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Description

[0001] The present invention relates to health monitor-
ing devices which allow monitoring of the vital signs of a
subject, particularly although not exclusively to wireless
devices that allow a subject’s cardiac and/or respiratory
functions to be monitored remotely e.g. without the sub-
ject being attached to bedside equipment.
[0002] In recent years there has emerged a new class
of small body worn devices that monitor one or more vital
signs and transmit the readings wirelessly to a receiver
unit without encumbering a patient with cables. For ex-
ample, wireless and self-adhesive electrocardiography
(ECG) monitors, which are placed on a subject to permit
the remote monitoring of cardiac rhythm, are known e.g.
from US 3943918. A short-range wireless connection
such as Bluetooth™ may be used. Typically the wireless
receiver unit retransmits the data to an IT system for
processing and display. The data (raw and/or processed)
may be stored in a data base or electronic medical record.
Within the IT system or individual patient record various
"rules" may operate to alert medical staff when one or
more of the vital signs moves outside the limits set for a
patient.
[0003] In the context of cardiac monitoring using elec-
trocardiography (ECG) electrodes, especially self-adhe-
sive electrodes, wireless transmission of the raw ECG
readings is possible but to transmit the entire ECG signal
requires large amounts of bandwidth and consequently
the monitoring device must be able to provide sufficient
transmitting power. In order to alleviate such problems it
has been proposed to set up the monitoring device so
that the ECG signal is only sampled at pre-programmed
intervals, for example once every 2, 5 or 10 minutes. The
wireless power consumption scales proportionally with
sampling rate. This enables the average heart rate to be
calculated without requiring near-continuous transmis-
sion of data and thereby lowers the power consumption
of the wireless transmitter. However this approach does
not allow every heartbeat and its associated ECG peak
to be recorded and potentially processed. Such a quasi-
continuous measurement of heart rate may not reveal
cardiac arrhythmias or other information useful for clini-
cians.
[0004] On the other hand, it has been proposed to per-
form full data processing on a wireless ECG sensor node
rather than transmitting raw data. It has been reported,
however, that in previous attempts the increased power
consumption from local processing counteracts the lim-
ited savings in the radio power from a reduced rate of
data streaming. There remains a need for an effective
system for local ECG signal processing and data trans-
mission.
[0005] It is also known to provide wireless heart rate
monitors which are held against the patient by a chest
strap. Using a chest strap for support means that it can
be possible to mount a larger wireless transceiver includ-
ing a data processor that is able to process and/or trans-

mit instantaneous data relating to cardiac function. How-
ever, not only do such devices tend to be heavy and bulky
but the degree of contact with the skin is generally poor
and prone to motion artefacts. Moreover the need for a
chest strap to be fitted around the subject means that
such monitors may not be suitable in trauma situations
where the subject is physically injured or disabled.
[0006] Monitoring devices that combine heart rate
measurement with other vital signs, such as temperature
and respiration rate, generally utilise separate sensors
for each parameter and read each sensor sequentially.
In addition to failing to provide continuous readings, such
devices are also unable to provide concurrent data, for
example simultaneous heart rate and respiration rate
measurements.
[0007] WO 2010/075115 describes a body-associated
receiver that may be used to obtain data relating to a
QRS complex in an ECG signal. "An algorithm for micro-
processor-based QRS detection", Escalona et al., Jour-
nal of Clinical Engineering 11 (3) 1986 pp213-219, de-
scribes an algorithm for a QRS complex in an ECG signal.
[0008] The Applicant has appreciated that known mon-
itoring devices suffer from various shortcomings. It is an
object of the present invention to provide improved mon-
itoring devices for cardiac rhythm and potentially other
vital signs, which aims to alleviate at least some of the
shortcomings of known devices.
[0009] According to the present invention there is pro-
vided a cardiac monitoring device comprising a wearable
unit comprising:

a substrate;
means for measuring ECG signals;
data processing means comprising a data proces-
sor; and
a wireless transmitter;
wherein the data processing means is sealed within
the substrate and arranged to receive the measured
ECG signals, to sample each ECG signal associated
with a heartbeat, to process the sampled signal data
in the data processor to extract key data relating to
that heartbeat, and to provide the key data to the
wireless transmitter for transmission; and
wherein the processor is programmed to apply a time
window to the sampled data to isolate at least a por-
tion of the data associated with a given heartbeat
and measure the amplitude changes in that window,
and to use the amplitude changes to identify the key
data, characterised in that the key data comprise a
time stamp of an R-Peak in a QRS complex in the
ECG signal and at least one further time or amplitude
value corresponding to one or more pre-defined fea-
tures of the ECG signal;
wherein the at least one further time or amplitude
value corresponding to the one or more pre-defined
features of the ECG signal is chosen from one or
more of: (i) R-S amplitude; (ii) temporal position of a
P-wave; (iii) amplitude of a P-wave; (iv) amplitude
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variations in a P-wave; (v) temporal position of a T-
wave; (vi) amplitude of a T-wave; (vii) amplitude of
an S-T segment; and (viii) temporal extent of a Q-T
interval; and
wherein the data processor can be re-programmed
during use by an instruction received by the wireless
transmitter to change the one or more pre-defined
features and the key data identified and provided to
the wireless transmitter for transmission.

[0010] There is also disclosed herein a cardiac moni-
toring device comprising a substrate, means for meas-
uring ECG signals, data processing means comprising
a data processor, and a wireless transmitter, wherein the
data processing means is sealed within the substrate and
arranged to receive the measured ECG signals, to proc-
ess each ECG signal associated with a heartbeat in the
data processor to provide key data relating to that heart-
beat, and to provide the key data to the wireless trans-
mitter for transmission.
[0011] It will be understood that devices in accordance
with the invention do not necessarily discard any data
from the measured ECG signals. The data processing
means is arranged to receive the measured ECG signals
on a near-continuous basis such that every ECG signal
corresponding to a heartbeat is sampled by the data proc-
essor. Thus important information relating to a subject’s
cardiac rhythm is not lost. However the device is able to
reduce the bandwidth, and hence the power, required to
transmit information from the device by processing each
ECG signal and extracting key data relating to every
heartbeat which is then provided to the wireless trans-
mitter. Rather than transmitting all of the raw ECG data,
the data processor extracts a limited amount of key data,
e.g. by applying one or more algorithms, which is then
made available by the wireless transmitter. Furthermore,
key data is only provided when a heartbeat is detected.
The extraction of key data will be described in more detail
below.
[0012] It is a particular advantage of the invention that
the data processing means is powerful enough to be able
to provide the key data while also being e.g. small enough
to be sealed inside the substrate of the device. Accord-
ingly there is provided an integrated device that may be
comparable in processing power with a separate data
processing/transmitting unit but which can be attached
to a subject as a unitary device. The wireless transmitter
may also be sealed within the substrate. The wireless
transmitter may be provided separately or integrally with
the data processing means. As a result of its integrated
structure, the monitoring device may find use in a wide
number of different medical situations, ranging from
emergency monitoring in a trauma situation, to routine
monitoring of a patient on a hospital ward, and to back-
up monitoring of a subject in his or her own home.
[0013] The data processor has the function of process-
ing ECG signals so as to provide key data relating to
every heartbeat. Typically the most important raw data

associated with an ECG signal is the R-S amplitude
and/or time stamp for the QRS complex peak produced
in the ECG by a heartbeat. The Applicant has recognised
that processing raw ECG signals to extract the amplitude
and time values associated with the R-peak for each
heartbeat represents an efficient way to reduce the local
power demand without compromising the data content
that is transmitted. This data, in particular the R-R peak
temporal spacing, can be used to calculate the heart rate
(HR) using a relatively straightforward algorithm and thus
in some embodiments the key data may therefore com-
prise a measurement of heart rate (HR).
[0014] However, in other embodiments it is preferable
to minimise the calculations that are carried out by the
data processor in the device and thus key data compris-
ing the time stamp for the QRS complex peak is prefer-
ably sent by the wireless transmitter to be further proc-
essed elsewhere. Furthermore it is advantageous for the
key data to include at least one piece of amplitude data
in addition to the time stamp of the R-peak. In a preferred
set of embodiments the amplitude data is the value of
the R-S amplitude in the ECG signal, as a peak detection
algorithm run in the processor may conveniently identify
the R-S amplitude in order to determine the temporal
position of the R-peak. There is also disclosed herein a
cardiac monitoring device comprising: a substrate;
means for measuring ECG signals; data processing
means comprising a data processor; and a wireless
transmitter; wherein the data processing means is sealed
within the substrate and arranged to receive the meas-
ured ECG signals, to process each ECG signal associ-
ated with a heartbeat in the data processor to provide
key data relating to that heartbeat, and to provide the key
data to the wireless transmitter for transmission, wherein
the key data is the R-S amplitude and time stamp for the
QRS complex peak produced in the ECG signal by a
heartbeat.
[0015] The processor may be programmed to run a
peak identification algorithm that can identify the QRS
complex in the ECG signal (shown in Fig. 1). In particular,
a windowing algorithm can make use of the fact that the
range of amplitude values in the QRS complex is, in a
normal sinus rhythm, substantially greater that at any oth-
er point in the ECG signal for a cardiac cycle. Thus, by
applying a time window to isolate the ECG signal asso-
ciated with a given heartbeat and looking for the differ-
ence between the maximum and minimum amplitudes
(i.e. the amplitude range) in that window, the amplitude
difference will be substantially greater when the window
contains the downward stroke from the peak of the R-
wave to the bottom of the S-wave (see Fig. 1). An ad-
vantage of using amplitude changes to identify charac-
teristic features such as the QRS complex is that the
method is independent of the absolute amplitudes of the
R- and S-peaks. Reliable peak detection may therefore
be achieved even under conditions of significant wan-
dering of the baseline signal. Furthermore, even if the
ECG measurement (e.g. electrode) position is changed
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and the absolute amplitudes of the R- and S-peaks are
altered, the same method can identify the QRS complex
more reliably than detection techniques that rely on ab-
solute measurement of amplitude features relative to the
baseline.
[0016] A peak identification algorithm that uses the
measured amplitude changes for detection can reliably
eliminate the T-wave when identifying the R-peak, or vice
versa. Firstly, the gradient of the amplitude change is
typically much lower for a T-wave than during the R-S
phase of the cardiac cycle so the amplitude range is con-
siderably lower. Secondly, even if the T-wave were to
have an absolute amplitude comparable to the R-wave,
by looking for a maximum amplitude difference the algo-
rithm can identify the QRS complex from the amplitude
dip following the R-peak to a minimum at the S-wave,
which enables it to be distinguished from the T-wave.
[0017] It is desirable that the key data extracted from
an ECG signal comprises at least the temporal position
of the R-peak and the R-S amplitude. The R-peak spac-
ing can be used to later calculate the heart rate (as men-
tioned above), while the R-peak or R-S amplitude is
known to vary in synchrony with a patient’s respiratory
cycle and may therefore be used to calculate heart rate
variability and/or respiration rate (as will be described
below). However, for different patients and/or in different
clinical settings the device may be used to monitor a
range of cardiac occurrences based on time and/or am-
plitude values other than those associated with the R-
peak. Furthermore the position of the ECG measuring
means (e.g. electrode lead position) can change the car-
diac view and the relative magnitudes of the character-
istic features (P-wave, QRS complex, T-wave) seen in
the ECG signal. Preferably the key data comprises at
least the temporal position of one of the characteristic
features in the ECG signal. As will be understood from
Fig. 1, these characteristic features can each provide a
marker in the ECG signal that the processor can then
use to identify other features of interest e.g. according to
their relative position and/or amplitude. Further compo-
nent(s) of the key data, corresponding to one or more
pre-defined features of the ECG signal, may be identified
for a range of purposes. Starting from the temporal po-
sition of one of the characteristic features, various further
features of the ECG signal may be identified by measur-
ing the amplitude changes in time e.g. using methods
analogous to the peak identification algorithm mentioned
above.
[0018] It will be understood that the characteristic fea-
tures in a human ECG signal are the peaks and troughs
of the ECG waveform conventionally labelled P, Q, R, S
and T, e.g. as shown in Fig. 1, and typically referred to
as the P-wave, QRS complex, and T-wave. The presence
and/or relative appearance of these characteristic fea-
tures in the ECG signal may depend on the bodily position
of the ECG measuring means, as well as varying from
patient to patient and changing in time e.g. due to health
conditions. For example, with ECG measuring electrodes

in the Lead I position the R-peak is expected to be larger
than the T-wave, but in the V3 or V4 position the T-wave
may be a stronger feature than the R-peak. However, at
least one of the characteristic features will always be
present and thus identifying its temporal position can pro-
vide a marker enabling the processor to look for other
features in the ECG signal. Preferably the processor is
programmed to identify one of the "strong" characteristic
features in the ECG signal as the temporal marker which
then facilitates detection of other features, i.e. the char-
acteristic feature is preferably the R-peak or T-wave.
[0019] It will be appreciated that devices according to
the invention benefit from a particularly efficient data
processing regime in the onboard processor. Rather than
transmitting all of the raw data sampled from the ECG
signal, the processor is programmed to look for certain
key data that can be attributed to features of interest, and
potentially of clinical significance, in the ECG signal aris-
ing from each heartbeat. Furthermore, rather than simply
applying a window to a portion of the signal of interest
and transmitting all of the data in that window, the proc-
essor extracts a time or amplitude value as a piece of
key data and discards other data in the heartbeat window.
The processor has been programmed so that it is intel-
ligent enough to look for one or more specific features of
the ECG signal and only extract key data for transmission
when the features are found. The processing therefore
goes beyond mere data compression. By programming
the processor to apply a data analysis tailored for iden-
tification of particular feature(s) in the ECG signal, the
processing power can be minimised. For example, the
maximum amplitude difference may be used to identify
the R-peak while the gradient of the amplitude changes
may be used to identify the P-wave or T-wave.
[0020] The primary purpose of the time window is to
isolate the sampled data associated with a given heart-
beat so as to separate the ECG signals from different
heartbeats (see e.g. Fig. 1). The width of the time window
is variable and the processor can be programmed to ap-
ply any suitable size of window. Preferably the time win-
dow is sufficiently wide to capture up to all of the data
sampled from the ECG signal generated by a given heart-
beat, but not so wide as to include overlapping data from
adjacent heartbeats. The processor may be programmed
to apply a time window that is smaller than the whole
ECG signal associated with a heartbeat, e.g. so as to
focus in on one or more portions of the signal. However
it is preferable that the time window is not too narrow so
that it can include a number of sampled data points and
therefore amplitude changes in the window can be ac-
curately measured. The time window may have a width
of at least 5 ms, 10 ms, 20 ms, 30 ms, 40 ms, 50 ms, 60
ms, 70 ms, 80 ms, 90 ms, or 100 ms. The time window
may have a width of up to 500 ms, 600 ms, 700 ms, 800
ms, 900 ms, 1 s, or any width matching the R-R interval
of a given ECG signal. For a typical adult resting heart
rate of 60 bpm the R-R interval is around 1 s. Within the
time window, the data is preferably sampled at a high
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enough rate to provide good resolution of the amplitude
and time values, for example at at least 100 Hz and pref-
erably around 1 kHz (as will be discussed below). A sam-
pling rate of 1 kHz provides a time resolution of 1 ms,
which is more than adequate for a time window of, say,
80 ms applied to identify the QRS complex in an ECG
signal for an adult subject being monitored at rest. The
time window may be made shorter for subjects that are
moving or undertaking physical activity, and for children,
to account for a shorter ECG signal.
[0021] This data processing regime has several ad-
vantages. Firstly, by translating a feature of interest once
it has been found to a single time or amplitude value the
bandwidth required for transmission can be kept to a min-
imum. The device provides security because the key data
that is identified is then transmitted as a raw time or am-
plitude value. Such values will not be meaningful if inter-
cepted without knowledge of the program that is being
run by the processor in the device. Furthermore, the
processing carried out by the device does not go beyond
identification of a particular amplitude or time value, e.g.
the clinical significance or otherwise of the key data is
left for evaluation after transmission. Subtleties con-
tained in the ECG signal may therefore be preserved.
There are also benefits in terms of data integrity and en-
abling checks to be made outside the device based on
the key data in its raw form. The device may comprise a
data storage means connected to the processor for local
storage of the key data, for example as a back-up if there
is a problem with wireless transmission.
[0022] The processor may be programmed to run one
or more "identification" algorithms that seek to identify a
particular pre-defined feature of interest in the ECG sig-
nal generated by each heartbeat. Each feature may be
represented by key data in the form of a time and/or am-
plitude value which can then be transmitted for further
analysis. The identification of the key data may be carried
in the time domain or the frequency domain. For example,
if the time window is made relatively large so as to capture
substantially the whole ECG signal generated by a heart-
beat then the sampled data can be transformed into the
frequency domain before looking at the amplitude chang-
es. However, if seeking to provide a time value corre-
sponding to a pre-defined feature then the processor may
need to transform back into the time domain before out-
putting that part of the key data. Processing in the time
domain may therefore be more straightforward, although
the processor can be programmed to carry out either time
or frequency analysis, as desired.
[0023] In preferred embodiments the device can be
programmed so as to identify certain features that are of
interest for a particular patient wearing the device. The
processing carried out by the device can therefore be
made patient-specific, or condition-specific e.g. for stroke
monitoring. Such programming may be carried out before
the processor is sealed into the device, especially if the
processor is re-used in the manufacture of re-furbished
devices as described in the Applicant’s co-pending ap-

plication claiming priority from GB 1101857.9. The device
can be re-programmed during use to change the pre-
defined features and the key data identified. The proc-
essor may be programmed to run a particular algorithm
selected from a number of programs stored in a local
memory. Alternatively, or in addition, the processor may
be programmed via the wireless transmission link, for
instance a new program may be downloaded onto the
device from a remote controller or gateway device (see
below). It is therefore possible to dynamically program
the device while it is being worn by a patient, e.g. chang-
ing the content of the key data in response to changes
in the patient’s condition or because medical personnel
wish to select one or more particular features of the ECG
signal to monitor.
[0024] Some further examples of the key data that may
be extracted from an ECG signal are given here, each
of which may be identified alone or in combination
through appropriate programming of the processor. It will
be appreciated that a clinical evaluation may rely on the
analysis and comparison of more than one feature.
[0025] In one example, the key data comprises the
temporal position and/or amplitude corresponding to the
P-wave. An absence of the P-wave, together with a gen-
eral fibrillation, strongly indicates atrial fibrillation, a caus-
al factor in around a third of all strokes (and those with
the poorest outcome for sufferers). Another clinical eval-
uation might look at amplitude variations in the P-wave,
such as a sawtooth form, that indicate atrial flutter.
[0026] In another example, the key data comprises the
temporal position and/or amplitude corresponding to the
T-wave. A depressed T-wave may be a sign of myocar-
dial ischaemia.
[0027] In another example, the key data comprises the
amplitude of the S-T segment of the ECG signal. An el-
evated S-T segment may be associated with myocardial
infarction, acute pericarditis and left ventricular aneu-
rysm.
[0028] In another example, the key data comprises the
temporal extent of the Q-T interval. A shortened Q-T in-
terval, in combination with a widened T-wave, is usually
a sign of hypercalceamia (elevated calcium in the blood)
and may be associated with sudden cardiac death, most
likely due to ventricular fibrillation. A lengthened Q-T in-
terval due to hypocalceamia indicates a propensity to
ventricular tachyarrhythmias that may lead to syncope,
cardiac arrest or sudden death. This is of particular im-
portance in paediatric patients.
[0029] It has been recognised that the accurate iden-
tification of many features in the ECG signal relies on
amplitude measurement, but it may not be possible to
measure an absolute amplitude value. In fact the base-
line amplitude level constantly and normally shifts for var-
ious reasons, particularly for ambulatory subjects (so-
called baseline wander). It is therefore preferable that
the processor simultaneously performs amplitude cali-
bration. For example, the processor may be programmed
to perform a statistical analysis of the detected amplitude
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value for peaks in the signal, and to set a threshold am-
plitude that is independent of the baseline amplitude level
(and shifts in that level). Such analysis may be carried
out intermittently, but preferably the calibration is contin-
uous or near-continuous. This allows the processor and
its identification algorithm(s) to dynamically adapt to
changes to the ECG signal in real time e.g. due to move-
ment of the subject being monitored. This feature can be
important when measuring a R-S amplitude value that is
then used (preferably externally of the device) to calcu-
late clinical parameters such as heart rate variability
and/or respiration rate, as will be described below.
[0030] In order to simplify the transmission of key data
from the device, each key data point is preferably output
as a single time and/or amplitude value. Such values can
be output as only a few bytes of data. Preferably the
processor is programmed to identify a limited number of
key data, for example only one, two, three or four different
time and/or amplitude values. This keeps the message
size for transmission to a minimum and reduces the band-
width required. For example, a transmission message
for R-peak data may only comprise two pieces of key
data: the R-peak time stamp (e.g. 4 bytes) and the R-S
amplitude (e.g. 2 bytes). For messages relating to fea-
tures other than the R-peak, the data bytes may instead
be used to send other amplitude and/or time values. The
key data may be labelled by a tag e.g. having a size of
1 byte. The data message for each heartbeat can then
be reduced, for example, to a size of only 8 bytes.
[0031] In some embodiments the key data may com-
prise information other than the time stamp (or a calcu-
lation of heart rate), alternatively or in addition. The data
processing means may apply a more complicated algo-
rithm to calculate the heart rate variation (HRV). However
it is preferable that the HRV is calculated outside the
device, e.g. in a gateway device as will be described be-
low.
[0032] HRV may be calculated using time or frequency
domain processing (or some combination of both). The
Applicant has appreciated that an HRV analysis makes
it possible to measure a subject’s respiratory rate (RR)
indirectly from the cardiac rhythm, sometimes called de-
rived respiratory rate (DRR). For example, known algo-
rithms can use the ratio of the time between a pair of R-
R peaks and the successive R-R peak, together with time
and/or frequency domain processing combined with the
associated amplitude of the R peaks, to calculate the
number of breaths per minute. Whereas, conventionally,
respiration monitoring is achieved directly by spirometers
or nasal thermocouples, or indirectly by transthoracic im-
pedance or strain gauge measurement of chest circum-
ference. Furthermore, the derived RR data may be com-
bined with HR data and both transmitted together as key
data. Knowledge of respiratory patterns can be clinically
useful where the ECG is continuously or routinely mon-
itored; for instance, the clinical significance of certain car-
diac arrhythmias can be more easily understood with ref-
erence to respiration. By way of example, apnea may be

associated with tachycardia, increased ventricular ecto-
py or asystole, whereas congestive heart failure and
chronic lung disease may result in both tachypnea and
tachyarrythmia.
[0033] Thus in one set of embodiments the key data
comprises a measurement of both heart rate (HR) and
data relevant to respiratory rate (RR). Such calculations
are made possible by the processing power of the data
processing means, based on suitable algorithms. There
is disclosed herein a cardiac monitoring device compris-
ing means for measuring ECG signals, data processing
means arranged to process the ECG signals to provide
key data comprising heart rate (HR) and at least one of
heart rate variability (HRV) or respiratory rate (RR), and
means for wirelessly transmitting the key data from the
device.
[0034] It will be appreciated that devices according to
the invention may not necessarily process ECG signals
relating to every heart beat as this is not essential to
calculating at least the average heart rate and, in addition,
heart rate variability (HRV) and/or respiratory rate. How-
ever, it is preferred that ECG signals are continuously or
near-continuously received by the processing means
and each ECG signal associated with a heartbeat is proc-
essed to provide the key data, as is described above with
respect to the invention, so as to maximise the accuracy
and information content of the key data. In order to reduce
the amount of data transmitted and analysis required re-
mote from the device, the key data preferably comprises
heart rate (HR) and respiratory rate (RR), wherein the
respiratory rate is preferably a derived respiratory rate
(DRR) derived from a heart rate variability (HRV) analy-
sis. The key data provided by the monitoring device can
be comparable to that obtained from standard bedside
monitoring equipment requiring attachment to the sub-
ject.
[0035] According to the invention defined above, the
key data that is made available as a result of the data
processing taking place in the device can simplify the
data acquisition and display means of a receiver associ-
ated with the wireless transmitter. In the monitoring de-
vice the wireless transmitter or transmission means is
preferably arranged to transmit the key data (and any
other data) to a receiving means comprising a display
and a user interface (e.g. handheld, mobile or desktop
device). The receiver may do no more than display the
actual HR (and, optionally, RR data) made available by
the device. The associated receiver may be any hand
held, mobile or desk top device such as a smart phone,
laptop, netbook or PC. Thus according to the invention
there can be delivered direct to a clinician meaningful
data which does not require any further analysis. How-
ever, as was mentioned above, there can be a benefit in
reducing both the data processing and transmission pow-
er required by identifying time and/or amplitude value(s)
corresponding to one or more feature(s) of the ECG sig-
nal and then transmitting those raw values as key data
for subsequent analysis in the receiving means or be-
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yond.
[0036] The receiving means may be connected to a
database or electronic patient record system. The receiv-
ing means may be arranged to receive data from one or
a number of monitoring devices. A remote monitoring
system may comprise one or more cardiac monitoring
devices according to the invention, one or more receivers
each wirelessly connected to one or more of the moni-
toring devices, and data display and/or storage means
associated with the receiver(s).
[0037] The monitoring system preferably takes the
form of a distributed network comprising a plurality of
monitoring devices. Each of the monitoring devices may
be wirelessly connected directly to a receiver provided
by a central server. The server may provide a central
data display and/or storage means. The server may also
carry out further analysis based on the key data that it
receives, for example calculating heart rate and/or res-
piration rate that can be output to a display. A number of
monitoring devices, whether associated with the same
or different subjects, can be connected to the same serv-
er. The server may output patient-specific data via a wire-
less link to display units or browser-enabled devices,
such as a smart phone or tablet carried by a clinician.
[0038] If the monitoring devices are worn by a number
of different patients then it can be preferable that data
relating to each patient is kept separate. Especially when
the key data transmitted by the monitoring devices is raw
data that is preferably further processed or analysed be-
fore being displayed and/or stored, it can be preferable
for the monitoring device(s) worn by a given patient to
transmit to a dedicated gateway device rather than to a
central server in the network. Thus in a preferred set of
embodiments the distributed network comprises a plu-
rality of receivers, preferably each of the receivers com-
prising a network gateway device connected to the cen-
tral server. Each network gateway device is preferably
paired with the monitoring device(s) worn by a particular
subject. In other words, it is preferable that the network
gateway device is arranged to receive wireless transmis-
sions from one or more cardiac monitoring devices only
if they are identified as being associated with a given
subject. It is understood that a particularly robust ECG
evaluation system for a given subject preferably compris-
es at least one of the monitoring devices as outlined
above in combination with a dedicated gateway device
that is arranged to receive the key data as transmitted
by the wireless transmitter. The gateway device may
comprise a suitable wireless receiver.
[0039] It will be appreciated that more than one mon-
itoring device may be paired with the gateway device.
For example, the gateway device may be arranged to
receive key data from multiple devices that are mounted
in different positions on a subject or from different devices
that are programmed to look for different features in the
ECG signal. The gateway device may be further arranged
to receive wireless transmissions from one or more other
monitoring devices associated with the subject, such as

a blood oxygen monitor. The pairing of the gateway de-
vice can be controlled by arranging the gateway device
to receive identification information relating to each mon-
itoring device for which it is to receive wireless transmis-
sions and/or relating to the subject being monitored. It is
advantageous that the gateway device is exclusively al-
located to a particular subject, so that all data received
at that device relates to the same person. The gateway
device may comprising a data storage means to provide
local storage and a back-up to any central server.
[0040] In one set of embodiments, each network gate-
way device preferably comprises a processor that is pro-
grammed to analyse the key data that it receives. Where
the key data comprises at least the timestamp of the de-
tected R-peaks, then the gateway processor can calcu-
late the heart rate. The gateway device can provide an
output comprising heart rate and, in addition, preferably
comprising one or more further clinical parameters such
as respiration rate or a parameter relating to a pre-defined
feature of interest in the ECG signal. For example, the
respiration rate can be calculated by analysing the tem-
poral variation of the R-S peak amplitude, using an am-
plitude modulation or frequency modulation algorithm. In
another example, the gateway device may output a warn-
ing when the amplitude value of the P-wave drops below
a certain threshold indicative of atrial fibrillation and the
potential risk of stroke. It can be particularly advanta-
geous for the gateway device to process the data that is
incoming from a number of different cardiac monitoring
devices connected to a subject in different lead positions,
as different features of the ECG signal may be better
observed in other lead positions than the commonly used
Lead I position.
[0041] The key data received by the gateway device
can be forwarded to a central server in the network, for
the purposes of integrity, even though analysis is carried
out by the gateway device. The gateway device may com-
prise a data storage means for local back-up.
[0042] In another set of embodiments, each network
gateway device may function solely to manage the data
being received from a subject’s monitoring device(s) and
to forward this data to a central server in an appropriate
fashion. The gateway device may also send an output to
a display unit or browser-enabled device e.g. handheld
wireless smart phone or tablet. If the processing carried
out in the cardiac monitoring device has already calcu-
lated the heart rate, for example, then this can be dis-
played directly to clinicians without any further process-
ing being required.
[0043] While a networked system of gateway devices
can be particularly suitable for managing key data, es-
pecially raw data, that is wirelessly transmitted for a
number of subjects being monitored, the Applicant has
recognised that a patient-specific system architecture
can provide benefits in any distributed health monitoring
situation. There is also disclosed herein a health moni-
toring system comprising a plurality of health monitoring
devices, at least one of the devices being wearable by
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each of a respective plurality of subjects being monitored,
and a corresponding plurality of network gateway devic-
es, with each of the network gateway devices being ar-
ranged to wirelessly pair with the monitoring device(s)
identified as being associated with a given subject being
monitored. It is seen that each gateway device is ar-
ranged to exclusively receive wireless transmissions
from a given subject’s monitoring device(s). Each of the
plurality of network gateway devices may be connected
to a central server by an internet connection, either eth-
ernet or wireless.
[0044] To ensure that each gateway device is exclu-
sively paired with the monitoring device(s) for a given
subject, it may be arranged to receive identification in-
formation relating to the monitoring device(s) with which
it is to pair and/or relating to the subject being monitored.
Such identification information may be directly input to
the gateway device (e.g. by a local user), but preferably
the gateway device serves only as a data display and/or
forwarding unit without allowing any user input. Rather it
is preferred that the gateway device receives the identi-
fication information from a central server. The server may
also provide configuration information relating to a par-
ticular monitoring device to the gateway device so that it
not only knows to connect to certain identified monitoring
device(s) but also knows what to expect to receive from
the device(s) e.g. the type of key data being transmitted.
The server may act to reconfigure the gateway device at
any time, e.g. to disconnect from a particular device and
connect to another. Preferably the gateway device dis-
plays an output that identifies the monitoring device(s)
connected thereto.
[0045] There will now be described some preferred
features that are applicable to the invention.
[0046] The cardiac monitoring device may be mounted
or affixed to a subject by any suitable means. However,
due to the integrated nature of the device with the data
processor sealed inside the substrate, it is particularly
suitable for use as a self-adhesive monitor rather than
as a monitor that is held in place by a chest strap or other
mounting means. According to a set of particularly pre-
ferred embodiments the means for measuring ECG sig-
nals comprises at least two electrodes for making elec-
trical connection to the skin of a mammalian subject, and
self-adhesive means for attaching the substrate to the
subject. In one set of embodiments the substrate com-
prises a laminated structure which has the data process-
ing means embedded between a pair of layers thereof.
[0047] The means for measuring ECG signals prefer-
ably comprises a pair of electrodes, commonly known as
an ECG "lead". Any lead position may be used, depend-
ing on the angle at which it is desired to view the heart.
However, as is mentioned above, certain feature(s) to
which the key data relate may be better observed in a
particular lead position and the attachment of the device
can therefore be chosen depending on the key data that
is to be extracted from the ECG signal. In Lead I position,
for example, the electrode pair is positioned across the

chest from right arm (RA) to left arm (LA) so as to measure
the voltage difference between the RA electrode and the
LA electrode. However the Applicant has appreciated
that integrated cardiac monitoring devices in accordance
with the invention may be particularly useful for making
multi-lead ECG measurements, for example by affixing
two or more of the devices at different lead positions on
the body. Thus a Lead II measurement could be made
by positioning one device in the right arm (RA) position
and another device in the left leg (LL) position, while a
Lead III measurement could be made by positioning one
device in the left arm (LA) position and another device in
the left leg (LL) position. More complex lead positioning,
such as 3-lead, 5-lead and 12-lead ECG monitoring,
could be carried out using multiple devices. Thus the in-
vention may also extend to a cardiac monitoring system
comprising a plurality of the cardiac monitoring devices
attached to a subject in different lead positions. In such
a system it is preferable for the devices in their different
lead positions to be paired with the same gateway device
that is allocated to the subject being monitored. A rela-
tively sophisticated output can then be provided from an-
alysing the key data collected in the different lead posi-
tions.
[0048] It will be apparent from the discussion above
that the sampling rate, that is the frequency at which the
processing means samples the received ECG signals,
can be important in determining the type and/or accuracy
of the key data provided by the device. In order for each
ECG signal associated with every heartbeat to be sam-
pled, the sampling rate must be at least of the order of a
slow heart rate e.g. 60 bpm or 1 Hz. For the key data to
provide heart rate alone it may be sufficient for the sam-
pling rate to be around 1-10 Hz. Standard wired ECG
monitors typically sample at 125-250 Hz. However, the
Applicant has recognised that it is desirable for the
processing means to be able to apply a much higher sam-
pling rate to an ECG signal than is conventional, so as
to achieve a greater accuracy in determining the posi-
tions of the R peaks and resolving other features of in-
terest in the ECG signal. In a preferred set of embodi-
ments the processing means digitises the received ECG
signals at a rate of > 250 Hz, and further preferably at a
rate > 500 Hz, > 750 Hz, or around 1 kHz. The higher
accuracy provided by this increased sampling rate offers
greater scope for the application of quantitative HRV
analysis, where temporal variations in the order of a few
milliseconds or less are of significance. Such sampling
rates may be achieved, for example, in a 32 bit micro-
controller, preferably provided on a chip, such as the
EFM32 available from Energy Micro. Thus in a preferred
set of embodiments the data processing means compris-
es a microcontroller.
[0049] As is mentioned above, an important advantage
of the invention is that the entire ECG signal peak is not
necessarily transmitted wirelessly from the device as the
data processing means extracts key data such as heart
rate (HR), or heart rate (HR) and respiratory rate (RR) /

13 14 



EP 2 670 295 B1

9

5

10

15

20

25

30

35

40

45

50

55

heart rate variability (HRV), or key data comprising the
temporal position of the R-peak and at least one time or
amplitude value associated with another feature of inter-
est in the ECG signal. It will be appreciated that other
key data may be extracted from the ECG signal as well.
The device can thus benefit from lower data transmission
rates and lower bandwidth requirements than previously
known. In a set of embodiments the device operates in
a first mode of operation wherein only the key data is
made available. This corresponds to a low power mode
of operation that reduces the power consumption of the
wireless transmitter and thus can prolong battery life. In
this mode of operation the data processor may sample
the data received from the ECG signals at a rate lower
than the digitisation rate, so as to save power. For ex-
ample, the processor may only sample one in four of the
digitised data points. This may be enough to generate
accurate key data while still maintaining capacity for high-
er accuracy processing where necessary or desirable.
[0050] Although in one mode of operation the device
prepares and transmits key data relating to the measured
heartbeats, the device may operate in another mode of
operation wherein the raw data from the measured ECG
signals is provided to the wireless transmitter. In such a
mode of operation there may be little or no burden on the
data processor but a larger bandwidth may be required
to transmit the data. The raw data may, for example, com-
prise a time interval measurement (e.g. R-R time interval)
and/or an amplitude measurement (e.g. R-S amplitude)
for the ECG signal associated with a heartbeat. The de-
vice may switch into such a mode of operation from time
to time, for instance on demand, so that the raw data can
be used for purposes including calibration, error-check-
ing and/or debugging. However, as is described above,
when the processor is programmed to apply a time win-
dow to the sampled data and measure the amplitude
changes in the window, the amplitude changes can be
used to identify key data in the form of time and/or am-
plitude values that is a sub-selection of the raw data sam-
pled from the ECG signal. Such key data can be extracted
continuously and transmitted from the device in a con-
stant mode of operation without representing a large data
load and power consumption.
[0051] In one or more modes of operation the device
may make available other data from an ECG signal, such
as measurement of the ECG signal waveform, in addition
to or instead of the key data. Thus in another, not mutually
exclusive, set of embodiments the device operates in a
second mode of operation wherein a measured ECG sig-
nal waveform is made available. In this second mode of
operation the measured ECG signal waveform may be
transmitted independently or together with the key data.
Although this corresponds to a higher power mode of
operation, the full ECG signal may be required at certain
times, for example when setting up, for calibration, and/or
when a full waveform view is desired for clinical analysis.
The device may switch between the first and second
modes of operation on demand. Preferably the first mode

of operation is the default mode so as to minimise power
consumption. However the device may be arranged to
temporarily switch into the second mode of operation at
programmed intervals, for example once every 10 min-
utes or once an hour, so as to provide a snapshot of the
ECG signal waveform.
[0052] In some embodiments the device may be in-
structed to operate in such a second mode of operation
(in which the measured ECG signals are provided to the
wireless transmitter for transmission) as a result of an
analysis of the key data. The analysis of the key data,
either carried out by the processor in the device or ex-
ternally of the device, may indicate that there are some
features in the ECG signal that should be viewed in more
detailed, e.g. by a skilled clinician studying the ECG
waveform and/or by further analysis being carried out.
The device or a monitoring system comprising the device
may therefore elect to switch into a mode that transmits
the full ECG signal when there is found a particular need
to do so.
[0053] Another piece of data that may be transmitted
from the device in addition to the key data extracted from
the ECG signal is an indication of the current battery volt-
age or remaining battery power.
[0054] The Applicant has recognised that is it desirable
to minimise the power consumption of the device, espe-
cially if it is a single-use device containing an integrated
battery and thus having a finite lifetime. However low
power consumption is desirable even if the device is re-
chargeable, so as to prolong its period of use and to pro-
vide for uninterrupted subject monitoring. In addition to
providing a low power, first mode of operation as de-
scribed above, it is preferable for the device to also pro-
vide a standby, third mode wherein substantially no pow-
er is drawn by the processing means. Thus in a set of
preferred embodiments the processing means is ar-
ranged to switch the device into a substantially zero pow-
er mode when no ECG signals have been measured and
received for a certain time period, e.g. 10 minutes. Thus
the device can detect itself when it is not in use, e.g. not
attached to a subject, and switch into a standby mode of
operation. The wireless transmitter may be arranged to
transmit a signal indicating when the device is switching
into a standby or sleep mode.
[0055] Additionally or alternatively, the device may
comprise attachment sensing means to give an indication
of whether or not it is attached, or properly attached, to
the subject. This could, for example, prevent operation
of the device unless attachment is detected, to avoid op-
erating the device inadvertently or to avoid erroneous
results being obtained by operating the device when it is
not properly in contact with the subject. Attachment may
be sensed by a physical sensor, such as a contact sen-
sor, or from the data collected by the data processor, e.g.
by analysing the signal-to-noise ratio to determine when
the device is not properly attached to a subject. The data
processing means may use such an attachment sensor
to determine when to switch in and out of a zero power
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or standby mode of operation.
[0056] In a preferred set of embodiments the wireless
transmitter is arranged to transmit the key data (and any
other data) to a suitable remote receiver. This could allow
the periodic downloading of data when the device is in
the presence of, or connected to, a suitable reader, so
that real-time communication is not necessary. Data may
therefore be extracted from the device on demand. As is
mentioned above, the data processing means may com-
prise an electronic memory for temporary or longer term
storage of data therein. The electronic memory may com-
prise a rewritable memory - e.g. flash memory - in order
to allow some degree of reprogramming to configure it,
to provide software updates, etc.
[0057] However the wireless transmitter or transmis-
sion means is more preferably configured to permit the
regular, frequent or continuous transmission of data.
Thus in a set of preferred embodiments the wireless
transmitter is arranged to transmit the key data associ-
ated with every measured heartbeat on a real-time basis.
In another set of embodiments the wireless transmission
means is arranged to transmit key data comprising HR
and at least one of HRV or RR on a regular basis, such
as every 10, 20, 30, 40, 50 or 60 seconds, or every one,
two, three, four or five minutes. Alternatively, messages
containing key date in the form of time and/or amplitude
values may be transmitted regularly, on a near-continu-
ous basis, as the key data is extracted from every heart-
beat. Such messages may be transmitted at a rate of 1,
2, 3, 4, 5 or up to 10 Hz. An electronic memory may not
then be required, although it may still be provided for data
back-up purposes.
[0058] In a set of preferred embodiments, the wireless
transmitter comprises a radio transmitter. An example of
a suitable radio transmitter is the ANT wireless transceiv-
er designated AP2 which is available from Nordic Sem-
iconductor ASA. Although the ANT wireless protocol is
one preferred low power protocol that employs relatively
low data rates, the wireless transmitter may employ any
suitable protocol for data transmission. For example, the
wireless transmitter may use Bluetooth™ technology.
[0059] The wireless transmitter or transmission means
may make the key data (and other data) available to any
receiver within range e.g. 5m. However it is preferred that
the transmitter connects to an associated receiver, for
example provided by an associated gateway device, so
as to ensure that data is only transmitted to the intended
receiver and to avoid cross-talk where the data from one
subject may be confused or interchanged with that from
another. This enhances system robustness and safety.
If a Bluetooth™ wireless protocol is used then this may
correspond to device pairing. The wireless transmitter is
preferably arranged to connect with an associated re-
ceiver upon activation of the device. Where the device
is provided with an attachment sensor, as mentioned
above, this may provide the transmitter with an instruction
to find and connect to a receiver.
[0060] The wireless transmitter may employ any suit-

able protocol for data transmission. As mentioned above,
the ANT wireless protocol is one preferred low power
protocol that employs relatively low data rates. In order
to minimise power consumption the wireless transmitter
preferably transmits a message for each heartbeat. The
message contains at least the key data relating to the
heartbeat. Other data may also be provided in at least
some of the messages. With the ANT message protocol
it has been found that a message containing 8 bytes of
data can be sufficient to transmit the key data. Preferably
each message comprises a message identifier or ’tag’.
The message identifier may be a sequential number so
that missing data is easily detected and can be ignored
or interpolated. Each message may comprise a header
specifying the message type, for example specifying an
error message instead of a data message. Other mes-
sage types may be used to signify the commencement
and/or termination of a message stream.
[0061] The Applicant has devised several ways to en-
sure that transmission of the key data is reliable. Firstly,
in a set of preferred embodiments each transmission
comprises a pair of messages, one message corre-
sponding to the last heartbeat and the other message
corresponding to the previous heartbeat. By repeating
each message twice, any one-off errors in the key data
may be detected and optionally corrected. Secondly, in
the same or another set of preferred embodiments the
transmitter waits for an acknowledgement of each trans-
mission or message being received. The transmitter than
then hold the message(s) and re-transmit until acknowl-
edgement is received or timed out. These redundancy
mechanisms help to minimise data loss and may be used
alone or in combination.
[0062] While the data processing means is sealed with-
in the substrate of the monitoring device, it may be con-
nected to the means for measuring ECG signals in any
suitable way. As is mentioned above, in a set of particu-
larly preferred embodiments the measuring means com-
prises an electrode assembly comprising at least one
pair of self-adhesive electrode pads for attaching the as-
sembly to a mammalian subject. It is further preferable
that the electrical connection between the pads and the
data processing means comprises at least one extendi-
ble electrical connection. The extendible electrical con-
nection(s) between one or both of the electrode pads
and/or the data processing means allows relative move-
ment, particularly axial movement, between the elec-
trodes and the rest of the assembly without compromis-
ing the integrity of the electrical connection. This is ben-
eficial in allowing a large range of movement of the sub-
ject whilst minimising problems associated with the elec-
trode becoming detached or giving inaccurate results giv-
en as a result of motion artefacts, such as electrical noise
being introduced by movement of the electrode pad rel-
ative to the subject’s body. Because the electrical con-
nection between the pads is extendible the pads are able
to "float" relative to the substrate and move with the body
without applying a mechanical stress to the electrical con-
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nection. The electrode assembly preferably comprises a
laminated structure with the data processing means
sealed between two layers thereof. Such an electrode
assembly is the subject of the Applicant’s co-pending pat-
ent application.
[0063] It will be appreciated that cardiac monitoring de-
vices according to the invention are not limited to moni-
toring cardiac function alone and may also monitor other
vital signs, using the same or additional measuring
means. In some embodiments other sensors than the
ECG measuring means may be provided to give further
functionality. For example, an accelerometer and/or
magnetometer may be provided which would allow the
electrode assembly to detect motion of the subject. Such
motion detection can be used to remove motion-related
artefacts from the ECG signal when monitoring an am-
bulatory subject.
[0064] Some preferred embodiments of the present in-
vention will now be described, by way of example only,
and with reference to the accompanying drawings, in
which:

Figure 1 is a schematic diagram of a typical ECG
signal for a healthy adult subject;
Figure 2 is a schematic electrical block diagram for
a cardiac monitoring device according to an embod-
iment of the present invention;
Figure 3 is a schematic overview of a remote moni-
toring system including the cardiac monitoring de-
vice;
Figure 4 is a schematic overview of another cardiac
monitoring system;
Figure 5 is a schematic overview of an exemplary
gateway in a monitoring system such as shown in
Figure 4;
Figure 6 is a view from beneath of an electrode as-
sembly for the cardiac monitoring device;
Figure 7 is a view of the electrode assembly of Figure
6 from above with the upper layer removed;
Figure 8 is a schematic cross-sectional view taken
vertically through the electrode assembly of Figures
6 and 7; and
Figure 9 is a schematic cross-sectional view of an-
other sensor assembly.

[0065] In Figure 2 there is seen a schematic layout of
the main electrical components of a cardiac monitoring
device 1. The device 1 comprises ECG measuring means
2 including a pair of ECG gel electrodes connected to an
input stage amplifier. An analogue ECG signal may be
amplified and filtered at the input stage. For example, the
millivolt level signal from the ECG electrodes may be
amplified while 50/60 Hz induced noise and higher fre-
quency muscle noise is filtered out. The input stage 2 is
designed to reduce the effects of motion artefacts and
ensures that the device 1 is suitable for ambulatory as
well as stationary subjects. The construction of the device
1 is described below with respect to Figs. 5-8.

[0066] The amplified and filtered ECGs signal are sup-
plied from the measuring means 2 to a data processing
means 4 comprising a data processor including a micro-
controller such as the EFM32 from Energy Micro AS. The
microcontroller is designed for very low power operation.
The measuring means 2 is connected to the input of an
analogue-to-digital converter (ADC) integrated in the mi-
crocontroller of the data processing means 4. There the
amplified and filtered ECG signals are digitised at 1000
samples per second (1 kHz) and processed so as to ex-
tract key data such as heart rate (HR) Or the processor
may not go so far as to calculate HR and instead it may
run a peak identification algorithm so as to detect the R-
peak in the signal (see Fig. 1) and extract key data com-
prising the time stamp of the peak and one or more other
time/amplitude values such as the R-S amplitude. This
sampling rate is much higher than standard ECG moni-
tors, which typically sample at only 125-250 Hz. The high
sampling frequency enables higher accuracy in deter-
mining the positions of the R peaks in the ECG signal.
This higher accuracy offers greater scope for the appli-
cation of quantitative HRV analyses where temporal var-
iations of the order of a few milliseconds or less are of
significance.
[0067] The key data is passed from the data process-
ing stage 4 to a wireless transceiver stage 6. The wireless
transceiver may use the ANT or other wireless protocols.
As the ECG signals have been processed and reduced
to key data, the wireless data rate and thus the power
consumption can be minimised. The device 1 also in-
cludes an electrical power supply circuit 8 connected to
a coin cell battery. A typical manganese dioxide lithium
battery coin cell (CR2032, 3 V, 200 mAh) can provide 25
to 30 hours of continuous operation.
[0068] Connection of the cardiac monitoring device 1
in one exemplary remote monitoring system is shown by
the schematic overview of Figure 2. The device 1 trans-
mits key data to a data acquisition platform (DAQ) over
a wireless transmission link. The processed data provid-
ed by the device 1 is transmitted in the form of messages.
According to one possible transmission protocol, a burst
message is sent for each heart beat, that is, for each R
peak detected in the ECG signal. Each message may be
made up of at least three parts: a header, a tag and a
key data value. The purpose of the header is to specify
the message type, e.g. data message or error message.
The numerical tag associated with each message ena-
bles successive messages to be uniquely identified and
allows the detection of gaps in the message stream. A
data message relating to R-peak detection might use 1
byte for the header, 1 byte for the tag, 2 bytes for the
amplitude value and 4 bytes for the time stamp, i.e. a
total message size of only 8 bytes. For non-R-peak mes-
sages the data bytes may be used to send other data
and parameters. Another type of message is a battery
status message, which may use the tag component to
send a single byte that can be converted to a battery
voltage value at a receiver.
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[0069] The monitor 1 extracts the key data from the
continuous ECG measurement and only forwards a mes-
sage to the data acquisition platform (DAQ) when re-
quired, namely when each heart beat is detected and the
heart rate or other information has been determined.
Each burst message contains a message identifier in the
form of a sequential number n, n+1, n+2, ... etc., together
with the key data or other data being transmitted. In one
example, heart rate (HR) may be derived from the ECG
amplitude and time measurements by an algorithm run
in the microcontroller and provided as key data. In other
examples, as mentioned above, the message may be
used to transmit raw data values corresponding to par-
ticular time and/or amplitude values identified in the ECG
signal. Typically, the ANT wireless message protocol de-
fines a burst message with 8 bytes of data payload, which
is sufficient to define the key data for many clinical ob-
servations. This guarantees very low power consumption
by the wireless transceiver stage 6. For example, at a
heart rate of 60 bpm the device 1 sends only one 8 byte
message per second - an extremely low data bandwidth
- and does not send messages unless there is new data.
[0070] In a particularly beneficial message transmis-
sion protocol, each wireless transmission comprises two
messages. At the start of a message stream a com-
mencement message is prepared by the data processing
stage 4 and its tag value is initialised at 0 (in decimal). A
data message is then prepared with tag 0 and relayed,
together with the commencement message, to the wire-
less transceiver stage 6. The transmitter stage 6 sends
the pair of messages to an associated receiver. For the
next heartbeat a second data message is prepared in
the data processing stage 4 with tag decimal value 2.
Both the first and second data message are sent to the
wireless transceiver stage 6. This new message is then
transmitted in a pair together with the previous message.
The transmission stream continues until the final ith data
message is transmitted along with the (i-1)th message.
The message stream is competed by a termination mes-
sage that is sent in a pair along with the final ith data
message. By sending each data message twice there is
provided a redundancy mechanism that helps to mini-
mise data loss.
[0071] As is shown in Figure 3, the cardiac monitoring
device 1 may be wirelessly connected to a data acquisi-
tion platform (DAQ) that also wirelessly receives meas-
urements from other monitors such as a pulse oximeter
and a blood pressure monitor. While the DAQ continu-
ously receives data from the cardiac monitoring device
1, it may also receive data quasi-continuously from the
other body worn monitors. The DAQ may synchronise all
the data received, carry out additional processing where
necessary, and forward the data to a data base or elec-
tronic patient record. A user interface on the DAQ allows
a user to enter patient details and various alerts or alarms
for each patient if any of the individual or correlated vital
sign values are outside programmed limits.
[0072] Figure 4 provides an overview of a network ar-

chitecture for a distributed patient monitoring system. Pa-
tient 1 is wearing two health monitoring devices, Device
1 and Device 2, that each have a wireless connection
with a dedicated patient gateway 50. The patient gateway
device 50 may provide an output to a user display (not
shown) and is also connected to a central server 60 for
the network. Patient 2 is wearing his or her own health
monitoring devices, Device 1 and Device 2, that may be
e.g. a cardiac monitoring device and another device such
as a blood-oxygen monitor. Both Device 1 and Device 2
are uniquely paired with another gateway device 50’ ded-
icated to that patient.
[0073] In one example the key data transmitted from
the wireless devices to each gateway device 50, 50’ may
be raw data comprising the QRS time stamp and one or
more further amplitude or time values, such as the R-S
amplitude value. As is seen from Figure 5, a typical gate-
way device 50 comprises a processor 54 that can analyse
the key data and calculate clinical parameters such as
heart rate and/or respiration rate. These parameters may
be stored in the gateway memory 56 as well as being
sent via a network interface 58 to the server 60. A gate-
way controller 52 can dictate the data analysis that is
carried out by the processor 54.
[0074] The gateway device 50 can receive signals from
the network, e.g. sent from the central server 60, via its
network interface 58. ID information may be provided that
acts to identify the patient for each gateway and the mon-
itoring devices associated with that patient. The ID infor-
mation is passed directly from the network interface 58
to the wireless interface 62 so as to bypass the gateway
controller 52 and ensure that the gateway device is ex-
clusively paired with the monitoring device(s) relating to
a given subject. Configuration information may also be
provided to the gateway device 50 which relates to the
data expected to be received at the wireless interface
62. The processor 54 can be dynamically configured (and
re-configured) to analyse the received data based on the
configuration information.
[0075] An electrode assembly for the cardiac monitor-
ing device 1 is shown in Figures 6 and 7. The electrode
assembly is based around a substrate 2 which is, for
example, made of a laminate comprising a medical grade
polyurethane foam layer on the base onto which is sealed
a polyethylene sealing layer (omitted from Fig. 6 for clar-
ity). The laminar construction is seen more clearly in Fig.
8. The substrate 2 has a narrowed portion 4 between the
wider part of the substrate and a bulbous end to which
is mounted a standard ECG gel electrode module 6, hav-
ing a central electrically conductive portion 8 surrounded
by adhesive. A similar electrode module 10 is provided
at the other end of the substrate. The electrode modules
6, 10 are available as standard parts, pre-approved for
human medical use. As these are the only parts of the
assembly to contact the subject directly, no additional
approvals for direct physical contact are required for the
rest of the assembly.
[0076] Sandwiched between the two layers of the sub-
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strate 2 are an electronics module 12, a button cell battery
14, a push button 16 and a connecting wire 18. The con-
necting wire 18 makes an electrical connection between
the conducting portion 8 of the first electrode module and
the electronics module 12. It may be seen that the con-
necting wire 18 has a serpentine shape allowing it easily
to extend or contract along the axis of the substrate 2.
This allows the whole assembly to be bent or stretched
in any direction without causing strain on the electrical
connection, potentially compromising the integrity of the
connection or the security of adhesion to the patient’s
skin. This flexible arrangement gives a more reliable elec-
trical signal from the electrode, which can in particular
aid accurate measurement of signal amplitude values for
calculating parameters such as the respiration rate, as
well as enhancing the wearer’s comfort.
[0077] The second electrode module 10 is connected
directly to the electronics module 12, as is the button cell
battery 14 and the push-button 16. The electronics mod-
ule 12 is provided on top of the second electrode module
10 so as to improve its mechanical stability. The elec-
tronics module 12 includes a microprocessor and a short-
range radio transmitter allowing the assembly to transmit
data to a suitable receiver. The push-button 16 is of the
momentary action type and is arranged initially to apply
power from the circuit 12 to initialise it and to maintain
the power supply. This allows for long shelf life since the
battery is not drained until it is required after being
switched on.
[0078] Fig. 8 gives a schematic cross-section through
the electrode assembly shown in Figs. 6 and 7. From this
it may be seen that the substrate 2 comprises a flexible
base layer 19 e.g. of polyethylene foam to which the two
standard ECG electrodes 6, 10 are attached. Laminated
to the other side of the base layer 19 is a sealing layer
20 of polyurethane foam. An air-tight pocket is formed
between the base layer 19 and the sealing layer 20 and
this accommodates the electronics module 12 and op-
tionally a further padding layer 22, also of polyurethane
foam. The electronics module 12 is thus sealed within
the substrate 2.
[0079] In use the device is switched on by pressing the
button 16 and is then attached to a subject by means of
the self-adhesive electrode modules 6, 10. Because both
the electrode modules 6, 10 and the substrate 2 are made
of medical grade polyurethane foam, the assembly meets
approval for human use. The device is relatively insen-
sitive to its precise placement on the body, although a
position that approximates the Lead I position (Left
Arm/Right Arm) may be used for the convenience of clin-
ical staff. More than one device may be positioned on
the body so as to provide multi-lead ECG measurements.
For example, a Lead II measurement may be made by
positioning one device in the right arm (RA) position and
another device in the left leg (LL) position, while a Lead
III measurement may be made by positioning one device
in the left arm (LA) position and another device in the left
leg (LL) position. More complex lead positioning, such

as 3-lead, 5-lead and 12-lead ECG monitoring, could be
carried out using multiple devices positioned on the body.
In a default mode of operation the device (or each device)
will then periodically transmit data relating to the subject’s
cardiac rhythm. Once the electrode assembly is no longer
being used for a particular subject, or once the battery
24 is exhausted, the device may be removed and sent
for recycling.
[0080] To recycle the device 1 the two layers are par-
tially separated at the left hand end (as viewed from Figs.
6 and 7). A line of weakness of other frangible portion
may be provided on one or both layers to facilitate this.
The battery 14, electronics module 12 and push button
16 may then be removed by pulling them out of the device.
Again a frangible or otherwise separable connect be-
tween the electronics module 12 and the electrode mod-
ule 10 and connecting wire 18 may be provided to facil-
itate this. Once removed, the battery 14 can be re-
charged, or recycled using standard facilities, and the
electronics module 12 and button 16 can be re-used in
the manufacture of further devices. The remainder of the
device, i.e. the substrate 12 and electrode modules 6, 10
that came into contact with the subject, is disposed of
using suitable medical waste protocols. The electronics
module 12 and button 16 may be cleaned and sealed
inside the two layers of a substrate in a new device, which
may then be sterilised ready for re-use.
[0081] Figure 9 shows a schematic cross-section
through the electrode assembly of a device having a
slightly different structure. It may be seen that, as before,
the substrate 102 comprises two carrier layers 119, 120
e.g. made of polyurethane foam that are laminated to-
gether to enclose the functional components of the de-
vice, namely a pair of electrode connectors 106, 110, an
electronics module 112, an extendible connecting wire
118 and a battery in a holder 114. The device is designed
such that assembly can be achieved quickly and easily
by hand. Furthermore, after use the functional compo-
nents can be removed by pulling open the laminated sub-
strate. While the electrode connectors 106, 110 and as-
sociated gel pads that have been in physical contact with
a patient may be discarded, the battery 115 and elec-
tronics module 112 can be re-used or recycled. In par-
ticular, a refurbished device can be made by incorporat-
ing the electronics module 112 into a new substrate.
[0082] The description above gives some examples of
a cardiac monitoring device embodying the invention but
is not limiting; many variations are possible. The elec-
trodes may be used to record biopotentials other than
ECG, e.g. EMG or EEG. For example the device may
have more than two electrodes. It could be provided with
additional sensors, e.g. one or more accelerometers,
contact sensors, temperature sensors etc..

Claims

1. A cardiac monitoring device (1) comprising a wear-
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able unit comprising:

a substrate;
means for measuring ECG signals (2);
data processing means (4) comprising a data
processor; and
a wireless transmitter (6);
wherein the data processing means (4) is sealed
within the substrate and arranged to receive the
measured ECG signals, to sample each ECG
signal associated with a heartbeat, to process
the sampled signal data in the data processor
to extract key data relating to that heartbeat, and
to provide the key data to the wireless transmit-
ter (6) for transmission; and
wherein the processor is programmed to apply
a time window to the sampled data to isolate at
least a portion of the data associated with a given
heartbeat and measure the amplitude changes
in that window, and to use the amplitude chang-
es to identify the key data, characterised in that
the key data comprise a time stamp of an R-
peak in a QRS complex in the ECG signal and
at least one further time or amplitude value cor-
responding to one or more pre-defined features
of the ECG signal;
wherein the at least one further time or amplitude
value corresponding to the one or more pre-de-
fined features of the ECG signal is chosen from
one or more of: (i) R-S amplitude; (ii) temporal
position of a P-wave; (iii) amplitude of a P-wave;
(iv) amplitude variations in a P-wave; (v) tempo-
ral position of a T-wave; (vi) amplitude of a T-
wave; (vii) amplitude of an S-T segment; and
(viii) temporal extent of a Q-T interval; and
wherein the data processor can be re-pro-
grammed during use by an instruction received
by the wireless transmitter (6) to change the one
or more pre-defined features and the key data
identified and provided to the wireless transmit-
ter (6) for transmission.

2. A cardiac monitoring device (1) as claimed in claim
1, wherein the data processing means (4) is pro-
grammed to digitise the measured ECG signals at a
rate of around 1 kHz.

3. A cardiac monitoring device (1) as claimed in claim
1 or 2, wherein the processor is programmed or re-
programmed to run an identification algorithm that
identifies a particular pre-defined feature of interest
in the ECG signal.

4. A cardiac monitoring device (1) as claimed in any
preceding claim, wherein the data processing means
(4) comprises a memory and the processor is pro-
grammed or re-programmed during use to run a par-
ticular algorithm selected from a number of programs

stored in the memory.

5. A cardiac monitoring device (1) as claimed in any
preceding claim, wherein the processor is arranged
to simultaneously perform amplitude calibration
based on the amplitudes measured in each window.

6. A cardiac monitoring device (1) as claimed in any
preceding claim, wherein the processor is arranged
to identify a limited number of key data comprising
one, two, three or four further time or amplitude val-
ues.

7. A cardiac monitoring device (1) as claimed in any
preceding claim, wherein the processor is pro-
grammed to further analyse the key data to provide
a measurement of one or more of: heart rate (HR),
heart rate variability (HRV) and/or respiration rate
(RR).

8. A cardiac monitoring device (1) as claimed in any
preceding claim, configured to transmit the key data
from the device (1) for further analysis outside the
processor.

9. A cardiac monitoring device (1) as claimed in any
preceding claim, configured such that an analysis of
the key data results in an instruction for the device
(1) to operate in another mode of operation in which
the measured ECG signals are provided to the wire-
less transmitter (6) for transmission.

10. A cardiac monitoring device (1) as claimed in any
preceding claim, wherein the wireless transmitter (6)
is arranged to transmit the key data to a remote re-
ceiver on a real-time basis.

11. A cardiac monitoring device (1) as claimed in any
preceding claim, wherein the wireless transmitter (6)
is arranged to transmit a message for each heart-
beat.

12. A cardiac monitoring device (1) as claimed in claim
11, wherein each message comprises a message
identifier.

13. A cardiac monitoring device (1) as claimed in any
preceding claim, wherein the data processor is pro-
grammed or re-programmed during use by the wire-
less transmitter (6) receiving a new algorithm down-
loaded from a remote controller or gateway device.

14. A cardiac monitoring device (1) as claimed in any
preceding claim, wherein the wireless transmitter (6)
is arranged to transmit the key data to a handheld
receiver comprising a display and a user interface.
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Patentansprüche

1. Vorrichtung (1) zur kardialen Überwachung, umfas-
send eine körpernah tragbare Einheit, umfassend:

ein Substrat;
Mittel zum Messen von EKG-Signalen (2);
Datenverarbeitungsmittel (4), umfassend einen
Datenprozessor; und
einen Funksender (6);
wobei das Datenverarbeitungsmittel (4) in dem
Substrat eingesiegelt ist und dazu eingerichtet
ist, die gemessenen EKG-Signale zu empfan-
gen, jedes einem Herzschlag zugeordnete
EKG-Signal abzufragen, das abgefragte Signal
in dem Datenprozessor zu bearbeiten, um die-
sen Herzschlag betreffende Eckdaten zu extra-
hieren, und die Eckdaten dem Funksender (6)
zur Übertragung bereitzustellen; und
wobei der Prozessor dazu programmiert ist, auf
die abgefragten Daten ein Zeitfenster anzuwen-
den, um mindestens einen Teil der einem gege-
benen Herzschlag zugeordneten Daten zu iso-
lieren und die Amplitudenänderungen in diesem
Fenster zu messen, und die Amplitudenände-
rungen zu verwenden, um die Eckdaten zu iden-
tifizieren, dadurch gekennzeichnet, dass die
Eckdaten eine Zeitmarkierung einer R-Zacke in
einem QRS-Komplex in dem EKG-Signal und
mindestens einen weiteren, einem oder mehr
vordefinierten Merkmalen des EKG-Signals ent-
sprechenden Zeit- oder Amplitudenwert umfas-
sen;
wobei der mindestens eine weitere, dem einem
oder mehr vordefinierten Merkmalen des EKG-
Signals entsprechende Zeit- oder Amplituden-
wert ausgewählt ist aus einem oder mehr von:
(i) R-S-Amplitude; (ii) zeitlicher Position einer P-
Welle; (iii) Amplitude einer P-Welle; (iv) Ampli-
tudenschwankungen in einer P-Welle; (v) zeitli-
cher Position einer T-Welle; (vi) Amplitude einer
T-Welle, (vii) Amplitude eines S-T-Segments;
und (viii) zeitlicher Ausdehnung eines Q-T-Inter-
valls; und
wobei der Datenprozessor während des Ge-
brauchs durch eine über den Funksender (6)
empfangene Instruktion umprogrammiert wer-
den kann, um die ein oder mehr vordefinierten
Merkmale und die Eckdaten zu ändern, die iden-
tifiziert und dem Funksender (6) zur Übertra-
gung bereitgestellt wurden.

2. Vorrichtung (1) zur kardialen Überwachung nach An-
spruch 1, wobei das Datenverarbeitungsmittel (4)
dazu programmiert ist, die gemessenen EKG-Sig-
nale mit einer Rate von rund 1 kHz zu digitalisieren.

3. Vorrichtung (1) zur kardialen Überwachung nach An-

spruch 1 oder 2, wobei der Prozessor dazu program-
miert oder umprogrammiert ist, einen Identifikations-
algorithmus auszuführen, der ein bestimmtes vorbe-
stimmtes interessierendes Merkmal in dem EKG-Si-
gnal identifiziert.

4. Vorrichtung (1) zur kardialen Überwachung nach ei-
nem der vorhergehenden Ansprüche, wobei das Da-
tenverarbeitungsmittel (4) einen Speicher umfasst
und der Prozessor während des Gebrauchs dazu
programmiert oder umprogrammiert wird, einen be-
stimmten, aus einer in dem Speicher gespeicherten
Anzahl von Programmen ausgewählten Algorithmus
auszuführen.

5. Vorrichtung (1) zur kardialen Überwachung nach ei-
nem der vorhergehenden Ansprüche, wobei der Pro-
zessor dazu eingerichtet ist, gleichzeitig Amplituden-
kalibrierung auf Basis der in jedem Fenster gemes-
senen Amplituden durchzuführen.

6. Vorrichtung (1) zur kardialen Überwachung nach ei-
nem der vorhergehenden Ansprüche, wobei der Pro-
zessor dazu eingerichtet ist, eine begrenzte Anzahl
von Eckdaten zu identifizieren, umfassend einen,
zwei, drei oder vier weitere Zeit- oder Amplituden-
werte.

7. Vorrichtung (1) zur kardialen Überwachung nach ei-
nem der vorhergehenden Ansprüche, wobei der Pro-
zessor dazu programmiert ist, die Eckdaten weiter
zu analysieren, um eine Messung bereitzustellen
von einem oder mehreren von: Herzfrequenz (HR),
Herzfrequenzvariabilität (HRV) und/oder Atemfre-
quenz (RR).

8. Vorrichtung (1) zur kardialen Überwachung nach ei-
nem der vorhergehenden Ansprüche, dazu einge-
richtet, die Eckdaten von der Vorrichtung (1) zur wei-
teren Analyse außerhalb des Prozessors zu über-
tragen.

9. Vorrichtung (1) zur kardialen Überwachung nach ei-
nem der vorhergehenden Ansprüche, so eingerich-
tet, dass eine Analyse der Eckdaten in einer Instruk-
tion für die Vorrichtung (1) resultiert, in einem ande-
ren Betriebsmodus zu arbeiten, worin die gemesse-
nen EKG-Signale dem Funksender (6) zur Übertra-
gung bereitgestellt werden.

10. Vorrichtung (1) zur kardialen Überwachung nach ei-
nem der vorhergehenden Ansprüche, wobei der
Funksender (6) dazu eingerichtet ist, die Eckdaten
auf Echtzeitbasis zu einem entfernt angeordneten
Empfänger zu übertragen.

11. Vorrichtung (1) zur kardialen Überwachung nach ei-
nem der vorhergehenden Ansprüche, wobei der
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Funksender (6) dazu eingerichtet ist, für jeden Herz-
schlag eine Meldung zu übertragen.

12. Vorrichtung (1) zur kardialen Überwachung nach An-
spruch 11, wobei jede Meldung eine Meldungsken-
nung umfasst.

13. Vorrichtung (1) zur kardialen Überwachung nach ei-
nem der vorhergehenden Ansprüche, wobei der Da-
tenprozessor, während des Gebrauchs, durch den
Funksender (6), der einen von einer Fernsteuerein-
richtung oder Gateway-Einrichtung heruntergelade-
nem neuen Algorithmus empfängt, programmiert
oder umprogrammiert wird.

14. Vorrichtung (1) zur kardialen Überwachung nach ei-
nem der vorhergehenden Ansprüche, wobei der
Funksender (6) dazu eingerichtet ist, die Eckdaten
zu einem Empfänger-Handgerät, das eine Anzeige
und eine Benutzeroberfläche umfasst, zu übertra-
gen.

Revendications

1. Dispositif (1) de surveillance cardiaque comprenant
une unité portable comprenant:

un substrat;
un moyen pour mesurer des signaux d’ECG (2);
un moyen (4) de traitement de données com-
prenant un processeur de données; et
un émetteur (6) sans fil;
dans lequel le moyen (4) de traitement de don-
nées est scellé à l’intérieur du substrat et dispo-
sé pour recevoir les signaux d’ECG mesurés,
échantillonner chaque signal d’ECG associé à
un battement cardiaque, pour traiter les don-
nées de signal échantillonnées dans le proces-
seur de données pour extraire des données clés
relatives à ce battement cardiaque et fournir les
données clés à l’émetteur (6) sans fil pour une
transmission; et
dans lequel le processeur est programmé pour
appliquer une fenêtre de temps aux données
échantillonnées pour isoler au moins une partie
des données associées à un battement cardia-
que donné et mesurer les changements d’am-
plitude dans cette fenêtre, et les changements
d’amplitude sont utilisés pour identifier des don-
nées clés, caractérisé en ce que les données
clés comprennent un horodatage du pic R dans
le complexe QRS du signal de l’ECG et au moins
une autre valeur de temps ou d’amplitude cor-
respondant à une ou plusieurs caractéristiques
prédéfinies du signal d’ECG;
dans lequel la au moins une valeur de temps ou
d’amplitude correspondant à une ou plusieurs

caractéristiques prédéfinies du signal d’ECG est
choisie parmi un ou plusieurs des éléments sui-
vants: (i) l’amplitude R-S; (ii) la position tempo-
relle de l’amplitude d’une onde P; (iii) l’amplitude
d’une onde P; (iv) les variations d’amplitude
dans une onde P; (v) la position temporelle d’une
onde T; (vi) l’amplitude d’une onde T; (vii) l’am-
plitude d’un segment S-T; et (viii) l’étendue tem-
porelle d’un intervalle Q-T; et
dans lequel le processeur de données peut être
reprogrammé durant son utilisation par une ins-
truction reçue par l’émetteur (6) sans fil pour mo-
difier la ou les caractéristiques prédéfinies et les
données clés identifiées et fournies à l’émetteur
(6) sans fil pour une transmission.

2. Dispositif (1) de surveillance cardiaque selon la re-
vendication 1, dans lequel le moyen (4) de traitement
de données est programmé pour numériser les si-
gnaux d’ECG mesurés à une vitesse d’environ 1
kHz.

3. Dispositif (1) de surveillance cardiaque selon la re-
vendication 1 ou 2, dans lequel le processeur est
programmé ou reprogrammé pour exécuter un algo-
rithme d’identification qui identifie une caractéristi-
que particulière prédéfinie présentant un intérêt
dans le signal d’ECG.

4. Dispositif (1) de surveillance cardiaque selon l’une
quelconque des revendications précédentes, dans
lequel le moyen (4) de traitement de données com-
prend une mémoire et le processeur est programmé
ou reprogrammé durant son utilisation pour exécuter
un algorithme particulier sélectionné à partir d’un
certain nombre de programmes stockés dans la mé-
moire.

5. Dispositif (1) de surveillance cardiaque selon l’une
quelconque des revendications précédentes, dans
lequel le processeur est disposé pour effectuer si-
multanément un étalonnage d’amplitude sur la base
des amplitudes mesurées dans chaque fenêtre.

6. Dispositif (1) de surveillance cardiaque selon l’une
quelconque des revendications précédentes, dans
lequel le processeur est disposé pour identifier un
nombre limité de données clés comprenant une,
deux, trois ou quatre autres valeurs de temps ou
d’amplitude.

7. Dispositif (1) de surveillance cardiaque selon l’une
quelconque des revendications précédentes, dans
lequel le processeur est programmé pour procéder
à d’autres analyses des données clés pour fournir
une mesure d’un ou plusieurs des éléments sui-
vants: fréquence cardiaque (FC), variabilité du ryth-
me cardiaque (VRC) et / ou fréquence respiratoire
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(FR).

8. Dispositif (1) de surveillance cardiaque selon l’une
quelconque des revendications précédentes, confi-
guré pour transmettre les données clés depuis le
dispositif (1) à l’extérieur du processeur pour
d’autres analyses.

9. Dispositif (1) de surveillance cardiaque selon l’une
quelconque des revendications précédentes, confi-
guré de sorte qu’une analyse des données clés
aboutit à une instruction pour que le dispositif (1)
fonctionne dans un autre mode d’exploitation dans
lequel les signaux d’ECG mesurés sont fournis à
l’émetteur (6) sans fil pour une transmission.

10. Dispositif (1) de surveillance cardiaque selon l’une
quelconque des revendications précédentes, dans
lequel l’émetteur (6) sans fil est disposé pour trans-
mettre les données clés à un récepteur distant en
temps réel.

11. Dispositif (1) de surveillance cardiaque selon l’une
quelconque des revendications précédentes, dans
lequel l’émetteur (6) sans fil est disposé pour trans-
mettre un message pour chaque battement de
coeur.

12. Dispositif (1) de surveillance cardiaque selon la re-
vendication 11, dans lequel chaque message com-
prend un identificateur de message.

13. Dispositif (1) de surveillance cardiaque selon l’une
quelconque des revendications précédentes, dans
lequel le processeur de données est programmé ou
reprogrammé durant son utilisation par l’émetteur (6)
sans fil recevant un nouvel algorithme téléchargé à
partir d’une télécommande ou d’un dispositif passe-
relle.

14. Dispositif (1) de surveillance cardiaque selon l’une
quelconque des revendications précédentes, dans
lequel l’émetteur (6) sans fil est disposé pour trans-
mettre les données clés à un récepteur portable
comprenant un affichage et une interface utilisateur.
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