
to produce the first difference at the first time; and
means for repeatedly determining over a second time
interval of multiple subsequent heart beats, preceding
the second time, asample of second differences between
a time of arrival of the first feature of a received electrical
signal of a subject’s subsequent heart beat and a time
of arrival of the second feature of a received acoustic
signal of the subject’s subsequent heart beat and means
for processing the sample of second differences to pro-
duce the second difference at the second time.

[0012] In some but not necessary all examples, the
means for processing the sample of first differences to
produce the first difference at the first time comprises
means for averaging the sample of first differences; and
the means for processing the sample of second differ-
ences to produce the second difference at the second
time comprises means for averaging the sample of sec-
ond differences.

[0013] According to various, but not necessarily all,
embodiments of the invention there is provided a method
of detecting increasing fluid in a lung of a subject, the
method comprising: at a first time, determining a first dif-
ference between a time of arrival of a first feature of a
received electrical signal of a subject’s heart beat and a
time of arrival of a second feature of a received acoustic
signal of the subject’s heart beat; at a second later time,
determining a second difference between a time of arrival
of the first feature of a received electrical signal of a sub-
ject’'s subsequent heart beat and a time of arrival of the
second feature of a received acoustic signal of the sub-
ject’'s subsequentheart beat; and if the second difference
is less than the first difference by more than a threshold
value, producing a fluid detection alert.

[0014] According to various, but not necessarily all,
embodiments of the invention there is provided a method
comprising: at a first time, determining a first difference
between a time of arrival of a first feature of a received
electrical signal of a subject’s heart beat and a time of
arrival of a second feature of a received acoustic signal
of a subject’s heart beat;

at a second later time, determining a second difference
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between a time of arrival of the first feature of a received
electrical signal of a subject’s subsequent heart beat and
atime of arrival of the second feature of areceived acous-
tic signal of the subject’s subsequent heart beat; and if
the second difference is less than the first difference by
more than a threshold value, producing a fluid detection
alert indicative of increasing fluid in a lung of the subject.
[0015] According to various, but not necessarily all,
embodiments of the invention there is provided a com-
puter program that when run on a processor enables the
processor to: at a first time, determine a first difference
between a time of arrival of a first feature of a received
electrical signal of a subject’s heart beat and a time of
arrival of a second feature of a received acoustic signal
of a subject’s heart beat;

at a second later time, determine a second difference
between a time of arrival of the first feature of a received
electrical signal of a subject’s subsequent heart beat and
atime of arrival of the second feature of areceived acous-
tic signal of the subject’s subsequent heart beat; and
produce a fluid detection alert indicative of increasing
fluid in a lung of the subject, if the second difference is
less than the first difference by more than a threshold
value.

[0016] According to various, but not necessarily all,
embodiments of the invention there is provided an appa-
ratus comprising:

at least one processor; and

at least one memory including computer program
code

the at least one memory and the computer program
code configured to, with the at least one processor,
cause the apparatus at least to perform:

at a first time, determining a first difference be-
tween a time of arrival of a first feature of a re-
ceived electrical signal of a subject’s heart beat
and a time of arrival of a second feature of a
received acoustic signal of the subject’s heart
beat;

at a second later time, determining a second dif-
ference between a time of arrival of the first fea-
ture of a received electrical signal of a subject’s
subsequent heart beat and a time of arrival of
the second feature of a received acoustic signal
of the subject’s subsequent heart beat; and

if the second difference is less than the first dif-
ference by more than a threshold value, produc-
ing an alert.

[0017] According to various, but not necessarily all,
embodiments of the invention there is provided examples
as claimed in the appended claims.

[0018] The following portion of this '‘Brief Summary’
section, describes various features that may be features
of any of the various embodiments described in the fore-
going portion of the '‘Brief Summary’ section. The descrip-
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tion of a function should additionally be considered to
also disclose any means suitable for performing that
function.

[0019] In some but not necessarily all examples, at the
first time and the second time, the electrical signal is re-
ceived at the same external electrode at the same loca-
tion on an exterior of the subject and, at the first time and
the second time, the acoustic signal is received at the
same sensor at the same location on an exterior of the
subject. At the first time and the second time, the elec-
trical signal is received, in some but not necessarily all
examples, at the same external ECG electrodes at the
same location on an exterior of the subject. The sensor
is placed, in some but not necessarily all examples, on
a lateral portion of the subject’s thorax between a mid-
clavicular line and one of the axillary lines and at or below
the 5th intercostal space. The sensor is positioned, in
some but not necessarily all examples, with a lower por-
tion of the subject’s lung between the sensor and the
subject’s heart.

[0020] In some but not necessarily all examples, the
first feature of the received electrical signal of a subject’s
heart beat and subsequent heart beat is associated with
a recognizable part of an electrocardiogram.

[0021] In some but not necessarily all examples, the
first feature of the received electrical signal of a subject’s
heart beat and subsequent heart beat is associated with
rapid depolarization of the right and left ventricles and
wherein the second feature of the received acoustic sig-
nal of a subject’s heart beat and subsequent heart beat
is associated with atrioventricular valves closure at be-
ginning of systole.

[0022] In some but not necessarily all examples, the
second feature of the received acoustic signal of a sub-
ject’s heart beat and subsequent heart beat is associated
with a first peak following an R peak of a QRS complex
of the received electrical signal.

[0023] In some but not necessarily all examples, the
first feature is an inflection point, local maximum, local
minimum, gradient of the received electrical signal
amongst other inflection points, local maxima, local mini-
ma, gradients of the received electrical signal and where-
in the second feature is an inflection point, local maxi-
mum, local minimum, gradient of the received acoustic
signal amongst other inflection points, local maxima, lo-
cal minima, gradients of the received acoustic signal.
[0024] In some but not necessarily all examples, the
method comprises: detecting a time of arrival of a first
feature of a received electrical signal of a subject’s heart
beat by sampling the received electrical signal at a sam-
pling rate greater than 10khz; and detecting a time of
arrival of a second feature of a received acoustic signal
of a subject’s heart beat by sampling the received acous-
tic signal at a sampling rate greater than 10khz

[0025] In some but not necessarily all examples, at the
first time, determining the first difference between a time
of arrival of a first feature of a received electrical signal
of a subject’s heart beat and a time of arrival of a second
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feature of a received acoustic signal of the subject’s
heartbeat, comprises:

repeatedly determining over a first time interval of
multiple heart beats, preceding the first time, a sam-
ple of first differences between a time of arrival of
the first feature of a received electrical signal of a
subject’s heart beat and a time of arrival of the sec-
ond feature of a received acoustic signal of the sub-
ject’s heart beat and processing the sample of first
differences to produce the first difference at the first
time; and wherein, at a second later time, determin-
ing a second difference between a time of arrival of
the first feature of a received electrical signal of a
subject’s subsequent heart beat and a time of arrival
of the second feature of a received acoustic signal
of the subject’'s subsequent heart beat; comprises:
repeatedly determining over a second time interval
of multiple subsequent heart beats, preceding the
second time, a sample of second differences be-
tween a time of arrival of the first feature of areceived
electrical signal of a subject’s subsequent heart beat
and a time of arrival of the second feature of a re-
ceived acoustic signal of the subject’'s subsequent
heart beat and processing the sample of second dif-
ferences to produce the second difference at the sec-
ond time. Processing the sample of first differences
to produce the first difference at the first time com-
prises, in some but not necessarily all examples, av-
eraging the sample of first differences. Processing
the sample of second differences to produce the sec-
ond difference at the second time comprises, in
some but not necessarily all examples, averaging
the sample of second differences. In some but not
necessarily all examples, iteration is used. In some
but not necessarily all examples the time difference
between the first time and the second time is signif-
icantly greater than the duration of the first interval
or the second interval. In some but not necessarily
all examples the time difference between the first
time and the second time is a period when a lower
power consumption mode or a lower sampling rate
mode is operational and wherein the first interval and
the second interval are periods when a higher power
consumption mode or a higher sampling rate mode
is operational.

BRIEF DESCRIPTION

[0026] For abetter understanding of various examples
that are useful for understanding the detailed description,
reference will now be made by way of example only to
the accompanying drawings in which:

Fig 1 illustrates an example of a method of detecting
increasing fluid in a lung of a subject.

Fig. 2 illustrates an example of an apparatus that
provides means for performing the method of Fig. 1.
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Fig. 3 illustrates an example of a received electrical
signal of a subject’s heartbeat and a received acous-
tic signal of the subject’s heartbeat.

Figs 4A and 4B illustrate an example of a subject.
Fig. 5 illustrates an example of an apparatus per-
forming an example of the method of Fig. 1.

Fig. 6 illustrates an example of an electrical signal
and an acoustic signal over a first time interval and
a second time interval.

Figs 7A and 7B illustrate an example of a controller
and a delivery mechanism.

DETAILED DESCRIPTION

[0027] Fig 1 illustrates an example of a method 100 of
detecting increasing fluid in a lung of a subject, the meth-
od comprising:

at a first time, at block 102, determining a first differ-
ence between a time of arrival of a first feature of a
received electrical signal of a subject’s heart beat
and a time of arrival of a second feature of a received
acoustic signal of the subject’s heart beat;

at a second later time, at block 104, determining a
second difference between a time of arrival of the
first feature of a received electrical signal of a sub-
ject’'s subsequent heart beat and a time of arrival of
the second feature of a received acoustic signal of
the subject’s subsequent heart beat; and

at block 106, if the second difference is less than the
first difference by more than a threshold value, pro-
ducing a fluid detection alert.

[0028] Fig. 2 illustrates an example of an apparatus
200 that provides means for performing the method of
Fig. 1. The apparatus 200 comprises circuitry 210 con-
figured to perform the method 100 of Fig. 1. An electrical
signal 222 measured by an electrode 220 is received at
the circuitry 210. An acoustic signal 232 measured by a
sensor 230 is received at the circuitry 210. The sensor
230 transduces the received pressure waves to an elec-
trical signal. The sensor 230 may, for example, be a mi-
crophone. The circuitry 210 produces an alert 238.
[0029] The circuitry 210 is configured, at a first time,
to determine a first difference between a time of arrival
of a first feature (F1) of a received electrical signal 222
of a subject’s heartbeat and a time of arrival of a second
feature (F2) of a received acoustic signal 232 of the sub-
ject’s heartbeat. The circuitry is configured, at a second
later time, to determine a second difference between a
time of arrival of the first feature (F1) of a received elec-
trical signal 222 of a subject’s subsequent heartbeat and
time of arrival of the second feature (F2) of a received
acoustic signal 232 of the subject’'s subsequent heart-
beat.

[0030] The circuitry 210 is configured, if the second
difference is less than the first difference by more than a
threshold value, to produce a fluid detection alert 238.
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[0031] In some examples, the apparatus 200 is con-
figured to provide the alert 238 as an alert to the subject.
In other examples, the apparatus 200 is configured to
provide the alert 238 to an apparatus that causes auto-
matic medication of the subject.

[0032] In some, but not necessarily all, examples, the
apparatus 200 may be a personal device that is worn or
carried by the subject.

[0033] In some, but not necessarily all, examples, the
apparatus 200 may be configured to provide additional
functionality. For example, it may produce a visual dis-
play of the received electrical signal 222.

[0034] Fig. 3illustrates an example of a received elec-
trical signal 222 of a subject’s heartbeat and an example
of a received acoustic signal 232 of the subject’s heart-
beat.

[0035] In this example, the electrical signal 222 is an
electrocardiogram (ECG) signal. An ECG signal has a
number of distinct characteristics commonly referred to
as PQRST. The P-wave precedes the QRS complex
which precedes the T-wave.

[0036] Any distinctive feature of the electrical signal
222 may be used as the first feature (F1). The most dis-
tinctive feature is the R-peak of the QRS complex. Con-
sequently, the first feature (F1) of the received electrical
signal 222 of a subject’s heartbeat and the subsequent
heartbeat is associated with a recognisable part of an
electrocardiogram. For example, it may be associated
with rapid depolarisation of the right and left ventricles
(R-peak).

[0037] Inthisexample,the acoustic signal232isa pho-
nocardiogram signal. The phonocardiogram signal 232
has a distinctive maximum amplitude pulse labelled S1.
[0038] Anydistinctive feature of the acoustic signal232
may be used as the second feature (F2). The maximum
amplitude feature S1 is easily detected.

[0039] The secondfeature of the received acoustic sig-
nal 232 of a subject’s heartbeat and subsequent heart-
beat may be associated with atrioventricular valves clo-
sure at beginning of systole.

[0040] In some examples, the second feature (F2) of
the received acoustic signal 232 of a subject’s heartbeat
and subsequent heartbeat is associated with the first
peak following the R-peak of a QRS complex of the re-
ceived electrical signal 222.

[0041] The first feature and/or second feature may be
an inflection point, a local maximum, a local minimum, a
gradient of the received signal particularly located
amongst other inflection points, local maxima, local mini-
ma, gradients of the received signal.

[0042] Figs4Aand4Billustrate anexample ofasubject
240. Fig. 4A illustrates a front (anterior) view and Fig. 4B
illustrates a side (lateral) view. The position of the sub-
ject’s heart 242 and lungs 244 are schematically illustrat-
ed in Fig. 4A. The heart 242 is centrally located, slightly
to the subject’s left. The left lung 244 is posterior to the
heart 242.

[0043] The ECG electrode 220 may be placed in any
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suitable position. It may for example be placed in one of
the standard positions for obtaining a standard ECG vec-
tor.

[0044] The sensor 230 for detecting received acoustic
signal 232 is preferably positioned with a lower portion
of the subject’s lung 244 between the sensor 230 and
the subject’s heart 242.

[0045] Forexample, the sensor 230 may be placed on
a lateral portion of the subject’s thorax 246 between a
mid-clavicular line 251 and one of the axillary lines 253
and at or below the fourth or fifth intercostal space 252.
The axillary lines 253 may be any one of the posterior,
middle or anterior axillary lines 253p, 253,,,, 253,.
[0046] As previously described, the production of the
alert 238 is dependent upon the threshold value. If the
second difference is less than the first difference by more
than the threshold value then the fluid detection alert 238
is produced. The second difference being less than the
first difference may occur because the acoustic signal
232 will propagate through liquid fluid faster than trough
air. Therefore when the second difference is less than
the first difference by more than the threshold value, the
fluid detection alert 238 is likely indicative that there is
an increased build-up of liquid fluid at the second time t,
relative to the firsttime t4,. The build-up of liquid fluid may
be located within one or both of the subject’s lungs 244
and/or in a region of the subject’s chest cavity that sur-
rounds the lungs 244.

[0047] Thethreshold value may be subject-dependent.
Typically it is of the order 0.2ms, however, it may vary
for different subjects. For example, the threshold value
may be based upon the difference between the speed of
sound in water/body tissue and speed of sound in air,
and the estimated size of the subject’s thorax 246. There-
fore by measuring the subject’s thorax 246 it may be pos-
sible to produce a threshold value for that subject. A tho-
rax size may be estimated from a person’s height and
weight or from chest circumference measurements. Al-
ternatively, it may be desirable to calibrate the apparatus
200 for each subject. For example, calibration may occur
by measuring propagation delay of sound through the
chest by providing an audio source e.g. a tap (strike) on
the outer chest or back.

[0048] Fig. 5 illustrates an example of the apparatus
200 performing the method 100.

[0049] At a first time t4, at block 102, the method 100
determines a first difference between a time on arrival of
a first feature (F1) of a received electrical signal 222 of
a subject’s heartbeat and a time of arrival of a second
feature (F2) of a received acoustic signal 232 of the sub-
ject’s heartbeat.

[0050] Atasecond latertimet,, at block 104, the meth-
od 100 determines the second difference between a time
of arrival of the first feature (F1) of a received electrical
signal 222 of a subject’'s subsequent heartbeat and a
time of arrival of the second feature (F2) of a received
acoustic signal 232 of the subject’'s subsequent heart-
beat.
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[0051] Then, at block 106, if the second difference is
less than the first difference by more than a threshold
value, the method 100 produces a fluid detection alert
238.

[0052] At the first time t; and the second time t,, the
electrical signal 222 is received at the same external elec-
trode 220 at the same location on an exterior of the sub-
ject 240.

[0053] At the first time t; and the second time t,, the
acoustic signal 232 is received at the same sensor 230
at the same location on an exterior of the subject 240.
[0054] Insome, but not necessarily all, examples, only
a single sensor 230 for receiving an acoustic signal 232
is required to produce afluid detection alert 238 for a lung.
[0055] Insome, but not necessarily all, examples, mul-
tiple ECG electrodes 220 may be used.

[0056] The time of arrival of a first feature (F1) of a
received electrical signal 222 of a subject’s heartbeat
may be detected by sampling the received electrical sig-
nal 222 at a sampling rate greater than 10khz. A time of
arrival of a second feature (F2) of a received acoustic
signal 232 of a subject’s heartbeat may be detected by
sampling the received acoustic signal 232 at a sampling
rate greater than 10khz.

[0057] In some, but not necessarily all, examples, the
received electrical signal 222 and the received acoustic
signal 232 may be sampled using the same clock or syn-
chronised clocks.

[0058] There may be a considerable amount of time
between the firsttime t; and the second time t, compared
to the sample period (100p.s). For example, the time dif-
ference may be more than one hour (equivalent to 36
million samples).

[0059] In order to improve the accuracy of the method
and to avoid the impact of noise, it may be desirable to
perform statistical averaging at the first time and to per-
form, separately, statistical averaging at the second time.
[0060] For example, at the first time, at block 102 the
method may comprise determining at block 102 a first
difference between a time of arrival of a first feature (F1)
of areceived electrical signal 222 of a subject’s heartbeat
and a time of arrival of a second feature (F2) of areceived
acoustic signal of the subject’s heartbeat by repeatedly
determining over a first time interval T4 of multiple heart-
beats, preceding the first time t; a sample of first differ-
ences between the first time of arrival of the first feature
(F1) of a received electrical signal 222 of the subject’s
heartbeat and a time of arrival of the second feature (F2)
of a received acoustic signal of the subject’s heartbeat
and processing the sample of first differences to produce
as an average the first difference at the first time. Thus
the method of block 102 is applied repeatedly for different
heartbeats within the first interval T, and the resulting
first time differences are averaged, although other proc-
esses may be used, such as integration, for example.
[0061] The method 100 at block 104 may comprise, at
the second later time t,, determining a second difference
between a time of arrival of the first feature (F1) of a
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received electrical signal 222 of a subject’s subsequent
heartbeat and a time of arrival of the second (F2) of a
received acoustic signal 232 of the subject’s subsequent
heartbeat by repeatedly determining over a second time
interval T, of multiple subsequent heartbeats, preceding
the second time t,, a sample of second differences be-
tween atime of arrival of the first feature (F1) of areceived
electrical signal 222 of a subject’s subsequent heartbeat
and a time of arrival of the second feature (F2) of a re-
ceived acoustic signal 232 of the first subject’s subse-
quent heartbeat and processing the sample of second
differences to produce as an average the second differ-
ence at the second time. Thus the method of block 102
is applied repeatedly for different heartbeats within the
second interval T, and the resulting second time differ-
ences are averaged, although other processes may be
used such as integration, for example.

[0062] It will be appreciated that, at block 106, the
method 100 produces an alert when a difference between
the first time of arrival and the second time of arrival de-
creases, on average, below a threshold.

[0063] Fig.6illustrates an example of the electrical sig-
nal 222 and the acoustic signal 232 over the first interval
T, and the second interval T,.

[0064] Thetime difference between the firsttime t; and
the second time t, is significantly greater than the dura-
tion of the first interval T4 or the second interval T,.
[0065] Theapparatus 200 may be operated inlow pow-
er mode between the end of the first interval T, and the
beginning of the second interval T, and operated at a
higher power mode during the first interval T4 and during
the second interval T,. Consequently, there is significant
power saving compared to continuous operation of the
apparatus 200 in the high power mode.

[0066] The apparatus 200 may be power downed fully
between the end of the firstinterval T1 and the beginning
of the second interval T2

[0067] The low power mode may be a mode in which
a lower sampling rate is used compared to the higher
powermode. The sampling rate of the higher power mode
may be above 1kHz. The sampling rate of the lower pow-
er mode may be below 1kHz.

[0068] It will be appreciated that the methods de-
scribed may be continuously iterated producing compar-
isons between time of arrival differences determined at
any two different times and determining whether or not
to produce an alert based on the comparisons. At any
arbitrary time t, the current time may be considered to
be the second later time and the immediately preceding
time t,._; when the method was performed may be con-
sidered to be the first time. It will therefore be appreciated
that the method operates continuously.

[0069] The averaging over the first time interval and
the second time interval is preferably over a time that is
long compared to the respiratory cycle. This then nor-
malises the results with respect to the respiratory cycle
and results in a consistent comparison of like with like.
[0070] Implementation of the circuitry 210 may be as
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a controller . The controller may be implemented in hard-
ware alone, have certain aspects in software including
firmware alone or can be a combination of hardware and
software (including firmware).As illustrated in Fig 7A such
a controller 260 may be implemented using instructions
that enable hardware functionality, for example, by using
executable instructions of a computer program 266 in a
general-purpose or special-purpose processor 262 that
may be stored on a computer readable storage medium
(disk, memory etc) to be executed by such a processor
262.

[0071] The processor 262 is configured to read from
and write to the memory 264. The processor 262 may
also comprise an output interface via which data and/or
commands are output by the processor 262 and an input
interface via which data and/or commands are input to
the processor 262.

[0072] The memory 264 stores a computer program
266 comprising computer program instructions (compu-
ter program code) that controls the operation of the ap-
paratus 200 when loaded into the processor 262. The
computer program instructions, of the computer program
266, provide the logic and routines that enables the ap-
paratus to perform the methods illustrated in Figs 1 and
5. The processor 262 by reading the memory 264 is able
to load and execute the computer program 266.

[0073] The apparatus 200 therefore comprises:

at least one processor 262; and

at least one memory 264 including computer pro-
gram code

the at least one memory 264 and the computer pro-
gram code configured to, with the at least one proc-
essor 262, cause the apparatus 200 at least to per-
form:

at a first time, determining a first difference be-
tween a time of arrival of a first feature of a re-
ceived electrical signal of a subject’s heart beat
and a time of arrival of a second feature of a
received acoustic signal of the subject’s heart
beat;

at a second later time, determining a second dif-
ference between a time of arrival of the first fea-
ture of a received electrical signal of a subject’s
subsequent heart beat and a time of arrival of
the second feature of a received acoustic signal
of the subject’s subsequent heart beat; and

if the second difference is less than the first dif-
ference by more than a threshold value, produc-
ing a fluid detection alert.

[0074] As illustrated in Fig 7B, the computer program
266 may arrive at the apparatus 200 via any suitable
delivery mechanism 270. The delivery mechanism 270
may be, for example, a non-transitory computer-readable
storage medium, a computer program product, a memory
device, a record medium such as a compact disc read-
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only memory (CD-ROM) or digital versatile disc (DVD),
an article of manufacture that tangibly embodies the com-
puter program 266. The delivery mechanism 270 may be
a signal configured to reliably transfer the computer pro-
gram 266. The apparatus 200 may propagate or transmit
the computer program 266 as a computer data signal.
[0075] Although the memory 264 is illustrated as a sin-
gle component/circuitry it may be implemented as one
or more separate components/circuitry some or all of
which may be integrated/removable and/or may provide
permanent/semi-permanent/ dynamic/cached storage.
[0076] Although the processor 262 is illustrated as a
single component/circuitry it may be implemented as one
or more separate components/circuitry some or all of
which may be integrated/removable. The processor 262
may be a single core or multi-core processor.

[0077] References to’computer-readable storage me-
dium’, ‘computer program product’, ‘tangibly embodied
computer program’ etc. or a’controller’, 'computer’, 'proc-
essor’ etc. should be understood to encompass not only
computers having different architectures such as single
/multi- processor architectures and sequential (Von Neu-
mann)/parallel architectures but also specialized circuits
such as field-programmable gate arrays (FPGA), appli-
cation specific circuits (ASIC), signal processing devices
and other processing circuitry. References to computer
program, instructions, code etc. should be understood to
encompass software for a programmable processor or
firmware such as, for example, the programmable con-
tent of a hardware device whether instructions for a proc-
essor, or configuration settings for a fixed-function de-
vice, gate array or programmable logic device etc.
[0078] As used in this application, the term ’circuitry’
refers to all of the following:

(a) hardware-only circuit implementations (such as
implementations in only analog and/or digital circuit-
ry) and

(b) to combinations of circuits and software (and/or
firmware), such as (as applicable): (i) to a combina-
tion of processor(s) or (ii) to portions of proces-
sor(s)/software (including digital signal proces-
sor(s)), software, and memory(ies) that work togeth-
er to cause an apparatus, such as a mobile phone
or server, to perform various functions and

(c) to circuits, such as a microprocessor(s) or a por-
tion of a microprocessor(s), that require software or
firmware for operation, even if the software or
firmware is not physically present.

[0079] This definition of 'circuitry’ applies to all uses of
this term in this application, including in any claims. As
a further example, as used in this application, the term
"circuitry" would also cover an implementation of merely
a processor (or multiple processors) or portion of a proc-
essor and its (or their) accompanying software and/or
firmware. The term "circuitry" would also cover, for ex-
ample and if applicable to the particular claim element,
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a baseband integrated circuit or applications processor
integrated circuit for a mobile phone or a similar integrat-
ed circuit in a server, a cellular network device, or other
network device.

[0080] The blocks illustrated in the Figs 1 and 5 may
represent steps in a method and/or sections of code in
the computer program 266. The illustration of a particular
order to the blocks does not necessarily imply that there
is a required or preferred order for the blocks and the
order and arrangement of the block may be varied. Fur-
thermore, it may be possible for some blocks to be omit-
ted.

[0081] Where astructural feature has been described,
it may be replaced by means for performing one or more
of the functions of the structural feature whether that func-
tion or those functions are explicitly or implicitly de-
scribed.

[0082] As used here 'module’ refers to a unit or appa-
ratus that excludes certain parts/components that would
be added by an end manufacturer or a user.

[0083] The term 'comprise’ is used in this document
with an inclusive not an exclusive meaning. That is any
reference to X comprising Y indicates that X may com-
prise only one Y or may comprise more than one Y. If it
is intended to use ‘comprise’ with an exclusive meaning
then it will be made clear in the context by referring to
"comprising only one" or by using "consisting".

[0084] In this brief description, reference has been
made to various examples. The description of features
or functions in relation to an example indicates that those
features or functions are present in that example. The
use of the term 'example’ or 'for example’ or ‘'may’ in the
text denotes, whether explicitly stated or not, that such
features or functions are present in atleast the described
example, whether described as an example or not, and
thatthey can be, but are not necessarily, presentin some
of or all other examples. Thus ’example’, 'for example’
or 'may’ refers to a particular instance in a class of ex-
amples. A property of the instance can be a property of
only that instance or a property of the class or a property
of a subclass of the class that includes some but not all
of the instances in the class. It is therefore implicitly dis-
closed that a feature described with reference to one ex-
ample but not with reference to another example, can
where possible be used in that other example but does
not necessarily have to be used in that other example.
[0085] Although embodiments of the presentinvention
have been described in the preceding paragraphs with
reference to various examples, it should be appreciated
that modifications to the examples given can be made
without departing from the scope of the invention as
claimed.

[0086] Featuresdescribed inthe preceding description
may be used in combinations other than the combina-
tions explicitly described.

[0087] Although functions have been described with
reference to certain features, those functions may be per-
formable by other features whether described or not.
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[0088] Althoughfeatures have beendescribed with ref-
erence to certain embodiments, those features may also
be present in other embodiments whether described or
not.

[0089] Whilst endeavoring in the foregoing specifica-
tion to draw attention to those features of the invention
believed to be of particular importance it should be un-
derstood that the Applicant claims protection in respect
of any patentable feature or combination of features here-
inbefore referred to and/or shown in the drawings wheth-
er or not particular emphasis has been placed thereon.

Claims
1. An apparatus comprising:

means for determining, at a first time, a first dif-
ference between a time of arrival of afirst feature
ofareceived electrical signal of a subject’s heart
beat and a time of arrival of a second feature of
a received acoustic signal of a subject’s heart
beat;

means for determining, at a second later time,
a second difference between a time of arrival of
the first feature of a received electrical signal of
a subject’s subsequent heart beat and a time of
arrival of the second feature of a received acous-
tic signal of the subject’s subsequent heart beat;
and

means for producing a fluid detection alert indic-
ative of increasing fluid in a lung of the subject,
if the second difference is less than the first dif-
ference by more than a threshold value.

2. An apparatus as claimed in claim 1 comprising:

an external electrode and a sensor configured
to remain at the same positions between the first
time and the second time,

wherein the means for determining, at the first
time, a first difference between a time of arrival
of the first feature of a received electrical signal
of the subject’s heart beat and the time of arrival
of the second feature of a received acoustic sig-
nal of the subject’s heart beat is means for de-
termining at the first time, the first difference be-
tween the time of arrival of a first feature of the
received electrical signal of the subject’s heart
beat at the external electrode and the time of
arrival of the second feature of the received
acoustic signal of the subject’s heart beat at the
Sensor;

and wherein the means for determining, at the
second time, the second difference between the
time of arrival of the first feature of the received
electrical signal of the subject’s heart beat and
the time of arrival of the second feature of the
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received acoustic signal of the subject’s heart
beat is means for determining at the second
time, the second difference between the time of
arrival of the first feature of the received electri-
cal signal of the subject’s heart beat at the ex-
ternal electrode and the time of arrival of the
second feature of the received acoustic signal
of the subject’s heart beat at the sensor.

An apparatus as claimed in claim 1, comprising mul-
tiple electrocardiogram (ECG) electrodes and a sin-
gle acoustic sensor, all of which are configured to
remain at the same positions between the first time
and the second time,

wherein the means for determining, at the first time,
a first difference between a time of arrival of the first
feature of a received electrical signal of the subject’s
heart beat and the time of arrival of the second fea-
ture of a received acoustic signal of the subject’s
heart beat is means for determining at the first time,
a first difference between the time of arrival of a first
feature of the received ECG electrical signal of the
subject’s heart beat at the ECG electrodes and the
time of arrival of the second feature of the received
acoustic signal of the subject’s heart beat at the sin-
gle sensor; and wherein the means for determining,
at the second time, the second difference between
the time of arrival of the first feature of the received
electrical signal of the subject’s heart beat and the
time of arrival of the second feature of the received
acoustic signal of the subject’s heart beat is means
for determining at the second time, a second differ-
ence between the time of arrival of the first feature
of a received ECG electrical signal of the subject’s
heart beat at the ECG electrodes and the time of
arrival of the second feature of the received acoustic
signal of the subject’s heart beat at the single sensor.

An apparatus as claimed in claim 2 or 3 wherein, the
sensor is configured to be placed on a lateral portion
of the subject’s thorax between a mid-clavicular line
and one of the axillary lines and at or below the 5th
intercostal space.

An apparatus as claimed in claim 2 or 3 wherein, the
sensor is configured to be positioned with a lower
portion of the subject’s lung between the sensor and
the subject’s heart.

An apparatus as claimed in any preceding claim,
comprising means for detecting the first feature of
the received electrical signal of a subject’s heart beat
and subsequent heart beat by detecting a recogniz-
able part of an electrocardiogram.

An apparatus as claimed in any preceding claim,
comprising means for detecting the first feature of
the received electrical signal of a subject’s heart beat
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and subsequent heart beat by detecting rapid depo-
larization of the right and left ventricles and means
for detecting the second feature of the received
acoustic signal of a subject’s heart beat and subse-
quent heart beat by detecting atrioventricular valves
closure at beginning of systole.

An apparatus as claimed in any preceding claim,
comprising means for detecting the second feature
of the received acoustic signal of a subject’s heart
beat and subsequent heart beat by detecting a first
peak following an R peak of a QRS complex of the
received electrical signal.

An apparatus as claimed in any preceding claim,
comprising means for detecting the first feature by
detecting an inflection point, local maximum, local
minimum, gradient of the received electrical signal
amongst other inflection points, local maxima, local
minima, gradients of the received electrical signal
and wherein the second feature is an inflection point,
local maximum, local minimum, gradient of the re-
ceived acoustic signal amongst other inflection
points, local maxima, local minima, gradients of the
received acoustic signal.

An apparatus as claimed in any preceding claim,
comprising

means for repeatedly determining over a first time
interval of multiple heart beats, preceding the first
time, a sample of first differences between a time of
arrival of the first feature of a received electrical sig-
nal of a subject’s heart beat and a time of arrival of
the second feature of a received acoustic signal of
the subject’s heart beat; means for processing the
sample of first differences to produce the first differ-
ence at the first time; and

means for repeatedly determining over a second
time interval of multiple subsequent heart beats, pre-
ceding the second time, a sample of second differ-
ences between a time of arrival of the first feature of
areceived electrical signal of a subject’s subsequent
heart beat and a time of arrival of the second feature
of a received acoustic signal of the subject’s subse-
quent heart beat and means for processing the sam-
ple of second differences to produce the second dif-
ference at the second time.

An apparatus as claimed in claim 10,

wherein the means for processing the sample of first
differences to produce the first difference at the first
time comprises means for averaging the sample of
first differences; and

wherein the means for processing the sample of sec-
ond differences to produce the second difference at
the second time comprises means for averaging the
sample of second differences.
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A method of detecting increasing fluid in a lung of a
subject, the method comprising:

at a first time, determining a first difference be-
tween a time of arrival of a first feature of a re-
ceived electrical signal of a subject’s heart beat
and a time of arrival of a second feature of a
received acoustic signal of the subject’s heart
beat;

at a second later time, determining a second dif-
ference between a time of arrival of the first fea-
ture of a received electrical signal of a subject’s
subsequent heart beat and a time of arrival of
the second feature of a received acoustic signal
of the subject’s subsequent heart beat; and

if the second difference is less than the first dif-
ference by more than a threshold value, produc-
ing a fluid detection alert.

A method as claimed in claim 12 wherein, at the first
time and the second time, the electrical signal is re-
ceived at the same external electrode at the same
location on an exterior of the subject

and wherein, at the first time and the second time,
the acoustic signal is received at the same sensor
at the same location on an exterior of the subject.

A method as claimed in claim 13 wherein, at the first
time and the second time, the electrical signal is re-
ceived at the same external ECG electrodes at the
same location on an exterior of the subject

and wherein, at the first time and the second time,
the acoustic signal is received at the same sensor
at the same location on an exterior of the subject,
wherein only a single sensor for receiving an acous-
tic signal is required to produce a fluid detection alert.

A computer program that when run on a processor
causes:

at a first time, determining a first difference be-
tween a time of arrival of a first feature of a re-
ceived electrical signal of a subject’s heart beat
and a time of arrival of a second feature of a
received acoustic signal of the subject’s heart
beat;

at a second later time, determining a second dif-
ference between a time of arrival of the first fea-
ture of a received electrical signal of a subject’s
subsequent heart beat and a time of arrival of
the second feature of a received acoustic signal
of the subject’s subsequent heart beat; and

if the second difference is less than the first dif-
ference by more than a threshold value, produc-
ing a fluid detection alert.
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