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APPARATUS FOR MONITORING
CARDIOVASCULAR HEALTH

FIELD OF THE INVENTION

[0001] The present invention relates to an apparatus and a
method for monitoring cardiovascular health, and more
particularly to an apparatus for monitoring cardiovascular
health capable of measuring blood pressures and electrocar-
diographic signals, and a method for monitoring cardiovas-
cular health through the apparatus.

BACKGROUND OF THE INVENTION

[0002] As modern people have paid more and more atten-
tion to health, particularly cardiovascular health, sphygmo-
manometers have become one of the most popular apparatus
that people use at home to monitor cardiovascular health
every day. Sphygmomanometers are convenient to use and
helpful to prevent hypertension that is actually a dangerous
factor responsible for cardiopathy, diabetes and many other
chronic diseases.

[0003] Electronic sphygmomanometers represent one
popular model of sphygmomanometers for home use. The
operation involves first fitting its cuff, pressing down its start
button, and waiting for automatic measurement of blood
pressure to finish. Such a simple operation flow allows users
to conveniently and regularly record blood pressure values
and trends, thereby effectively monitoring their own cardio-
vascular health.

[0004] In recent years, as a result of users’ increasing
demands and technical development, in addition to the
traditional function of measuring blood pressure, some
sphygmomanometers have been developed to provide more
information about the cardiovascular system, for example,
arrhythmia information which can be derived arterial pulses.
U.S. Pat. No. 7,020,514 proposes a sphygmomanometer that
provides information of atrial fibrillation (AF).

[0005] Generally, determination of arrhythmia relies on
electrocardiogram, and electrocardiogram is currently the
most useful information source that accurately reflects heart
activities. FIG. 1 is an electrocardiogram with a normal
waveform. Therein, the P wave represents the process of
atrial depolarization, the QRS complex reflects rapid depo-
larization of left and right ventricles, T wave represents rapid
repolarization of the ventricles, the PR interval is the time
period started from the P wave’s to the start of QRS
complex, which reflects the time required for the heart’s
electric signal moving from the sinoatrial node to the
ventricles through the atrioventricular node, and the ST
section represents slow repolarization of the ventricles. By
observing changes of the waveforms, it is possible to know
what happens at which part of the heart, thereby identifying
which part of the heart is responsible for a symptom at issue.
[0006] Premature beats, for example, are recognized as
one common symptom related to arrhythmia, and divided
into two types, namely premature atrial contractions (PAC)
happening in atrium, and premature ventricular contractions
(PVC) happening in ventricle. A typical approach to distin-
guish these two apart is to observe whether the P wave
and/or the QRS wave has any abnormal shapes, and thereby
determine whether the systole is from the atrium or the
ventricle. Since ventricular systole is responsible for pump-
ing out the blood from the heart to all parts of the body, once
there is abnormal ventricular systole, blood can not be
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pumped out normally, so as to cause abnormal blood supply.
Thus, as compared to abnormal atrium systole, abnormal
ventricle systole is a more serious symptom.

[0007] However, information about arrhythmia provided
by a sphygmomanometer is based on heart rates obtained
from arterial pulses. Usually, when there are abnormal heart
rates observed, it is difficult to distinguish whether the
abnormality is from atrium or ventricle by merely studying
the waveforms of the arterial pulses. Consequently, the user
is unable to know how serious the observed symptom is.
Also, since arterial pulses measured at limbs are actually
heartbeats transmitted to limbs through blood in blood
vessels, the accuracy thereof is incomparable to an electro-
cardiogram. Thus, even if a sphygmomanometer indeed can
conveniently screen some arthythmic symptoms, unavoid-
ably, the final determination of arrhythmia can only be done
by observing an electrocardiogram.

[0008] Additionally, during blood pressure measurement,
when inflation and deflation, the cuff applies different levels
of pressures to blood vessels in the arm. If the pressure is too
high, the amplitude of arterial pulses might be decreased due
to the pressed blood vessels, and pulse measurement per-
formed at this time may have omission that leads to erro-
neous determination. It is thus clear that when we use a
sphygmomanometer’s cuff to measure arterial pulses, there
are many operational limitations, wherein it has to be
consider the impact of the pressure variation from the cuff on
the blood vessels, and it also has to consider that, for
determination of arrhythmia, whether the diagnosis based on
this is reliable.

[0009] Accordingly, when it comes to cardiovascular
health, blood pressure measurement and electrocardiogram
measurement should be both considered.

[0010] It is thus believed that an apparatus capable of
measuring blood pressure and electrocardiographic signals
at the same time will bring about huge improvement in the
field of cardiovascular health monitoring, especially screen-
ing and determination of arrhythmia, and will also be able to
provide convenience for related clinic diagnosis.

[0011] Sphygmomanometers represent one of the most
common and popular apparatuses for monitoring cardiovas-
cular health in family. As compared to sphygmomanometers,
electrocardiographic  signal measurement —apparatuses
designed for home use are rare in the market. If electrocar-
diogram measurement could be incorporated in a home-use
sphygmomanometer, average users who have been used to
measuring blood pressure at home can take electrocardio-
graphic signal measurement at home as a part of their daily
healthcare routine, and become more aware of their own
cardiovascular health. Also, the two interrelated physiologi-
cal signals can be used in a more effective way.

[0012] The existing home-use electrocardiographic signal
measurement device is usually a hand-held one that allows
auser to hold it with his/her hand and perform measurement.
It adopts reusable dry electrodes that can contact skin
directly without using electrode gel, and this is particularly
convenient for home use.

[0013] One of the most common operation ways is the
user has his/her one hand holding the device to contact the
electrode on the surface thereof, and contacts the other
electrode to his/her the other hand or torso, as shown in FIG.
2 and FIG. 3, s0 as to obtain electrocardiograms.

[0014] While hand operation is quite convenient, it brings
about a huge challenge to accuracy. When the measurement
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is taken by making the electrodes contact a user’s both
hands, as shown in FIG. 2, since the user’s hands may shake
and tremble during measurement, the operation stability is
problematic, and the measured electrocardiograms may have
baseline shift and waveform deformation, as marked in FIG.
4A. Compared to the normal waveform of electrocardio-
graphic signals, such baseline shift and waveform deforma-
tion can cause incorrect analytic results. Besides, when the
user tries to stabilize his/her hands which causes muscle
tension, or to make a special effort to ensure the contact
between his/her hands and the electrodes, it will be very easy
to generate electromyographic signals, as shown in FIG. 4B,
thereby decreasing the signal quality and thus leading to
incorrect electrocardiogram analytic results.

[0015] When the electrodes respectively contact the user’s
holding hand and the user’s chest, as shown in FIG. 3, it will
be more stable and can obtain stronger signals as compared
to the foregoing two-hand operation method. However, its
operation disadvantageously requires the user to remove
his/her clothing over the chest, and this terribly limits where
the measurement can be taken. Additionally, chest displace-
ment due 1o respiration can also cause relative movement
between the electrode contacting the chest and the electrode
contacting the hand, and may similarly lead to baseline shift
that makes the resulting electrocardiograms inaccurate.

[0016] Therefore, for incorporating electrocardiogram
measurement to a sphygmomanometer, it is necessary to
consider electrodes’ type and configuration, so as to allow
users to operate the equipment in an easy and convenient
way, thereby facilitating to obtain good signal quality. The
factors that affect signal quality mainly includes environ-
mental interferences, instable contact between skin and
electrodes, and the movement during measurement. For
example, electromagnetic waves in the environment where
the measurement is taken can cause noises in the obtained
electrocardiographic signals, and electromyographic signals
caused by instable contact or overtense muscles during
measurement can also be artifacts. These all have adverse
effects on signal quality. Further, as easy operation is another
requirement, it is ideal to incorporate the motions of con-
tacting electrodes into the normal operation flow of the
existing sphygmomanometers, so as to prevent the trouble of
relearning and to streamline operation process, thereby
making users more willing to take measurement.

[0017] Hence, for making an ideal home-use apparatus for
monitoring cardiovascular health, all the foregoing factors
need to be considered when we incorporate electrocardio-
graphic signal measurement into a sphygmomanometer.

[0018] The combination of blood pressure measurement
and electrocardiographic signal measurement has another
advantage that when stable and clear electrocardiographic
signals are obtained, information about heart rate variability
(HRV) is available, thereby allowing to know autonomic
nervous system activities. Since the autonomic nervous
system is also a factor that influences blood pressure, it wil
be able to konw whether the cause of hypertension is related
to autonomic nervous system by analyzing the relationship
between the autonomic nervous system activities and blood
pressure variation.

SUMMARY OF THE INVENTION

[0019] One objective of the present invention is to provide
an apparatus for monitoring cardiovascular health, which
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functions for both blood pressure measurement and electro-
cardiographic signal measurement.

[0020] Another objective of the present invention is to
provide an apparatus for monitoring cardiovascular health,
which introduces contact with electrodes required by elec-
trocardiographic signal measurement to the established
operation flow for blood pressure measurement, thereby
minimizing operation complexity and maximizing user
acceptance.

[0021] Another objective of the present invention is to
provide an apparatus for monitoring cardiovascular health,
which effectively and accurately provides information help-
ful to determine arrhythmia.

[0022] Another objective of the present invention is to
provide an apparatus for monitoring cardiovascular health,
which measures arterial pulses through cuff inflation for
determining whether there is a possible arrhythmia event,
and accordingly notifies user to perform electrocardio-
graphic signal measurement, thereby providing the user
electrocardiogram in real-time and thus facilitating further
ensuring the occurrence and type of arrhythmia.

[0023] Still another objective of the present invention is to
provide an apparatus for monitoring cardiovascular health,
which adopts an ear-worn structure that actively applies a
force to the user’s skin at and around his/her ear, so as to
ensure stable contact between the electrode thereon and skin.

[0024] A further objective of the present invention is to
provide an apparatus for monitoring cardiovascular health,
which adopts a finger-worn structure that actively applies a
force to the user’s finger skin, so as to ensure stable contact
between the electrode thereon and skin.

[0025] Another objective of the present invention is to
provide an apparatus for monitoring cardiovascular health,
which combines electrodes with a cuff required for blood
pressure measurement, so that when the cuff encompasses a
user’s arm, contact between the electrodes and skin is
established simultaneously.

[0026] An additional objective of the present invention is
to provide an apparatus for monitoring cardiovascular
health, which has electrodes deposited on its housing’s
surface, so that when a user fits the cuff, contact between the
electrodes and skin is established simultaneously.

[0027] Another objective of the present invention is to
provide an apparatus for monitoring cardiovascular health,
which has electrodes deposited on its housing’s surface, so
that when a user operates the apparatus, contact between the
electrodes and skin is established simultaneously.

[0028] Yet another objective of the present invention is to
provide an apparatus for monitoring cardiovascular health,
which uses wearable structures to establish contacts between
electrodes and skin, and thus, is suitable for long-term
operation to acquire high quality electrocardiographic sig-
nals, thereby facilitating HRV analysis and identification of
the relationship between autonomic nervous system activi-
ties and blood pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 shows a standard waveform of electrocar-
diogram;
[0030] FIG. 2 illustrates one operation manner of a con-

ventional hand-held electrocardiogram measuring appara-
tus;
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[0031] FIG. 3 illustrates another operation manner of a
conventional hand-held electrocardiogram measuring appa-
ratus;

[0032] FIG. 4A shows electrocardiograms having baseline
shift;
[0033] FIG. 4B shows electrocardiograms affected by

electromyographic signals;

[0034] FIG. 5 is a block diagram of the apparatus for
monitoring cardiovascular health according to the present
invention;

[0035] FIGS. 6A-6C show exemplificative examples of
ear-worn structure according to the present invention;
[0036] FIG. 7 shows skin around a user’s ear to be
contacted by the ear-worn structure according to the present
invention;

[0037] FIGS. 8A-8B show exemplificative examples of
finger-worn structure according to the present invention;
[0038] FIG. 9 is an exemplificative example showing the
combination between an electrode and a cuff according to
the present invention;

[0039] FIG. 10 is an exemplificative example showing the
apparatus for monitoring cardiovascular health according to
the present invention to have another housing for carrying a
start button;

[0040] FIGS. 11A-11H are exemplificative examples
showing the combination between electrode and housing
according to the present invention;

[0041] FIGS. 12-15 show exemplificative examples of the
apparatus for monitoring cardiovascular health according to
the present invention, wherein electrodes are located on an
ear-worn structure and combined with a cuff| respectively;
[0042] FIG. 16 shows an exemplificative example of the
apparatus for monitoring cardiovascular health according to
the present invention, wherein electrodes are located on an
ear-worn structure and a wrist-worn structure, respectively;
[0043] FIGS. 17-19 show exemplificative examples of the
apparatus for monitoring cardiovascular health according to
the present invention, wherein electrodes are located on an
ear-worn structure and a finger-worn structure, respectively;
[0044] FIG. 20 shows an exemplificative example of the
apparatus for monitoring cardiovascular health according to
the present invention, wherein electrodes are located on a
finger-worn structure and combined with a cuff, respec-
tively;

[0045] FIG. 21 shows an exemplificative example of the
apparatus for monitoring cardiovascular health according to
the present invention, wherein electrodes are located on a
finger-worn and combined with the housing surface, respec-
tively;

[0046] FIG. 22 shows an exemplificative example of the
apparatus for monitoring cardiovascular health according to
the present invention, wherein electrodes are located on two
finger-worn structures, respectively;

[0047] FIGS. 23-24 show an exemplificative example of
the apparatus for monitoring cardiovascular health accord-
ing to the present invention, wherein electrodes are located
on an ear-worn structure and combined with the housing
surface, respectively;

[0048] FIGS. 25-27 show exemplificative examples of the
apparatus for monitoring cardiovascular health according to
the present invention, wherein electrodes are combined with
the housing surface and with the cuff, respectively;

[0049] FIG. 28 shows an exemplificative example of the
apparatus for monitoring cardiovascular health according to
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the present invention, wherein electrodes are located on an
ear-worn structure and contbined with the housing surface,
respectively;

[0050] FIG. 29A shows an exemplificative example of the
apparatus for monitoring cardiovascular health according to
the present invention, wherein both electrodes are located on
the housing surface;

[0051] FIGS. 30A-30B show exemplificative examples of
the apparatus for monitoring cardiovascular health accord-
ing to the present invention, wherein one electrode is located
on the housing surface, and the other electrode is located on
an ear-worn structure or on a finger-worn structure;

[0052] FIG. 31 is an operation flow chart of the apparatus
for monitoring cardiovascular health according to the pres-
ent invention; and

[0053] FIGS. 32-34 show exemplificative examples of
notification of the apparatus for monitoring cardiovascular
health according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0054] The present invention relates to an apparatus for
monitoring cardiovascular health that functions for both
blood pressure measurement and electrocardiographic
(ECG) signal measurement. It allows a user to easily record
electrocardiograms during the normal operation of blood
pressure measurement he/she is used to. Thus, many kinds
of important information about cardiovascular health can be
obtained by operating a single apparatus.

[0055] Please refer to FIG. 5 first for a schematic view of
an apparatus for monitoring cardiovascular health according
to the present invention. As shown, the apparatus for moni-
toring cardiovascular health comprises a control circuitry
10, a cuff 12, a pump, an air valve, a pressure sensor, and at
least two electrodes 14. Herein, the control circuitry 10
performs blood pressure measurement and electrocardio-
graphic signal measurement using the cuff 12 and the
electrodes 14 connected thereto, Therefore, the control cir-
cuitry 10 may also include, but not limited, some electronic
components for achieving measurements, such as a proces-
sor, at least one A/D converter, a filter, an amplifier, and so
on. As these are known to people of ordinary skill in the art,
detailed description thereto is not discussed any further
herein.

[0056] The disclosed apparatus for monitoring cardiovas-
cular health also has a housing for containing the control
circuitry and the pump. Herein, the housing may be com-
bined with the cuff and thus be mounted on the user’s body
during measurement. Alternatively, it may be separated from
the cuff and not mounted on the user’s body during mea-
surement. In addition, a user interface also can be imple-
mented to located on the housing surface, such as a display
element, a start button, input keys, and so on.

[0057] Since the disclosed apparatus for monitoring car-
diovascular health provides measurement of electrocardio-
graphic signals by adding electrocardiographic electrodes on
the basis of blood pressure measurement, the present inven-
tion puts no limitation to its appearance and structure, and
any existing electronic sphygmomanometer may be used as
the basis for implementing the present invention. For
example, an arm-type sphygmomanometer as shown in FIG.
12 and a wrist-type sphygmomanometer as shown in F1G. 13
are both suitable. In this way, users can perform electrocar-
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diographic signal measurement according to the present
invention during the operation he/she is used to.

[0058] In the present invention, measurement of electro-
cardiographic signals is achieved by using dry electrodes
that contact human skin directly. The use of dry electrodes
is more convenient, as compared to the traditional reusable
wet electrodes, because user can perform electrocardio-
graphic signal measurement without using and cleaning
electrode gel. Thus, the measurement can be conveniently
performed anytime. Additionally, as compared to disposable
electrode patches, dry electrodes are more durable and easier
to maintain, and since they are reusable, inconvenience and
costs related to replacement of electrodes can be minimized.
Dry electrodes used in the present invention may be, but are
not limited to, electrodes made of stainless steel, conductive
fabric, and conductive rubber, without limitation. Alterna-
tively, the disclosed apparatus may work with electrodes that
not directly contact human skin, such as, electrodes which
acquire electrocardiographic signals capacitively, induc-
tively, or electromagnetically, and similarly, this kind of
electrodes also conveniently don’t need to use electrode gel.
[0059] When integrating electrodes into a sphygmoma-
nometer, the present invention takes the operation flow of
blood pressure measurement as the basis, so that the user can
feel familiar during operation, and it also mounts electro-
cardiographic electrodes on in a simple and ergonomic way,
s0 as to ensure stable contact between the electrodes and the
user’s skin.

[0060] Typical operation of electronic sphygmomanom-
eter involves: putting on the cuff on the user’s arm or wrist,
keeping the arm or wrist at the level equal to the heart,
pressing the start button and staying still until the machine
automatically finishes the measurement process.

[0061] In the foregoing flow, installing the cuff and press-
ing the start button are two indispensable steps. The concept
of the present invention is to have the required motions for
contacting electrocardiogram electrodes integrated into
these necessary operation steps for blood pressure measure-
ment, so as to prevent additional steps, and thus, the user
does not need to learn a whole new operation flow.

[0062] Another consideration is where the electrodes are
set on the sphygmomanometer. For ensuring good signal
quality, the inventor selects the locations of the electrodes
and the contact manner for the electrode and the skin with
two considerations in mind. First, by properly selecting the
contact location and designing the structure of electrode, the
electrode can actively apply a force to contact the user’s
skin. In this way, contact between the electrode and the skin
no more relies on the user’s effort, and this not only
improves contact stability, but also prevents from undesired
electromyographic signals and artifacts. Second, where
there is a need for the user’s effort to contact the electrode,
the present invention places the electrode at a proper and
easy-to-contact position, so that the user can contact the
electrode in a relaxed posture, thereby stabilizing contact
and minimizing artifacts. This also helps to reduce muscle
tension and prevent from undesired electromyographic sig-
nals. Additionally, if the electrodes are designed to have
ergonomnic contacting surfaces, contact stability can be fur-
ther ensured, thereby significantly improving signal quality.
[0063] Accordingly, when considering where and how the
electrodes are configured, the inventor has had the foregoing
concepts in mind. One possible approach according to this
basis is putting the electrode on the user’s ear.

Nov. 22,2018

[0064] While an ear is not a body part usually recognized
as one participating blood pressure measurement, there is a
unique benefit of contacting the electrode with the ear
because ear and its vicinity areas are where electromyo-
graphic signals are very weak. Besides, since the relative
positional relationship between the ear and the head is very
stable, even if the user moves his/her body during measure-
ment, such as, slightly turning his/her body or neck, the
contact between the electrode and the skin of ear or around
the ear still can remain stable, without generating significant
interferences that affect the measurement results.

[0065] Moreover, in our daily life, ears are less covered by
clothing as compared to other body parts, and thus can be
easily contacted, without the need of removing clothing
thereon. In addition, there are fewer hairs on the ears or
around the ears, thus allowing contact between the electrode
and the skin to be established easily without hindrance. For
these reasons, the ear is a convenient choice to most users.

[0066] Various fixing means may be implemented accord-
ing to the ear’s anatomy. For example, an ear plug, an ear
clamp, and an ear hook, as shown in FIGS. 6A-6C, respec-
tively, are all useful and common fixing means for attaching
an article to an ear, and most users can easily put these on
without relearning. In use, a user can install the electrode as
easily as putting an earphone in the ear or clamping an
earring on the earlobe. Through mounting the electrode on
the ear by the means described above, contact between the
electrode and the skin can be reliably established without
user’s force application, so the interferences caused from
muscular tension and electromyographic signals can be
minimized, thereby ensuring good signal quality.

[0067] The electrocardiographic signal can be obtained
anywhere on the ear, without limitation. The measurement
may be taken at any part of the ear, such as inside the canal,
on the earlobe, at the concave side of auricle, e.g., the
inferior concha, areas around the opening of canal, the helix,
the convex side of auricle, and areas around the ear, as
shown in FIG. 7, such as the skin area between the ear and
the skull. All these locations are suitable sites for the
electrode to contact and obtain the electrocardiographic
signals.

[0068] Thus, the electrode may be extended from the
machine or a structure combined with the cuff and config-
ured to contact the ear. Therefore, after installing the cuff,
the user can easily set the electrode in position to obtain
good electrocardiographic signals.

[0069] Herein, the electrode may be put on either of a
user’s ears. However, according to experiments, where the
other electrode is deposited is meaningful to signal quality.
When the other electrode is deposited on the left upper limb,
the obtained electrocardiographic signals have much greater
quality than those obtained when the other electrode is on
the right upper limb. Therefore, for electrocardiographic
signal measurement with one electrode contacting the user’s
ear, the other electrode is preferably located to contact the
left upper limb’s skin, so as to prevent poor signal quality
due to contacting the right upper limb and in turn erroneous
analytic results.

[0070] In practice, the contact between the electrode and
the ear may be established by an ear-worn structure config-
ured to engage with the ear. Therein, the electrode is such
deposited that it contacts the skin when the ear-worn struc-
ture is engaged with the ear. Thus, when the ear-worn
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structure is affixed to the ear, contact between the electrode
and the skin of the ear or around the ear is established
simultaneously.

[0071] The ear-worn structure may be realized in various
forms. For example, when the ear-worn structure is in the
form of an ear plug, the electrode may be deposited on the
ear plug, so as to naturally contact skin in the canal, as
shown in FIG. 6A. As an additional alternative, an ear plug
with special design may be extended to match the profile
inside the auricle. When the ear-worn structure is in the form
of an ear clamp for clamping the auricle or the earlobe (FIG.
6B), the electrode may be deposited in the inner side of the
ear clamp, so as to establish its contact with the auricle or the
earlobe when the user wears the ear clamp. When the
ear-worn structure is in the form of an ear hook, as shown
in FIG. 6C, in one preferred embodiment, the electrode may
be located on a hook extended to the back of the ear so as
to contact the skin of the convex side of auricle or the skin
area between the ear and the head. Herein, the hook may, for
example, with its material’s elasticity, or with a special
structural design, apply a force toward the skin, thereby
ensuring stable contact with the skin.

[0072] Ttis to be noted that, the aforementioned structural
examples of the ear-worn structure are only illustrative and
not limitations to the present invention. The present inven-
tion may combine any of these structures, for example, to
combine two structures, e.g., an ear plug together with an ear
hook. Its implementation may vary according to practical
needs without limitation.

[0073] Alternatively, the ear-worn structure may be
attached to the ear magnetically. For example, the ear-worn
structure may have two components magnetically attracting
each other with the ear standing therebetween, and the
electrode may be deposited on the two components or one of
the components. Herein, the two components may have
magnetism. For example, they may contain a magnetic
substance, or they may be a magnetic substance, or they may
be made of a material that can be attracted by magnetism, or
thev may contain a substance that can be attracted by
magnetism. For example, one of the components has mag-
netism, and the other component can be attracted by mag-
netism, or alternatively, the two components both have
magnetism. There are actually various implementation pos-
sibilities, without limitation.

[0074] Additionally, in one preferred embodiment, the
ear-worn structure and the electrode installed thereon may
be connected to the cuff or the housing through a connecting
port. In this way, when there is no need to perform electro-
cardiogram measurement, the ear-worn structure can be
removed.

[0075] Herein, for preventing that the obtained electrocar-
diographic signals induct environmental noises through the
connecting wire, the obtained signals may be processed
upon its generation near the electrode by, for example,
circuits for amplification, buffering, filtration, and/or digi-
talization, so as to ensure high signal resolution. Also, the
necessary circuits may be further contained in the ear-worn
structure, without limitation.

[0076] In addition, according to another aspect of the
present invention, the electrode may also be carried by a
finger-worn structure, such as a ring-like structure, or a band
for encompassing the finger. The finger-worn structure is as
advantageous as the ear-worn structure because wearing
things on fingers is also familiar to most users and requires
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no additional learning. To perform measurement, the user
only needs to directly put the finger-worn structure on
his/her finger and the contact between the electrode and
his/her skin can be established, so the operation flow is easy
and convenient. In addition, since the contact between the
electrode and the skin is achieved by the finger-worn struc-
ture applying a force to the finger, the user needs to relax
his/her hand wearing the electrode and the possible inter-
ference from muscle tension can be minimized.

[0077] It is preferably that the finger-worn structure is
combined with the finger at the knuckle where the phalanx
proximalis or the phalanx media is, so as to prevent falling
off from the hand due to being too close to the fingertip. In
practice, the finger-worn structure may be in the form of a
ring as shown in FIG. 8A, or in the form of a flexible band
for encompassing the finger as shown in FIG. 8B, without
limitation. Herein, no matter what the form used is, it may
further have a structure for adjusting its encompassing
diameter, so as to further ensure the stable contact between
the electrode and the user’s skin. For example, the ring may
have a mechanism for adjusting its size so as to adapt to
different wearers’ fingers, and the band may have an adjust-
able fixing means, such as Velcro, for users to set how tight
the encirclement is. These and the like may be implemented
according to the actual situation without limitation. Alter-
natively, it may be a finger clamp that is designed to, for
example, hold a finger at its tip or at other knuckles. like the
phalanx proximalis or the phalanx media. In this case,
fixation can be achieved by the springiness of the clamp, so
it is also a useful scheme.

[0078] Herein, similar to the case of the ear-worn struc-
ture, when electrocardiographic signals are acquired at the
finger, the signals may be processed as near as possible to
the place they are obtained, so as to ensure signal quality.
Similarly, the circuits may be installed inside the finger-
worn structure.

[0079] Additionally, according to another aspect of the
present invention, an alternative location to set the electrode
is the cuff. Since placing the cuff around the arm or the wrist
is necessary for taking blood pressure, when the electrode is
located on the cuff, contact between the electrode and the
skin can be established by installing the cuff, thereby sim-
plifying operation. Herein, the electrode may be located at
any part of the cuff, as long as its location allows contact
between the electrode and the skin to be established when
the cuff is placed around the arm or wrist. For example, the
electrode may be located at the inner side of the cuff, or at
the edge of the cuff, without limitation.

[0080] When the electrode is located at the inner side of
the cuff, it may be an extensively used metal electrode. In
one preferred embodiment, for improving its contact with
the skin, the electrode also may be made of a flexible
material, such as conductive fabric, conductive rubber, etc.
Alternatively, it also may be a layer of conductive coating
formed on the inner surface of the cuff, so that the electrode
can bend with the cuff and contact the skin tightly.

[0081] For ensuring the contact between the electrode and
the skin, it may be set that only when the inflation of the cuff
reaches a pressure threshold (meaning that the contact force
against the skin reaches a certain level), electrocardio-
graphic signal measurement is performed, so as to further
ensure the stability of the contact between the electrode and
the skin.
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[0082] Moreover, an additional structure may be provided
to ensure the contact between the electrode and the skin by
avoiding the influence of the cuffs inflation and deflation
during blood pressure measurement. For example, a sup-
porting structure may be installed on the cuff at a position
corresponding to the electrode. Thus, when the cuff is placed
around the arm or the wrist, its encompassing force or
volume expansion caused by inflation can exert a force onto
the supporting structure and in turn make the supporting
structure apply a force toward the skin to the electrode,
thereby ensuring the contact between the electrode and skin.
For example, the supporting structure may have a certain
thickness and hardness, so as to effectively transmit the
cuf’s encompassing force or expansion force to the elec-
trode. Moreover, the supporting structure may have com-
pressive elasticity, so that the applied force will not press
strongly against the user’s skin to cause uncomfortable
feelings. In one preferred embodiment, the supporting struc-
ture is ergonomically designed to fit the skin it contacts for
further ensuring contact stability. For example, the support-
ing structure may well fit the curve of the arm.

[0083] In another preferred embodiment, as shown in FIG.
9, the electrode 90 may be attached to the edge of the cuff,
such as being clamped to the upper edge of the cuff. In this
case, the contact between the electrode and the skin may be
realized in various ways. For example, the electrode may be
made of a material having elasticity so as to make the
electrode apply a force toward the skin. Thereby, when the
cuff is placed around the arm or the wrist, the electrode can
naturally fit the skin. Alternatively, the electrode may be
structurally designed to fit the profile of the arm or the wrist,
so as to ensure the contact between the electrode and the
skin. The actual implementation may vary according to
practical needs without limitation.

[0084] It is to be noted that, when the electrode is com-
bined with the cuff, electrocardiographic signal measure-
ment and blood pressure measurement may be performed
simultaneously. Alternatively, it also can be selected to
perform electrocardiographic signal measurement and blood
pressure measurement separately. Therefore, the user can
choose according to the actual situation.

[0085] In addition, according to yet another aspect of the
present invention, the other electrode is deposited on the
surface of the housing for a user to contact with his/her
finger.

[0086] For performing blood pressure measurement, after
the cuff'is set up well, it is necessary to press the start button
on the housing for activating inflation and measurement.
Therefore, when the electrode is combined with the start
button, a user can easily press and hold the start button to
establish contact with the electrode, thereby simplifying the
operation steps of electrocardiogram measurement.

[0087] Furthermore, the finger’s pressing of the start but-
ton may also be implemented to activate electrocardio-
graphic signal measurement and blood pressure measure-
ment simultaneously. In this way, a single press can realize
three procedures simultaneously, namely contacting the
electrocardiogram electrode, activating blood pressure mea-
surement, and activating electrocardiographic signal mea-
surement, thereby minimizing operational complexity.

[0088] Herein, the start button may be a button with a
pressing stroke or a touch button, without limitation. The
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surface of the start button may be ergonomically shaped to
fit the profile and curve of the finger, making the contact
more stable.

[0089] In use, a user may choose to only perform blood
pressure measurement or electrocardiographic signal mea-
surement, or perform both simultaneously. For example,
different operational options may be switched by different
pressing strokes of the start button, or by changing the
duration the button is pressed. For example, a brief press
means there is no need to establish contact with the elec-
trode, so only blood pressure measurement is activated, and
a long press activates electrocardiographic signal measure-
ment, while a brief press immediately followed by a long
press activates the two types of measurement simultane-
ously. The operation may vary according to the actual
implementation without limitation.

[0090] In a preferred embodiment, as shown in FIG. 10,
the start button 100 may be carried by another housing 101
other than the housing, such as a press-driven structure. In
this way, the start button may be relocated to different sites
according to the user’s operational preference, thereby
allowing the user to perform electrode contact with a more
relaxed posture, and this is also contributive to good signal
quality.

[0091] Additionally, according to another aspect of the
present invention, when the housing is carried by the cuff,
the electrode may be located on various parts of the housing,
provided that it can be implemented to locate at a position
where contacts the skin when the cuff is placed around the
limb.

[0092] When the housing is carried by the cuff and fits
around the upper arm or the forearm (as shown in FIG. 13
and FIG. 14), a carrying structure 112 may be further
included to mount on the housing. For example, it may be
located on the surface 111, as shown in FIGS. 11A-11C, so
as to contact skin of the user’s upper arm or forearm when
the cuff encompasses the limb. Thus, when the electrode 113
is deposited on the carrying structure 112, the electrode
contact can be established when the cuff is placed.

[0093] For example, as shown in FIG. 11A, the carrying
structure 112 may be located near the edge of the cuff, and
the cuff may have an opening 114 at a position correspond-
ing to the carrying structure. Thus, by placing the cuff
around the upper arm or the forearm, the contact between the
electrode 113 and the skin can be established simultane-
ously. Alternatively, as shown in FIG. 11B, the opening 114
may be located within the cuff, and the carrying structure
112 positionally corresponds thereto. In addition, as shown
in FIG. 11C, the carrying structure 112 may be alternatively
located at two lateral edges of the cuff, and in this way, the
contact with the skin can be established without structurally
modifying the cuff. While, in the drawing, there are two
carrying structures at the two lateral edges, it is also possible
to have only one carrying structure provided at one lateral
edge.

[0094] Additionally, the carrying structure may be imple-
mented to have elasticity so as to absorb possible displace-
ment occurring during inflation, thereby ensuring stable
contact between the electrode and the skin. For example, it
may be made of an elastic material, such as rubber, silica gel,
and so on. Alternatively, it may be provided with a retract-
able mechanism, such as a button structure with pressing
stroke. There are various possibilities.
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[0095] 1t is to be noted here that while the carrying
structure may be a raised part as shown, it is not limited
thereto, and may be shaped depending on how the housing
and the cuff are combined. For example, the carrying struc-
ture may be flush with the surface of the housing, as long as
the contact between the electrode and the skin can be
established when the cuff is placed around the arm, without
limitation.

[0096] Alternatively, as shown in FIG. 11D, the carrying
structure 112 may be located on another housing 20 and be
deposited on the housing through a mechanical combination
between the other housing and the housing, thereby when
the cuff is placed around the upper arm or the forearm
allowing the electrode 113 to contact the skin.

[0097] Importantly, in addition to mechanical combina-
tion, an electrical connection between the other housing and
the housing also will be achieved, so that the electrode 113
can work with the other electrode to perform electrocardio-
graphic signal measurement. The electrical connection may
be achieved by a pair of connectors located on the other
housing and on the housing, respectively. For example, they
may be USB connectors or mini USB connectors. In this
case, the mechanical combination can directly achieved by
the pair of electrical connectors. Alternatively, the mechani-
cal combination may also be accomplished by using
matched physical structures respectively on the other hous-
ing and on the housing, without limitation.

[0098] The other electrode may be of any of the foregoing
forms, as long as the skin it contacts is located at a body
portion other than the limb encompassed by the cuff. For
example, it may be an ear-worn electrode, a finger-worn
electrode, or an electrode located on the start button.

[0099] Particularly, except that the other electrode is con-
nected to the housing or located on the housing, and it also
can be connected to the another housing through a connect-
ing wire, or directly located on the another housing, that is,
the two electrodes for performing electrocardiographic sig-
nal measurement are both provided by the another housing.
For example, in addition to the electrode 113 located on the
carrying structure, the another housing may be further
connected to an ear-worn electrode (as shown in FIG. 11E),
or connected to a finger-worn electrode. Additionally, the
other electrode may be deposited on any surface of the
another housing other than the surface having the electrode
113 mounted thereon, as shown in FIG. 11F, so as to be
contacted by the other hand to perform the electrocardio-
graphic signal measurement. Furthermore, the other elec-
trode may be located on the foregoing start button for
convenient operation.

[0100] In addition, as shown in FIGS. 11G-11H, the other
housing 20 may be provided with an indentation 115, such
as an annular indentation or a depression for a finger to put
in and contact the other electrode 116 deposited on its inner
surface. The inner surface is implemented to have a surface
contoured to the finger, so that when putting in the inden-
tation, the finger skin can contact the electrode. Herein, the
indentation may be made of an elastic material, such as
rubber or silica gel, so as to achieve the contact between the
electrode and the skin. Alternatively, it may be formed to
have a plastic housing lined with an elastic material for
encircling the finger or having a structure that provide an
inward force, so as to ensure good contact between the inner
electrode and the fingertip skin, without limitation.
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[0101] Preferably, at least some circuits for acquiring
electrocardiographic signals may be contained in the other
housing, such as circuits for amplification, buffering, filtra-
tion, and/or digitalization. And, since the another housing
and the housing are detachably combined through mechani-
cal combination, when the two electrocardiogram electrodes
are both deposited on the another housing, simply by attach-
ing the another housing, the user can add his'her blood
pressure measuring apparatus with the function of electro-
cardiogram measurement, which is extremely convenient.
[0102] In addition to the locations and methods described
above for setting the electrodes, the disclosed apparatus for
monitoring cardiovascular health may also use electrodes of
any other forms contributive to minimized electromyo-
graphic signals and maximized contact stability. For
example, the electrode may be carried by a wrist-worn
structure and configured to contact the wrist. This configu-
ration ensures contact between the electrode and the wrist’s
skin without using the user’s exerting force, and is thus very
ideal. The user just has to relax his’her encompassed limb
during measurement, and good quality signals can be
obtained.

[0103] The foregoing configurations are only exemplifi-
cative and can be implemented on any of the electrocardio-
graphic electrodes according to practical needs without
limitation. Some embodiments will be described below for
further explaining the present invention.

[0104] Please refer to FIG. 12 and FIG. 13. According to
one embodiment of the present invention, the two electrodes
for electrocardiographic signal measurement are deposited
on the inner side of the cuff and on an ear-worn structure,
respectively. Thus, for blood pressure measurement, after
setting up the cufl, the user can easily finish his/her prepa-
ration for blood pressure measurement and electrocardio-
gram measurement by wearing the ear-worn structure. This
is almost the same to the case of the conventional approach
to measuring blood pressure, with the only difference relying
on the addition of a motion for putting on the ear-worn
structure like putting on a conventional earphone. Thus, a
user can finish the operation easily and effortlessly. Herein,
the ear-worn structure may be connected to the cuff or the
housing, without limitation.

[0105] Additionally, FIG. 14 and FIG. 15 illustrate how to
use external apparatuses as the information display inter-
face. For example, a smart phone, a tablet computer, or a
smart watch may be used to externally display information.
In this way, the housing carried by the cuff can be down-
sized, thereby providing the user more comfortable using
experience. Herein, the connection between the housing on
the cuff and the external apparatus may be wired or wireless
connection, such as USB, Bluetooth, or Wi-Fi connection,
without limitation.

[0106] In FIG. 14, the external apparatus is a smart phone
for wireless connection, and in FIG. 15, the external appa-
ratus is a smart watch for wired connection. Herein, the
external apparatus may have more functions besides receiv-
ing data and displaying in a real-time, such as, guiding the
operation and displaying the measurement results. In one
instance, the external apparatus is capable of controlling
operation of the disclosed apparatus, activating blood pres-
sure and/or electrocardiogram measurement, analyzing the
received data, storing the data and outputting the data to
another apparatus, so as to provide more convenience. Such
a configuration is particularly advantageous when the hous-
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ing is carried by the cuff, because the user can easily activate
measurement, learn the operation flow, and view the mea-
surement results through the external apparatus, thus being
very convenient.

[0107] FIG. 16 shows an example wherein the electrodes
are mounted on an ear-worn structure and on a wrist-worn
structure, respectively. As shown, the wrist-worn structure
may be formed as a bracelet. Alternatively, it may be in the
form of a band. Alternatively, the electrode may also be
located on the inner side of the watchstrap of the smart
watch as shown in FIG. 15, without limitation. In this case,
a user just needs to wear the ear-worn structure and the
wrist-worn structure and establish the contacts of the elec-
trodes with the skins, measurement of electrocardiographic
signals can be performed. This scheme similarly provides
easy operation and good signal quality.

[0108] In the aforementioned embodiment, advanta-
geously, during the entire process of electrocardiogram
measurement, the contact between the electrodes and the
skin is achieved and maintained without the user’s exerting
force actively, so as to prevent interference caused by
electromyographic signals, thereby being beneficial to
acquire signals with good quality. It is to be noted herein
that, in such a configuration, the ear-worn electrode may be
selectively worn on either the left or right ear, without
limitation. However, as described previously, the location of
the other electrode has effects on the signal quality to some
extent, so the cuff should encompass the left upper limb for
better signal strength.

[0109] According to another embodiment of the present
invention, as shown in FIGS. 17-19, the two electrodes may
be installed on an ear-worn structure and on a finger-worn
structure, respectively. A user who wants to perform elec-
trocardiographic signal measurement just wears the struc-
tures on his/her ear and finger, respectively, the contact
between the electrode and the skin can be easily established.
The contact between the ear-worn structure or the finger-
worn structure and the skin does not involve the user’s
exerting force, so interference from electromyographic sig-
nals can be minimized. Additionally, since the wearing
motion is very convenient, and there is no need for using a
cuff, this scheme is very suitable for pure electrocardio-
graphic signal measurement.

[0110] Additionally, in the case where one electrode is
installed on the finger-worn structure, the electrode may
work with another electrode installed at a different site to
perform electrocardiographic signal measurement, such as
an electrode inside the cuff (FIG. 20), or an electrode 201 on
the housing surface (FIG. 21). Thus, a user only needs to add
a motion of wearing the finger-worn structure on his/her
finger to the normal operation flow for blood pressure
measurement, so the operation is very convenient. Addition-
ally, the two electrodes may also be carried by two finger-
worn structures, as shown in FIG. 22. This is also a very
convenient way. Since there is no need of using a cuff, this
scheme similarly suits for pure electrocardiographic signal
measurement.

[0111] According to another embodiment of the present
invention, as shown in FIG. 23, the two electrodes for
measuring electrocardiographic signals include one elec-
trode 201 located on the surface of the housing having user
interface and combined with the start button, and the other
electrode combined with an ear-worn structure. With this
configuration, a user, after setting up the cuff, can easily
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obtain blood pressure reading and the electrocardiogram by
wearing the ear-worn structure, pressing the start button, and
maintaining the contact between the finger and the start
button.

[0112] In addition, as shown in FIG. 24, even if the data
is to be transmitted to an external apparatus through wireless
connection, an electrode 201 still can be provided on the
housing, which is located at the upper arm, and combined
with the start button, so as to achieve electrode contact and
activate electrocardiogram measurement by pressing. Alter-
natively, measurement may be activated through an external
apparatus, such as a smart phone, and the electrode located
on the housing surface is merely for performing electrocar-
diogram measurement. The present invention puts no limi-
tation thereto.

[0113] According to still another embodiment of the pres-
ent invention, the two electrodes for electrocardiographic
signal measurement are one electrode combined with the
start button and the other electrode combined with the cuff,
as shown in FIG. 25. A user can sit by a desk, like using a
normal arm-type sphygmomanometer, with his/her left
upper arm encompassed by the cuff and laid on the desk
relaxedly, and use his/her right hand to press the start button
201 of the sphygmomanometer, thereby activating blood
pressure measurement. And, with the special design of the
present invention, the contacts of at least two electrodes (i.e.
the electrode in the cuff and the electrode located on the start
button on the housing surface) required by electrocardio-
gram measurement with skin of different body portions are
at the same completed in this normal blood pressure mea-
suring operation, without any additional steps. In other
words, a single operation can obtain two kinds of physi-
ological signals at the same time. Alternatively, as shown in
FIG. 26, when the sphygmomanometer used is a wrist-type
sphygmomanometer, the housing carried by the cuff is
located at the wrist. In this case, a user may similarly contact
the electrode located on the housing surface by simply
pressing the start button 201, for cooperating with the
electrode inside the cuff to perform measurement, thereby
obtaining two kinds of physiological signals in a single
operation. Alternatively, as shown in FIG. 27, in the case
where data is to be transmitted to an external apparatus
through wireless connection, it also can employ an electrode
201 combined with a start button on the housing carried by
the cuff to cooperate with the other electrode installed on the
inner side of the cuff, so as to achieve contact and activate
electrocardiogram measurement by a simple pressing.
[0114] 1In this case, as compared to the process of only
performing blood pressure measurement, the user just has to
make the finger and the start button contact longer when
he/she wants to measure electrocardiographic signals. As
there is no need for additional steps, the operation is easy
and effortless.

[0115] It is to be noted here that while contact with the
start button comes with contact with the electrode, the user
can still choose to perform blood pressure measurement or
electrocardiographic signal measurement separately. For
example, the user may choose the measurement he/she
wants by varying the contact time, without limitation.
[0116] Instead of being located on the start button as
described previously, the electrode may be alternatively
located on the other portion of the housing surface. As
shown in FIG. 28, the housing has the structure as shown in
FIG. 11C, and the electrode is mounted on the carrying
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structure, which is located on the surface where the housing
is combined with the cuff. Consequently, the step of setting
up cuff can establish contact between the electrode on the
housing and the upper arm’s skin, and with wearing the
wear-worn structure, the user can establish the contacts of
both electrodes in an effortless manner without exerting
force. As compared to the normal operation flow for blood
pressure measurement, there is only one step of wearing the
ear-worn structure added, thus being very convenient.
[0117] Additionally, the two electrodes may be located on
the same housing, as shown in FIG. 29. Therein, the housing
has a structure as that shown in FIG. 11B. Thus, when the
cuff surrounds the upper arm, the electrode facing the upper
arm can naturally pass through the cuff and contact the skin
of the upper arm, while the other electrode 202 located on
the housing surface can contact the other hand, so as to
enable measurement of electrocardiographic signals. It is to
be noted herein that while the electrode 202 as shown is
located opposite to the surface facing the upper arm, it may
be alternatively located on any surfaces other than the
surface facing the upper arm, as long as its location is
favorable to its contact with the user’s the other hand. For
example, it may be located on a surface adjacent to the
surface facing the upper arm, without limitation.

[0118] Furthermore, it is possible to allow a user to choose
the electrodes he/she prefers. For example, the electrode
facing the upper arm may be replaced by a switch (not
shown) or connected to the other electrode, such as an
ear-worn structure (as shown in FIG. 30A) that has an
electrode, or a finger-worn structure (as shown in FIG. 30B)
that has an electrode. In this way, a user can choose the most
suitable use according to individual needs, making the use
more convenient.

[0119] Moreover, there may be more than two electrodes
used. For example, a third electrode acts as the ground or a
reference electrode for suppressing common-mode noises,
such as noises from power source, and may be implemented
using any of the aforementioned electrode designs.

[0120] Additionally, in the present invention, for facilitat-
ing electrocardiogram measurement, the electrode may be
partially or entirely connected to a sensor, for detecting and
informing the user of whether the contact between the user
and the electrode is appropriate. For example, a pressure
sensor is used to detect the size of the force applied to the
electrode, or impedance check is performed to determine
whether the electrode is in contact and whether the contact
is good. A simple alternative is to use a switch to sense the
force applied to the electrode. In this case, when the control
circuitry determines that the contact on the electrode satis-
fies a predetermined criterion, such as, a force large enough,
and/or the electrode has been contacted, and/or the contact
is good, it will allow electrocardiogram measurement to start
automatically, or even allow the apparatus to be activated.
[0121] On the other hand, for providing users with an
operation flow smoother and more convenient, a sensor may
be arranged near an electrode to detect whether the electrode
has been placed at a predetermined location, such as whether
the ear-worn structure has been on the ear, whether the
finger-worn structure has been on the finger, whether the
electrode on the carrying structure has been put on the arm,
and whether the cuff has encompassed the arm. Herein, the
sensor may be implemented to be capacitive, resistive, or
light sensing typed sensor, without limitation. Additionally,
sound or screen display may be further implemented to
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inform the user that the electrode has been placed at the
predetermined location, thereby making the operation even
easier.

[0122] With this design, the sensing or detection for
checking whether electrode contact is good may be per-
formed after it is confirmed that the electrode has been
placed at the predetermined location. Similarly, sound or
screen display may be implemented to inform the user of the
establishment of electrode contact, making the overall
operation flow even smoother.

[0123] Thus, with the positions of electrode combined
with a sphygmomanometer as proposed by the present
invention, a user can achieve the arrangement of electrodes
required for electrocardiographic signal measurement while
using the sphygmomanometer in an easy and convenient
way, thereby recording electrocardiograms effortlessly.
Since electrocardiograms can provide detailed electrical
activities about the heart, the disclosed apparatus thus can
provide more detailed and more accurate information about
cardiovascular health. For example, by performing an algo-
rithm preloaded in a processor in the control circuitry, or by
transmitting the electrocardiogram to an external apparatus
and then performing an algorithm loaded therein, it is
possible to determine the type of arrhythmia, such as PAC or
PVC, and other arrhythmia-related symptoms can also be
identified, such as atrial fibrillation (AF), bradycardia,
tachycardia, and pause. Other symptoms in addition to
arrhythmia may be also detected. For example, the ST level
indicates existence of myocardial infarction, and the ampli-
tude of QRS wave reveals if ventricle hypertrophy is existed.

[0124] Furthermore, with the relevance between blood
pressure readings and electrocardiograms, cross reference
between the two kinds of signals is useful to get information
about other physiological conditions, such as PTT (Pulse
Transit Time, which is the time a pulse wave propagates
through a length of an artery). Additionally, the comparison
between arterial pulses and electrocardiographic signals is
helpful to remove noises/artifacts, so as to obtain correct
interpretation of various cardiovascular information.

[0125] Additionally, the disclosed apparatus for monitor-
ing cardiovascular health may also provide information on
heart rate variability (HRV) according to the obtained elec-
trocardiographic signals, so as to let the user understand
ANS activities. The reason is that, the autonomic nervous
system is one of the factors that influence blood pressure.
When sympathetic nervous system is more active, blood
vessel systole makes blood pressure increase. On the con-
trary, when parasympathetic nervous system is more active,
blood pressure decreases.

[0126] With the function of electrocardiographic signal
measurement, the disclosed apparatus can obtain accurate
RRI (R-R Interval) sequences, namely heart rate variation,
and obtain HRV through calculation, so as to perform HRV
analysis and provide information about autonomic nervous
system activities. Plus blood pressure measurement, a user
can learn the relationship between blood pressure and auto-
nomic nervous system in a real-time manner. For example,
the user may determine whether his/her hypertension is
related to autonomic nervous system, and, if the relationship
is confirmed, the user may learn whether his/her physiologi-
cal and psychological adjustment, such as relaxation and
breathing training, is positively affecting his/her autonomic
nervous system, thereby improving blood pressure.
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[0127] Which kind of HRV analysis to be performed may
be subject to practical needs. For example, frequency
domain analysis may be performed to obtain the total power
(TP) that is useful to evaluate the overall heart rate vari-
ability, the high frequency power (HF) that reflects para-
sympathetic nervous system activity, low frequency power
(LF) that reflects sympathetic nerve activity or modulation
results of sympathetic nerves and parasympathetic nerves,
and LF/HF (ration of low and high frequency power) that
reflects activity of sympathetic/parasympathetic nervous
system. Additionally, after the frequency analysis, by check-
ing the frequency distribution, the user may know the
harmony of function of autonomic nervous system. Time
domain analysis may also be performed to obtain SDNN that
indicates the overall heart rate variability, SDANN that
indicates the long-term overall heart rate variability,
RMSSD that indicates the short-term overall heart rate
variability, and R-MSSD, NN50 and PNNS50 that may be
used to evaluate high frequency variability in heart rate
variability.

[0128] It is to be noted herein that, the procedure for
obtaining RRI sequence through electrocardiographic sig-
nals may be performed before or after blood pressure
measurement, as long as it can reflect the current relation-
ship between blood pressure values and autonomic nervous
system in a real-time manner, without limitation. Addition-
ally, since HRV analysis requires relative long sampling
time, typically 5 minutes, and the user has to be in a relaxed
state, this is preferably performed in the case where the
contact between the electrode and the skin is established and
maintained without the user’s exerting force. For example,
it may be performed using the disclosed apparatus having
the electrodes mounted on an ear-worn structure or a finger-
worn structure, or having the electrode that contacts the
user’s skin when the cuff is placed around the user’s arm or
wrist. The implementation may vary according to the user’s
preference, without limitation.

[0129] Upon completion of measurement, the disclosed
apparatus for monitoring cardiovascular health may inform
its user of the measurement results, such as blood pressure
readings, the average heart rate, arrhythmia indication, and
heart rate variability, through a display element. Addition-
ally, the disclosed apparatus may also comprise a memory
for storing signals, analytic results, and/or relevant informa-
tion. In one preferred embodiment, the memory is a remov-
able memory, so that the user can transmit data conveniently
or take the removable memory with stored measurement/
analytic results to see the doctor. Additionally, the disclosed
apparatus may further comprise a communication module
for performing wired communication, such as USB connec-
tion, or wireless communication, such as Bluetooth or
Wi-Fi, so as to transmit the obtained signals, measurement/
analytic results and other data to an external apparatus, such
as a personal computer, a smart phone, a tablet computer, a
smart watch and so on, for display and/or further calculation
and analysis. Herein, the transmission with the external
apparatus may also be implemented to be real-time trans-
mission, without limitation.

[0130] With the arrangement of the electrodes as proposed
by the present invention, a user can use record electrocar-
diograms effortlessly and conveniently during blood pres-
sure measurement. However, arrhythmia does not happen
every time performing the blood pressure measurement, but
blood pressure values are physiological signals that need to
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be recorded regularly and consistently. Thus, according to
another aspect, the present invention further provides a
mechanism to pre-screen whether there is any arrhythmia
event under the situation that only blood pressure measure-
ment is performed. In this way, a user may choose to
perform electrocardiographic measurement only when the
screening result suggests a possible arrhythmia event.
[0131] The basis of the pre-screening is that during mea-
surement of blood pressure, the cuff’s inflation can allow not
only to measure blood pressure values but also to detect
arterial pulses. Thus, by analyzing consecutive arterial
pulses, it will be able to obtain heart beats corresponding to
the pulses, so as to further identify whether there is any
possible arrhythmia event, such as premature beats, artrial
fibrillation (AF), tachycardia, bradycardia, pause, etc.
[0132] To achieve the foregoing objective, the disclosed
apparatus for monitoring cardiovascular health further
includes an arrhythmia detecting unit, a notification gener-
ating unit, and an electrocardiogram analyzing unit.

[0133] The arrhythmia detecting unit is capable of deter-
mining whether there is a possible arrhythmia event accord-
ing to consecutive arterial pulses obtained through the cuff
during blood pressure measurement. The notification gen-
erating unit is capable of generating notification during
and/or after blood pressure measurement to inform the user
of any possible arrhythmia event, and prompting the user to
perform electrocardiographic signal measurement. The elec-
trocardiogram analyzing unit provides more heart-related
information by analyzing the obtained electrocardiogram.
For example, by analyzing the waveform, it is possible to
know information like the type of arrhythmia and whether
there are other heart symptoms.

[0134] As shown in FIG. 31, when a user performs blood
pressure measurement, he/she may put the inflatable cuff
around his/her limb, e.g., the upper arm or the wrist, as what
is done for normal blood pressure, and then start inflation. At
this time, in addition to blood pressure readings, arterial
pulses can be obtained simultaneously. Thus, the arrhythmia
detecting unit can use the obtained pulses to determine
whether there is a possible arrhythmia event. If there is no
possible arrhythmia events detected, the user is informed of
the measured blood pressure values and the average heart
rate as that is seen in a normal blood pressure measurement
process. Ifit is determined that there is a possible arrhythmia
event, in addition to the information available form blood
pressure measurement, such as blood pressure readings and
the average heart rate, the notification generating unit gen-
erates notification to inform the user of the possible arrhyth-
mia event in a real-time manner and to prompt the user to
perform electrocardiographic signal measurement. At the
same time, the disclosed apparatus for monitoring cardio-
vascular health enters into a state capable of measuring
electrocardiographic signals, so as to allow the user to record
the current electrocardiogram. Then, the electrocardiogram
analyzing unit analyzes the electrocardiogram to further
provide the user with more information of heart conditions.
[0135] In this way, the user can perform blood pressure
measurement without changing his/her habit of measuring
blood pressure, and only needs to perform electrocardio-
graphic signal measurement and record an electrocardio-
gram, by contacting the electrodes integrated with the
sphygmomanometer, when there is a possible arrhythmia
event, so as to immediately know the analytic results of the
electrocardiogram. Thus, the present invention features not
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only convenient measurement, but also the capability of
providing more accurate arrhythmia-related information.
[0136] Itisto be noted herein that, since the determination
of a possible arrhythmia event is done by analyzing arterial
pulses, it is possible to obtain arterial pulses using the cuff’s
inflation without measuring blood pressure, which has iden-
tical effect. Thus, the process may vary according to the
user’s practical needs, without limitation.

[0137] It is also to be noted that, when the cuff is inflated
to obtain arterial pulses during blood pressure measurement,
under-inflation may disable the apparatus from taking the
pulses and over-inflation may press the blood vessels exces-
sively and decrease measurement accuracy, so that, in prac-
tice, detection of arterial pulses may be set to perform only
when a certain criterion of cuff inflation is satisfied. For
example, a program may be used to control that the detection
is performed under constant inflation pressure. Alternatively,
it may be such set that the pulse measurement is only
performed when the inflation has reached a certain pressure
value (or the contact force is greater than a certain level).
[0138] After consecutive arterial pulses are obtained, the
arrhythmia detecting unit analyzes the consecutive arterial
pulses by first calculating time intervals between each two
consecutive pulses so as to obtain a time-sequence charac-
teristic of pulses, comparing the time-sequence characteris-
tic to the known time-sequence characteristics of various
arrhythmia types, such as premature beats, AF, bradycardia,
tachycardia, and pause, and determining existence of a
possible arrhythmia event when the characteristics match.
[0139] Advantageously, in the present invention, when
detection of the possible arrhythmia event, the sensitivity
can be properly increased by adjusting parameters of algo-
rithm. Since the possible arrhythmia event can be instantly
confirmed by analyzing the electrocardiogram obtained in
the subsequently performed electrocardiographic signal
measurement, even if the sensitivity is high, it is unlikely to
have erroneous determination. Thus, the present invention
can easily achieve highly accurate determination and effec-
tively eliminates erroneous determination as seen in the
prior art.

[0140] When the arrhythmia detecting unit determines that
there is a possible arrhythmia event, the notification gener-
ating unit generates notification to inform the user of the
possible arrhythmia event and to prompt the user to perform
electrocardiographic signal measurement. The notification
may be generated during and/or after pulse measurement,
without limitation. The contents and ways of notification
may also vary depending on real demands. For example, in
one preferred embodiment, a symbol of ECG measurement
in the screen may be lit after blood pressure measurement,
as shown in FIG. 32, so as to prompt the user to further
perform electrocardiographic signal measurement. More-
over, the symbol of ECG measurement may flash until the
user starts to perform electrocardiographic signal measure-
ment, so as to better urge the user. In another preferred
embodiment, another symbol may be lit to indicate a pos-
sible arrhythmia event, so that the user can perform elec-
trocardiographic signal measurement accordingly. For
example, RHYTHM in FIG. 33 indicates that there detects
a problem related to heart rate, such as AF, tachycardia,
bradycardia, and pause. In another preferred embodiment,
the symbol of ECG measurement and the symbol of
RHYTHM are lit simultaneously, as shown in FIG. 34, to
prompt the user to perform electrocardiographic signal mea-
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surement. The present invention places no limitation thereto
and allows various possibilities, as long as the user is clearly
informed of the possible arrhythmia event and prompted to
perform electrocardiographic signal measurement.

[0141] Herein, the notification may be presented as an
acoustic signal, a visual signal, and/or a tactile signal,
without limitation. For example, the information may be
displayed in a screen, as described previously, by variation
of symbols or text. Additionally, the information may be
presented to the user in other ways, such as light change,
voice or sound, or vibration, without limitation, as long as
the user can clearly understand the information. Alterna-
tively, the notification may be presented through an external
apparatus. For example, it may be wirelessly transmitted to
asmart phone, a tablet computer, or a smart watch to display,
so as to allow the user to get notification even more
convenient.

[0142] After generation of the notification, the disclosed
apparatus for monitoring cardiovascular health enters into a
state where it is capable of measuring electrocardiographic
signals, so as to allow a user to perform electrocardiographic
signal measurement by contact the electrodes. Herein, the
operation process may vary depending on the locations of
the electrodes. For example, when there is an electrode
combined on the cuff, the user only needs to further contact
the other electrode by, for example, wearing the ear-worn
structure, the finger-worn structure, the wrist-worn structure,
pressing the electrode on the housing surface, or pressing the
electrode at the outer side of the band. Alternatively, when
there is no electrode on the cuff, electrocardiographic signal
measurement may be performed using two additional elec-
trodes. For example, the user may do this by wearing both
an ear-worn structure and a finger-worn structure, wearing
two finger-worn structures on two hands, wearing an ear-
worn structure and using his/her finger to press an electrode
on the housing surface, or wearing a finger-worn structure at
his/her one hand and using the other hand to press an
electrode on the housing surface. Alternatively, when the
two electrodes are both located on the housing surface, the
user may directly hold the housing with one hand contacting
one of the electrodes, and make the other electrode contact
the other hand or the torso, so as to perform electrocardio-
graphic signal measurement. Alternatively, when the two
electrodes are both located on another holdable housing
connected to the housing, the user may hold the holdable
housing with one hand contacting one of the electrodes, and
make the other electrode contact the other hand or the torso
to perform electrocardiographic signal measurement. The
design and configuration of the electrodes may vary accord-
ing to real demands, without limitation.

[0143] Additionally, electrocardiographic signal measure-
ment may be started in different ways. For example, the user
may decide by himself/herself when to start measurement
and press the start button. Alternatively, the measurement
starts automatically when the contact between the electrodes
and the skin is checked through impedance check and
confirmed as ready for measurement. For example, once the
apparatus enters a state capable of measuring electrocardio-
graphic signals, impedance check is performed. When the
user properly wears and/or contacts the electrodes, and the
result of impedance check confirms electrode contact is
ready for electrocardiographic signal measurement, the mea-
surement starts automatically, for example, the user is noti-
fied that electrode contact has been established and electro-
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cardiographic signal measurement is about to start by screen
display or sound notification. Alternatively, after the appa-
ratus enters the state capable of measuring electrocardio-
graphic signals, as described previously, a sensor first check
whether the electrodes are properly located, and then imped-
ance check is performed. Afterward, if the result of imped-
ance check confirms the contact between the electrodes and
the skin is ready, the measurement starts automatically. The
present invention places no limitation thereto, and there are
various options.

[0144] After the electrocardiogram is obtained, the elec-
trocardiogram analyzing unit analyzes the obtained electro-
cardiogram, so as to provide more information of heart
conditions. Since the electrocardiogram provides detailed
electrical activities of heart, by analyzing the electrocardio-
gram, it is possible to first verify whether the possible
arrhythmia event suggested by the arrhythmia detecting unit
is true, and to subsequently identify the type of arrhythmia,
for example, to distinguish PAC and PVC, and to accurately
determine symptoms such as bradycardia, tachycardia, AF,
and pause. It is also possible to know whether there are other
heart disorders. For example, the ST value indicates whether
there is a symptom of myocardial infarction, and the ampli-
tude of the QRS wave indicates whether there is ventricle
hypertrophy. In this way, the user is aware of his/her heart’s
conditions according to the electrocardiogram as soon as a
possible arthythmia event is detected, and can use this
information as a reference for medical consultation.

[0145] In the aforesaid, the present invention provides an
apparatus for monitoring cardiovascular health which pro-
vides two functions, namely blood pressure measurement
and electrocardiographic signal measurement. It also incor-
porates the installation step of electrodes required by elec-
trocardiographic signal measurement into the conventional
process for using a sphygmomanometer to measure blood
pressure, thereby adding the function of electrocardio-
graphic signal measurement without increasing operation
complexity. In addition, in virtue of the prevalence of
sphygmomanometers in general households, electrocardio-
graphic signal measurement at home can be increasingly
adopted by people by using the present invention. Moreover,
based on the relevance between blood pressure values and
electrocardiograms, the present invention can provide more
cardiovascular information as reference for home healthcare
and clinical treatment.

[0146] Moreover, the present invention further proposes
special designs and locations for the arrangement of elec-
trocardiographic electrodes, so as to improve the obtained
electrocardiographic signal quality, thereby facilitating of
more accurate analytic results. Wherein by wearing a wear-
able structure that actively applies force to the skin, such as
an ear-worn structure, a finger-worn structure, a wrist-worn
structure, and structures establishing skin contact when the
cuff is set up, such as a carrying structure on the housing
surface, and an electrode structure combined with the cuff,
the present invention ensures stable contact between the
electrode and the skin, and minimizes interference from
electromyographic signals and artifacts.

[0147] The present invention also provides a mechanism
for pre-screening whether there is a possible arrhythmia
event and then verifying the possible arrhythmia event by
measuring an electrocardiogram. This mechanism allows a
user to be aware of a possible arrhythmia event without
changing the operation flow of blood pressure measurement
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he/she is used to. This mechanism also employs a notifica-
tion to prompt the user to perform electrocardiographic
signal measurement when the possible arrhythmia event is
detected, so as to immediately get accurate arrhythmia-
related information. In addition, since the electrodes
required for electrocardiographic signal measurement are
integrated with the sphygmomanometer, the user only needs
to contact the electrode directly and the measurement can be
performed. Briefly, as compared to the prior-art devices and
approaches, the present invention is more convenient to use
and requires less cost, thus being of great help to people who
care about their cardiovascular health.

1. An apparatus for monitoring cardiovascular health,
comprising:

a housing;

a control circuitry, comprising a processor and contained

in the housing;

an inflatable cuff, configured to surround a user’s one

upper limb;

a pump, contained in the housing;

at least a first electrode and a second electrode; and

an ear-worn structure, having the first electrode mounted

thereon,

wherein,

when performing a blood pressure measurement, the

processor controls the pump to inflate and deflate the
cuff, for measuring blood pressures of the user; and
when performing an electrocardiographic signal measure-
ment, through mounting the ear-worn structure on an
ear of the user, the first electrode contacts the skin of
the ear or around the ear, and through mounting the cuff
surrounding the upper limb, the second electrode con-
tacts the skin of the upper limb, thereby enabling the
processor to acquire electrocardiographic signals
through the first electrode and the second electrode.

2. The apparatus of claim 1, wherein the ear-worn struc-
ture is implemented as one of a group consisting of: an ear
clamp, an ear plug, and an ear hook.

3. The apparatus of claim 1, wherein the second electrode
is located on an inner surface of the cuff to contact the skin
of the surrounded upper limb; or the second electrode is
combined with an edge of the cuff to contact the skin of the
surrounded upper limb.

4. The apparatus of claim 1, wherein the second electrode
is mounted on a surface of the housing, and the housing is
carried by the cuff, and the second electrode is implemented
to position on a carrying structure and the carrying structure
is located on the housing, so that the second electrode
contacts the skin of the upper limb when the cuff encom-
passes the upper limb; or wherein the second electrode is
implemented to position on a carrying structure and the
carrying structure is located on another housing combined
with the housing, so that the second electrode contacts the
skin of the upper limb when the cuff encompasses the upper
limb.

5-6. (canceled)

7. The apparatus of claim 4, wherein the another housing
and the housing are implemented to mechanically combine
with and electrically connect to each other through a pair of
connectors, and the first electrode is connected to the another
housing through a connecting wire.

8. (canceled)

9. The apparatus of claim 1, further comprising a com-
munication module for performing wired or wireless com-
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munication with an external apparatus, and wherein the
external apparatus provides one or more of functions includ-
ing: control, display, storage, and analysis.

10. The apparatus of claim 1, wherein the processor
further performs an HRV analysis on the electrocardio-
graphic signals, so as to generate information of autonomic
nervous system activity of the user.

11. An apparatus for monitoring cardiovascular health,
comprising:

a housing;

a control circuitry, comprising a processor, and contained

in the housing;

an inflatable cuff, configured to surround an upper limb of

the user,

a pump, contained in the housing;

at least a first electrode and a second electrode;

a finger-worn structure, having the first electrode mounted

thereon,
wherein,
when performing a blood pressure measurement, the
processor controls the pump to inflate and deflate the
cuff, for measuring blood pressures of the user; and

when performing an electrocardiographic signal measure-
ment, through mounting the finger-worn structure on a
finger of the user, the first electrode contacts the skin of
the finger, and the second electrode contacts a skin
portion of the user other than the upper limb of the
finger, thereby enabling the processor to acquire elec-
trocardiographic signals through the first electrode and
the second electrode.

12. The apparatus of claim 11, wherein the finger-worn
structure is implemented to be one of a group consisting of:
a ring, a finger clamp, and a band surrounding a finger.

13. The apparatus of claim 11, wherein the second elec-
trode 1s located on an inner surface of the cuff to contact the
skin of the surrounded upper limb; or the second electrode
is combined with an edge of the cuff to contact the skin of
the surrounded upper limb.

14. The apparatus of claim 11, wherein the second elec-
trode is located on a surface of the housing, and the housing
is carried by the cuff, and the second electrode is imple-
mented to position on a carrying structure and the carrying
structure is located on the housing, so that the second
electrode contacts the skin of the upper limb when the cuff
encompasses the upper limb; or wherein the second elec-
trode is implemented to position on a carrying structure and
the carrying structure is located on another housing com-
bined with the housing, so that the second electrode contacts
the skin of the upper limb when the cuff encompasses the
upper limb.

15-16. (canceled)

17. The apparatus of claim 14, wherein the another
housing and the housing are implemented to mechanically
combine with and electrically connect to each other through
a pair of connectors, and the first electrode is connected to
the another housing through a connecting wire.

18. (canceled)

19. The apparatus of claim 11, further comprising a
communication module for performing wired or wireless
communication with an external apparatus, wherein the
external apparatus provides one or more of functions includ-
ing: control, display, storage, and analysis.

20. The apparatus of claim 11, wherein the processor
further performs an HRV analysis on the electrocardio-
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graphic signals, so as to generate information of autonomic
nervous system activity of the user.

21-29. (canceled)

30. An apparatus for monitoring cardiovascular health,

comprising:

a housing;

a control circuitry, comprising a processor, and at least
partially contained in the housing;

an inflatable cuff, for carrying the housing and surround-
ing an upper limb of a user;

a pump, contained in the housing;

a carrying structure, mounted on another housing, which
is connected with the housing, wherein the another
housing has a indentation;

at least a first electrode and a second electrode, wherein
the first electrode is located on the carrying structure,
and the second electrode is located inside the indenta-
tion;

wherein,

when performing a blood pressure measurement, the
processor controls the pump to inflate and deflate the
cuff for measuring the user’s blood pressure; and

when performing an electrocardiographic signal measure-
ment:

the housing and the another housing are configured to
mechanically combine with and electrically connect to
each other through a pair of connectors; and

the cuff encompasses the upper limb, so that the first
electrode contacts the skin of the upper limb through
the carrying structure, and the second electrode is
contacted by a finger of the other upper limb of the user
that is put into the indentation, thereby enabling the
processor to acquire electrocardiographic signals
through the first electrode and the second electrode.

31. A method for detecting arrhythmia through measuring

arterial pulses and electrocardiographic signals, the method
being executed by an apparatus for monitoring cardiovas-
cular health and comprising the following steps:
measuring blood pressures and plural consecutive arterial
pulses of a user using a blood pressure monitoring unit
and a cuff of the apparatus for monitoring cardiovas-
cular health;

calculating a time interval between each two consecutive
arterial pulses, so as to obtain a time-sequence charac-
teristic, and comparing the time-sequence characteris-
tic to at least one of predetermined arrhythmia time-
sequence characteristics;

determining a possible arrhythmia event when matched;

generating a notification to inform the user of the possible
arrhythmia event and prompt the user to perform elec-
trocardiographic signal measurement;

the apparatus for monitoring cardiovascular health enter-
ing into a state capable of measuring electrocardio-
graphic signals;

the user performing electrocardiographic signal measure-
ment using two electrocardiographic electrodes of the
apparatus for monitoring cardiovascular health, so as to
obtain an electrocardiogram;

storing the electrocardiogram; and

analyzing the electrocardiogram, for providing arrhyth-
mia related information and other information available
from the electrocardiogram.

32. The method of claim 31, wherein the predetermined

arrhythmia time-sequence characteristics include premature
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beats, atrial fibrillation, bradycardia, tachycardia, and pause,
and the arrhythmia related information includes types of
arrhythmia.

33. (canceled)

34. The method of claim 31, wherein the notification is
implemented as acoustic signals, visual signals, and/or tac-
tile signals, and wherein the acoustic signal is implemented
as sound change and/or voice, and the visual signal is
implemented as one or more of a group consisting of’ texts,
graphs, and light.

35-38. (canceled)

39. An apparatus for monitoring cardiovascular health, for
measuring blood pressure and for detecting arrhythmia
through measuring arterial pulses and electrocardiographic
signals, wherein the apparatus comprising:

a blood pressure monitoring unit;

an inflatable cuff, connected to the blood pressure moni-

toring unit and configured to encompass a limb of a
user, for measuring blood pressures and plural consecu-
tive arterial pulses of the user;

an arrhythmia detecting unit, calculating a time interval

between each two consecutive arterial pulses to obtain
a time-sequence characteristic, comparing the time-
sequence characteristic to at least one of predetermined
arrhythmia time-sequence characteristics, and deter-
mining a possible arrhythmia event when matched,
wherein, after the possible arrhythmia event is deter-
mined, the apparatus for monitoring cardiovascular
health enters a state capable of measuring electrocar-
diographic signals;
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a notification generating unit, generating a notification to
inform the user of the possible arrhythmia event and
prompting the user to perform electrocardiographic
signal measurement;

an electrocardiographic signal measuring unit, compris-
ing at least two electrodes, for performing electrocar-
diographic signal measurement using the at least two
electrode, so as to obtain an electrocardiogram;

a storage unit, storing the obtained electrocardiogram; and

an analysis unit, analyzing the electrocardiogram so as to
provide arrhythmia related information and other infor-
mation available from the electrocardiogram.

40. The apparatus of claim 39, wherein the predetermined
arrhythmia time-sequence characteristics comprises prema-
ture beats, atrial fibrillation, bradycardia, tachycardia, and
pause, the arrhythmia related information comprises types of
arrhythmia, and the notification is implemented as one or
more of a group consisting of: acoustic signal, visual signal,
and tactile signal.

41-42. (canceled)

43. The apparatus of claim 39, wherein at least one of the
at least two electrodes is located on one of structures
including: an ear-worn structure, a finger-worn structure,
and a wrist-worn structure; or the apparatus further com-
prises a housing, and at least one of the at least two
electrodes is located on a surface of the housing; or at least
one of the at least two electrodes is located on the cuff.

44-45. (canceled)
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