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SYSTEM AND METHODS OF
DETERMINING ETIOLOGY OF
UNDIAGNOSED SYMPTOMATIC EVENTS

TECHNICAL FIELD

[0001] The present disclosure is generally related to medi-
cal devices for determining etiology of undiagnosed symp-
tomatic events.

BACKGROUND

[0002] Syncope is a medical term for fainting and occurs
as a result of a reduction in blood flow and oxygen to the
brain. Various types of syncope exist and the severity of each
may vary. Neurocardiogenic syncope is a common type of
syncope and is often referred to as vasovagal syncope.
Neurocardiogenic syncopal episodes generally relate to
problems with both the heart and the nervous system. For
example, the sight of blood or extreme emotional distress
may trigger a neurocardiogenic syncopal episode that causes
your heart rate and blood pressure to drop suddenly. Ortho-
static hypotension is another type of syncope that may be
caused by a sudden drop in blood pressure induced by a
change in posture—position, such as when an individual
stands upright. Both neurocardiogenic syncope and orthos-
tatic hypotension can are typically harmless and require no
treatment. On the other hand, cardiogenic syncope is a more
serious type of syncope because, while it can be related to
other serious cardiac causes, it generally is related to cardiac
arrhythmias (e.g., abnormal heart rhythms) In particular, a
syncopal episode that is cardiogenic is generally indicative
of a more serious underlying heart problem that requires
immediate attention.

[0003] Syncopal episodes are intermittent in nature and
commonly characterized as a temporary loss of conscious-
ness with a fast onset, short duration, and spontaneous
recovery. This makes it difficult to diagnose syncope, which
requires a diagnostic workup including various forms of
physiological information obtained through, for example,
electrocardiogram (ECG) monitoring and blood pressure
monitoring, among other things. Due to the intermittent
nature of syncope, physiological information at the onset of
a syncopal episode useful in a diagnosis is often not avail-
able. In addition, collecting this information following a
syncopal episode is highly invasive and disruptive to a
patient’s day-to-day activities. Consequently, syncope of
unknown etiology is very common and often misdiagnosed.
[0004] It would therefore be desirable to provide a system
and method of detecting physiological changes associated
with undiagnosed symptomatic events such as syncope in a
non-invasive manner.

SUMMARY

[0005] In general, embodiments of the present disclosure
describe systems and methods of determining etiology of
undiagnosed events.

[0006] Accordingly, embodiments of the present disclo-
sure describe a method of determining etiology of undiag-
nosed events. The method includes monitoring electrocar-
diogram (ECG) signals and blood pressure (BP) of a patient
via a medical device. In response to a triggering event, the
method further includes capturing one or more of an ECG
segment and a BP reading. Upon capturing one or more of
an ECG segment and a BP reading in response a triggering
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event, the method includes classifying one or more of the
ECG segment and BP reading as normal or abnormal. The
etiology of undiagnosed symptomatic events based on the
classification of the ECG segment and/or BP reading is
determined.

[0007] Embodiments of the present disclosure further
describe a medical device comprising sensors for monitoring
ECG signals and BP of a patient. The medical device further
includes circuitry for capturing one or more of ECG seg-
ments and BP readings of a patient in response to a trigger-
ing event. The medical device also includes a processor. The
process is for communicating one or more of captured ECG
segments and captured BP readings to a remote monitoring
center directly or indirectly where the captured ECG seg-
ments and captured BP readings are classified as normal or
abnormal.

[0008] The details of one or more examples are set forth
in the description below. Other features, objects, and advan-
tages will be apparent from the description and from the
claims.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1isa schematic view of a patient and a patient
monitoring system, according to one or more embodiments
of the present disclosure.

[0010] FIG. 2 is a flowchart of a method of determining
etiology of undiagnosed events, according to one or more
embodiments of the present disclosure.

[0011] FIG. 3 is a flowchart of a method of determining
etiology of undiagnosed events for patient triggered events
and electrocardiogram/blood pressure triggered events,
according to one or more embodiments of the present
disclosure.

[0012] FIGS. 4A and 4B are flowcharts illustrating meth-
ods of classifying ECG signals and BP readings as normal
or abnormal in response to patient-triggered events and
automatically triggered events, respectively, according to
one or more embodiments of the present disclosure.
[0013] FIGS. 5A and 5B are schematic views of an adher-
ent device with a satellite blood pressure monitor and a
satellite blood pressure monitor, respectively, according to
one or more embodiments of the present disclosure.
[0014] FIG. 6 is a schematic diagram of an adherent
device for detecting normal and/or abnormal ECG segments,
according to one or more embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0015] The present invention relates to systems and meth-
ods of determining etiology of undiagnosed events. In
particular, the present invention relates to detecting physi-
ological changes associated with undiagnosed symptomatic
and/or asymptomatic events and other conditions by captur-
ing physiological data at the onset of symptomatic and/or
asymptomatic events and classifying the captured physi-
ological data as normal or abnormal. Undiagnosed events
may include syncope, falls, palpitations, seizures, among
other things. Here, a noninvasive medical device is used to
capture physiological data, such as electrocardiogram
(ECG) segments and blood pressure (BP) readings, in an
ambulatory setting, in response to a triggering event. The
captured physiological data is analyzed to detect physiologi-
cal changes with respect to, for example, heart rhythm and
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blood pressure. Using this analysis, the captured physiologi-
cal data may be classified as normal or abnormal and relied
upon to differentiate between common causes of syncope,
such as vasovagal syncope, and more severe causes of
syncope, such as cardiogenic syncope. In this way, the
present invention improves a diagnosis of syncope and other
conditions in patients in a non-invasive manner.

[0016] FIG. 1 is a schematic view of a patient P and a
monitoring system 10, according to an embodiment of the
present disclosure. Patient P includes a midline M, a first
side S1 (e.g., a right side), and a second side S2 (e.g., a left
side). Monitoring system 10 includes a patient medical
device 100, gateway 102, and remote monitoring center 106.
In the embodiment shown in FIG. 1, patient medical device
100 includes an adherent device 100A and a sensor 100B.
FIG. 1 shows the adherent device 100A attached to the skin
of the patient and the sensor 100B being worn by the patient.
In other embodiments (not shown in FIG. 1), patient medical
device 100 may be an implantable device, an insertable
device, an injectable device, a wearable device, such as a
Holter monitor (collectively referred to as a medical device),
or a combination thereof. Exemplary embodiments of suit-
able medical devices are described in more detail with
respect to FIGS. 1, 5, and 6. In general, medical device 100
is described herein as performing a monitoring function, but
in other embodiments may be configured to provide treat-
ment as well.

[0017] Medical device 100 can be adhered/injected/in-
serted/worn by patient P at many locations. In many embodi-
ments, adherent device 100A is adhered to one side of a
thorax of patient P, where it monitors ECG signals to detect
rhythm abnormalities, and sensor 100B is worn on an arm,
a wrist, or a finger of patient P, where blood pressure is
monitored to detect blood pressure abnormalities. The loca-
tion of medical device 100 can vary in other embodiments
and depend on the physiological parameters of patient P
being monitored. The physiological parameters being moni-
tored by medical device 100 may include electrocardiogram
(ECG) signals to detect rhythm abnormalities, such as
tachycardia and/or bradycardia, and blood pressure (BP)
readings to detect blood pressure abnormalities, as well as
activity level data, body posture, bio-impedance, respiration,
etc. A benefit of medical device 100 and its various embodi-
ments is that it may be utilized to collect physiological data
from the patient at an onset of a syncopal episode while the
patient goes about normal day-to-day activities outside of a
hospital setting.

[0018] Medical device 100 may be a non-invasive medical
device that is worn continuously and/or intermittently. In
many embodiments, adherent device 100A may be continu-
ously adhered to patient P (e.g., seven (7) to thirty (30) days)
and sensor 100B may be intermittently worn by patient P.
For example, sensor 100B may be a wearable satellite
pressure sensor (e.g., blood pressure cuff) that can be worn
on an arm, a wrist, or a finger of the patient. In one
embodiment, patient P only wears the blood pressure cuff in
response to a patient-triggered event. A patient-triggered
event may include instances where patient P triggers capture
of physiological data upon experiencing an onset of symp-
toms. In another embodiment, patient P only wears the blood
pressure cuff'in response to an automatically triggered event.
An automatically triggered event may include instances
where adherent device 100A detects asymptomatic events
(e.g., abnormal ECG segment) and then prompts (e.g.,
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alerts) patient P to wear the blood pressure cuff to capture BP
readings. In other embodiments, patient P continuously
wears the blood pressure cuff to capture BP readings in
response to automatically triggered events and/or predeter-
mined intervals without patient intervention. In other
embodiments, the adherent device and blood pressure cuff
are both worn continuously.

[0019] While adherent device 100A is also discussed
below with respect to FIG. 6, adherent device 100A may
include one or more sensors and circuitry for monitoring
and/or sensing physiological signals, such as ECG signals.
Embodiments of sensor 100B may include a blood pressure
cuff. The blood pressure cuff may include pressure sensor
elements and a battery, as well as circuitry for wirelessly
communicating with other medical device components,
including adherent device 100A. In many embodiments, the
circuitry communicates with adherent device 100A via Blu-
etooth connectivity. In other embodiments, circuitry com-
municates with adherent device 100A via Wi-Fi networks
and/or cellular networks. The blood pressure cuff may store
and wirelessly transmit monitored and captured blood pres-
sure data to adherent device 100A. At adherent device 100A,
blood pressure data is combined with, if available, ECG data
and other physiological data and subsequently stored and/or
transmitted to, for example, gateway 102 or remote moni-
toring center 106 for further processing and analysis. In
other embodiments, sensor 100B may be a glucose monitor
(e.g., a continuous glucose monitor), or an accelerometer.

[0020] Processing and analysis of physiological data (e.g.,
ECG signals/segments and BP data/readings) may be done
locally by medical device 100 (e.g., at adherent device
100A), or remotely by gateway 102 and/or remote monitor-
ing center 106 (or similar platform separate from medical
device 100). Processing and analysis of physiological data
may include monitoring physiological data to detect trig-
gering events, capturing physiological data in response to a
triggering event, and classifying the captured physiological
data as normal or abnormal. In many embodiments, physi-
ological data may be monitored locally (e.g., at adherent
device 100A) for triggering events. Captured physiological
data may be transmitted to an external processing center,
such as gateway 102 and/or remote monitoring center 106,
where it is processed, analyzed, and/or classified as normal
or abnormal. Captured physiological data may be transmit-
ted immediately or delayed for a period of time (i.e., until it
is possible/cost effective to communicate the data). In some
embodiments, once the physiological data is classified, the
physiological data may be stored for subsequent review by
a physician/expert, the physician/expert may verify the
classification and take appropriate steps (e.g., prescribe
treatment), and/or the patient P may be alerted of the
physiological data classified as abnormal.

[0021] In one embodiment, adherent device 100A moni-
tors ECG signals and sensor 100B (e.g., blood pressure cuff)
monitors a patient’s BP. Monitored BP data may be trans-
mitted from sensor 100B to adherent device 100A, where it
is combined with monitored ECG signals and analyzed
locally at adherent device 100A for a triggering event (e.g.,
a patient-triggered event and/or an automatically triggering
event). In one embodiment, upon detecting an automatically
triggering event, adherent device 100A automatically trig-
gers capture of ECG segments and BP readings. The cap-
tured BP readings are transmitted to adherent device 100A,
where the captured BP readings are combined with the
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captured ECG segments. The combined captured data is
subsequently communicated to gateway 102 and/or remote
monitoring center 106, where it is classified as normal or
abnormal and/or stored for subsequent review by a physi-
cian/expert. While the above embodiment locally analyzes
monitored ECG signals and BP data and remotely analyzes
captured ECG segments and BP readings, other embodi-
ments include analyzing monitored ECG signals and BP data
remotely, analyzing captured ECG segments and BP read-
ings locally, or any combination thereof.

[0022] In another embodiment, adherent device 100A
captures ECG segments and sensor 100B (e.g., blood pres-
sure cuff) captures BP readings in response to a patient-
triggered event. Captured BP readings may be transmitted
from sensor 100B to adherent device 100A, where the
captured BP readings are combined with the captured ECG
segments. The combined captured data is subsequently
communicated to gateway 102 and/or remote monitoring
center 106, where it is classified as normal or abnormal
and/or stored for subsequent review by a physician/expert.
While the above embodiment analyzes captured data
remotely, other embodiments include analyzing the captured
data locally (e.g., at adherent device 100A).

[0023] In the embodiment shown in FIG. 1, sensor 100B
communicates wirelessly with adherent device 1004, and
adherent device 100A communicates wirelessly with remote
center 106. The communication may occur directly (via a
cellular or Wi-Fi network, or via Bluetooth connectivity), or
indirectly through intermediate device or gateway 102. In
one embodiment, ECG signals and/or BP data monitored by
medical device 100 are analyzed locally at adherent device
100A and captured ECG segments and/or BP readings are
directly or indirectly communicated in their entirety to
remote center 106 for analysis. In other embodiments, one or
more of ECG signals, BP data, ECG segments, and BP
readings may be processed, analyzed, and/or transmitted
locally and/or remotely.

[0024] In one embodiment, gateway 102 comprises com-
ponents of the zI[Link™, a small portable device similar to a
cell phone that wirelessly transmits information received
from medical device 100 to remote monitoring center 106.
The gateway 102 may consist of multiple devices, which can
communicate wired or wirelessly with remote center 106 in
many ways, for example, with a connection 104 which may
comprise an Internet connection and/or with a cellular
connection. Remote center 106 may comprise a hosted
application for data analysis and storage that also includes a
website, which enables secure access to physiological trends
and clinical event information for interpretation and diag-
nosis. Remote center 106 may further or alternatively com-
prise a back-end operation where physiological data from
adherent device 100 are read by human experts to verify
accuracy. Reports may then be generated at remote moni-
toring center 106 for communication to the patient’s physi-
cian or care provider. In one embodiment, in addition to
one-way communication from medical device 100 to gate-
way 102 and/or remote monitoring center 106, remote
monitoring center 106 may communicate/push reference
data to medical device 100, either to program/initialize
medical device 100 or update the reference data stored by
medical device 100.

[0025] In an exemplary embodiment, monitoring system
10 comprises a distributed processor system with at least one
processing module (not shown) included as part of adherent
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device 100, at least one processor 102P of gateway 102, and
at least one processor 106P at remote center 106, each of
which processors can be in electronic communication with
the other processors. At least one processor 102P comprises
a tangible medium 102T, and at least one processor 106P
comprises a tangible medium 106T. Remote processor 106P
may comprise a backend server located at the remote center.
Physiological parameters—including ECG and BP
samples—monitored by medical device 100 and sensor 101
may be analyzed by one or more of the distributed proces-
sors included as part of medical device 100, gateway 102,
and/or remote monitoring center 106.

[0026] FIG. 2 is a flowchart of a method of determining
etiology of undiagnosed events, according to an embodi-
ment of the present invention. Any of the medical devices of
the present disclosure may be utilized to implement the
method illustrated in FIG. 2.

[0027] At step 201, physiological data are monitored via a
medical device. In one embodiment, the medical device
includes an adherent device and a blood pressure cuff.
According to this embodiment, the adherent device may
monitor ECG signals including heart rate of a patient and the
blood pressure cuff may monitor the BP of a patient. In other
embodiments, the medical device may include additional
components for monitoring other types of physiological
data, including one or more of glucose levels, pulse pressure,
posture/position including falls and sudden changes in pos-
ture, and epidermal pigment coloration. For example, a
continuous Bluetooth monitor may be utilized for the pur-
pose of detecting significant changes in glycemic profile that
may affect a change in BP and/or heart rate.

[0028] At step 202, physiological data are captured in
response to a triggering event. In some embodiments, the
physiological data captured includes prospective physiologi-
cal data (e.g., data captured following a triggering event). In
other embodiments, the physiological data that is captured
includes recent physiological data previously stored in
memory (e.g., “looping” memory). For example, looping
memory may include physiological data captured about 15
minutes before the triggering event. The period of time over
which recent physiological data is stored may be greater
than and/or less than 15 minutes. In these embodiments,
recent physiological data may be utilized where an event has
already passed by the time a triggering event is detected
and/or confirmed. In some embodiments, the physiological
data captured may include prospective physiological data
and recent physiological data stored in looping memory.
[0029] Generally, triggering events may include patient-
triggered events and/or automatically triggered events.
Patient-triggered events may include symptomatic events in
which a patient experiences an onset of symptoms and
manually triggers capture of physiological data. In one
embodiment, a patient experiencing an onset of symptoms
may manually trigger capture of ECG segments and/or BP
readings. In other embodiments, a patient may trigger cap-
ture of any type of physiological data upon experiencing an
onset of symptoms.

[0030] Automatically triggered events may include
asymptomatic events in which the medical device, upon
monitoring and/or detecting physiological data defining an
automatically triggering event, automatically triggers (e.g.,
without human intervention) the capture of physiological
data. In some embodiments, automatically triggered events
occur upon detecting a change in physiological data relative
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to baseline physiological data, or baseline data. Baseline
data generally refers to data utilized with respect to trigget-
ing events. In some embodiments, baseline data includes
threshold levels and/or changes in physiological levels.
Threshold levels include, but are not limited to, heart rate
thresholds, such as an upper heart rate limit and a lower heart
rate limit, and blood pressure thresholds, such as an upper
blood pressure limit and a lower blood pressure limit.
Changes in physiological levels include, but are not limited
to, ECG changes, heart rate changes, heart rhythm changes,
and blood pressure changes. Threshold levels and physi-
ological levels (e.g., baseline levels/data) for determining
changes in levels may be based on population-based data
(e.g., population-based ECG data) and/or patient-specific
baseline data (e.g., patient-specific baseline BP data). In
some embodiments, population-based data and/or patient-
specific data may include data relating to heart rhythm, heart
rate, ECG morphology, and blood pressure. In some embodi-
ments, baseline data includes capturing posture and/or posi-
tion data with a patient in an upright position. In other
embodiments, baseline data includes reference physiologi-
cal data as described below.

[0031] At step 203, the captured physiological data is
classified as normal or abnormal. In general, captured physi-
ological data is compared to reference physiological data in
order to classify captured data as normal or abnormal. In one
embodiment, the captured data is generally analyzed to
detect rhythm abnormalities (i.e., arrhythmia, etc.) and/or
blood pressure abnormalities (i.e., sudden increases and/or
decreases in blood pressure). Reference physiological data,
or reference data, generally refers to data utilized in classi-
fying captured physiological data as normal or abnormal. In
some embodiments, reference data includes previously cap-
tured physiological data, which may include physiological
data collected daily or less frequently, as well as physiologi-
cal data collected more recently, such as within the last 15
minutes. In some embodiments, captured ECG segments are
compared to previously captured ECG segments and clas-
sified as abnormal if an abnormal heart rhythm or a signifi-
cant ECG change is detected. In some embodiments, cap-
tured blood pressure readings are compared to previously
captured BP readings and classified as abnormal if a sig-
nificant BP change is detected. In other embodiments, ref-
erence physiological data includes one or more of previously
captured ECG data (e.g., ECG segments), previously cap-
tured BP data (e.g., BP data), and any of the baseline data
including threshold levels and changes in physiological
levels described above.

[0032] In many embodiments, monitored and captured
physiological data is combined and transmitted to remote
monitoring center 106 directly or indirectly through gateway
102 for further processing and analysis relating to classify-
ing the physiological data as normal or abnormal. However,
in some embodiments, monitored and captured physiologi-
cal data is combined and transmitted to remote monitoring
center 106 directly or indirectly through gateway 102 for
review by a human expert/physician.

[0033] At step 204, potential causes and results, including
captured ECG segments and BP readings are displayed and
communicated to a medical professional for review. In
addition, a potential cause of undiagnosed conditions in a
patient is identified based on the combination of one or more
types of physiological data and the classification of physi-
ological data as normal or abnormal. In one embodiment,
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step 204 may indicate and/or rule out one or more different
potential causes of undiagnosed conditions in a patient. An
abnormal ECG segment and abnormal BP reading may
indicate a rhythm disturbance. An abnormal ECG segment
and normal BP reading may indicate an arrhythmia-related
disturbance, which may be noted for future analysis. A
normal ECG segment and abnormal BP reading may indi-
cate other causes, such as neurocardiogenic syncope, ortho-
static hypotension, dehydration, and other neurogenic
causes. A normal ECG segment and a normal BP reading
may indicate that consideration of other causes is appropri-
ate. In some embodiments, the captured physiological data
and classification thereof as normal or abnormal is commu-
nicated to a medical professional for review. In some
embodiments, step 204 is optional.

[0034] FIG. 3 is a flowchart of a method of determining
etiology of undiagnosed events, according to an embodi-
ment of the present invention. Any of the medical devices
provided in the present disclosure may be utilized to imple-
ment the method illustrated in FIG. 3.

[0035] At step 301, baseline data is captured (e.g., col-
lected and stored). In many embodiments, baseline data may
be used to automatically trigger the capture of physiological
data (e.g., ECG segments and BP readings). Baseline data
may be collected as needed, but typically baseline data is
collected at the time a patient is fitted with a medical device
with the assistance of a medical professional (e.g., physi-
cian). In addition, baseline data may be renewed periodically
(e.g., daily) and may be obtained when the patient is known
to be in a resting state. In some embodiments, a resting state
may include one or more of low activity level, horizontal
posture, and low heart rate. In other embodiments, baseline
data may be obtained when the patient is not in a resting
state. In some embodiments, baseline data is stored locally
(e.g., on adherent device) where it is processed and/or
analyzed for automatically triggering events. In other
embodiments, baseline data may be stored remotely at
remote monitoring center 106 where it may be reviewed by
a physician/expert.

[0036] At step 302, physiological signals are monitored as
described above with respect to FIGS. 1 and 2. In one
embodiment, ECG signals including heart rate and blood
pressure are monitored. At decision steps 303 and 307, the
medical device detects automatically triggered events and
patient-triggered events, respectively. In some embodi-
ments, decision step 303 may confirm a patient-triggered
event occurred and the method 300 may proceed to step 304.
In some embodiments, decision step 303 may detect and/or
confirm no patient-triggered event occurred and the method
300 may proceed to decision step 307 to detect and/or
confirm an automatically triggered event. In some embodi-
ments, decision step 307 may detect and/or confirm an
automatically triggered event occurred and the method 300
may proceed to step 308. In some embodiments, decision
step 307 may detect and/or confirm that no automatically
triggered event occurred and the method 300 may proceed
and/or return to step 302. In other words, in some embodi-
ments, neither a patient-triggered event, nor an automati-
cally triggered event is detected and/or confirmed, in which
case the method 300 returns to step 302 and repeats the
above loop.

[0037] Generally, with respect to step 303, if a patient-
triggered event is detected and/or confirmed, the method 300
proceeds to step 304 and the medical device captures
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physiological data. In some embodiments, the medical
device utilizes recent physiological data stored in memory
(e.g., “looping” memory) of recent recordings. In this
embodiment, recent physiological data may be utilized
where an event has already passed by the time the patient-
triggered event is detected and/or confirmed. In some
embodiments, the medical device captures ECG segments
and/or BP readings in response to a patient-triggered event.
In many embodiments, both ECG segments and BP readings
are captured in response to a patient-triggered event. For
instance, in the absence of an automatically triggered event,
it is useful to capture both ECG segments and BP readings
to increase the type and amount of information available to
aid in diagnosis. While this embodiment generally relates to
ECG segments and BP readings, any type of physiological
data provided in the present disclosure may be captured at
this step.

[0038] Generally, with respect to step 307, if monitored
physiological data is above or below a threshold level, or if
monitored physiological data indicates a significant change
in a physiological level, the method 300 proceeds to step 308
and the medical device automatically triggers capture of the
relevant physiological data (e.g., non-triggering physiologi-
cal data). In some embodiments, at step 308, the relevant
physiological data that is captured includes recent physi-
ological data stored in memory (e.g., looping memory) of
recent recordings. Physiological data that is relevant
depends on the triggering event. In some embodiments,
automatically triggering events may be designated as an
ECG triggered event and/or a BP triggered event. For
example, if monitored ECG signals are above a heart rate
threshold in a case of tachycardia or below a heart rate
threshold in a case of bradycardia, an ECG triggered event
is observed and in this instance the relevant physiological
data captured is BP. In such a case, capturing ECG segments
may be unnecessary because, as a practical matter, the
occurrence of the ECG triggered event, alone, may be a
sufficiently reliable indicator of an abnormal ECG. In other
words, the ECG is presumed abnormal in instances where
the automatically triggering event is an ECG triggered
event. In another example, for BP triggered events, such as
a sudden increase and/or decrease in blood pressure, the
relevant physiological data captured is ECG segments. In
this instance, capturing BP readings may be unnecessary
because the occurrence of a BP triggered event, alone, may
be a sufficiently reliable indicator of an abnormal BP. While
the above embodiments may only capture non-triggering
physiological data at step 308, other embodiments capture
both triggering and non-triggering physiological data at step
308.

[0039] At steps 305 and 309, captured physiological data
is classified as normal or abnormal based on reference
physiological data, as described above with respect to FIG.
2. In particular, as described above with respect to FIG. 2,
reference data, which may be different from baseline data,
generally includes previously captured physiological data.
For example, in some embodiments, the captured physi-
ological data includes captured ECG segments and/or cap-
tured BP readings, and the captured ECG segments and/or
captured BP readings are classified as normal or abnormal
based on previously captured ECG segments and/or previ-
ously captured BP readings. In other embodiments, the
captured physiological data is classified as normal or abnor-

May 3, 2018

mal based on baseline data, the details of which are provided
above with respect to FIG. 2.

[0040] Steps 306 and 310 are optional. As provided above
with respect to FIG. 2, the combination of captured ECG
segments and captured BP readings and classifications cor-
responding to the captured ECG segments and captured BP
readings, respectively, may be utilized and/or relied upon to
determine a potential cause of undiagnosed conditions in a
patient, such as syncope and/or other conditions.

[0041] FIGS. 4A and 4B are flowcharts illustrating meth-
ods of classifying ECG signals and BP readings as normal
or abnormal in response to patient-triggered events and
automatically triggered events, respectively, according to
one or more embodiments of the present disclosure. Any of
the medical devices provided in the present disclosure may
be utilized to implement the methods illustrated in FIGS.
4A-4B.

[0042] As shown in FIGS. 4A and 4B, at step 401, baseline
ECG data and baseline BP data is captured (e.g., collected
and stored) from a patient. At step 402, ECG signals and BP
are monitored. In some embodiments, monitoring ECG of a
patient includes monitoring heart rate. Although step 402
monitors ECG signals and BP of a patient, any of the
physiological data provided in the present disclosure may be
monitored at this step. At step 403, triggering events are
detected. If a triggering event is detected, the method
proceeds to step 404. If no triggering event is detected, the
method returns to step 402 to monitor ECG signals and BP
and continues this loop until a triggering event is detected.
[0043] Referring to FIG. 4A, if a patient-triggered event is
detected and/or confirmed at step 404, the method 400
proceeds to step 405. At step 405, ECG segments and BP are
captured in response to the patient-triggered event.

[0044] At step 406, the method determines whether the
captured ECG segments are normal or abnormal. In some
embodiments, the determination of whether the captured
ECG segments are normal or abnormal includes determining
whether the captured ECG segment indicates an abnormal
ECG rhythm and/or a significant ECG change relative to
reference ECG data. In some embodiments, the reference
ECG data may include previously captured ECG segments.
In other embodiments, the reference data may include any of
the baseline data including threshold levels and changes in
physiological levels described above with respect to FIGS.
1-3. For example, the reference ECG data may include
population-based ECG data.

[0045] In embodiments where one or more of an abnormal
heart rhythm and significant ECG change is detected at step
406, the method 400 proceeds to step 407 and classifies the
captured ECG segment as abnormal. In embodiments where
neither an abnormal heart rhythm nor a significant ECG
change is detected, the method 400 proceeds to step 413 and
classifies the captured ECG segment as normal.

[0046] At decision step 408, the method determines
whether a relative BP change has occurred. In some embodi-
ments, to determine whether a relative BP change occurred,
the captured BP reading is compared to a previously cap-
tured BP reading. In one embodiment, the previously cap-
tured BP reading is a recently captured BP reading. In other
embodiments, the previously captured BP reading is not a
recently captured BP reading. In other embodiments, the
captured BP reading is compared to one or more of baseline
BP data including threshold levels and changes in physi-
ological changes as discussed with respect to FIG. 2. For
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example, in some embodiments, the captured BP reading is
compared to patient-specific baseline blood pressure data.
[0047] If a relative change is detected, decision step 408
determines whether the change is sufficient to classify the
BP reading as abnormal. In some embodiments, an abnormal
BP reading is defined as a sudden increase and/or decrease
in blood pressure. In some embodiments, an abnormal BP
reading is classified as abnormal if a reduction in systolic BP
greater than 20 mmHg from baseline is detected. In another
embodiment, an abnormal BP reading is classified as abnor-
mal if a reduction in diastolic BP greater than 10 mmHg
from baseline is detected. In other embodiments, any change
in BP is sufficient to classify a BP reading as abnormal.
[0048] At step 409, if a relative change is detected, the BP
reading is classified as abnormal.

[0049] At step 410, the captured ECG segments and
captured BP readings are both classified as abnormal. In
some embodiments, a rhythm disturbance is noted. In some
embodiments, the rhythm disturbance is indicative of
arrhythmia In other embodiments, the rhythm disturbance is
identified as a potential cause of an undiagnosed symptom-
atic event. In embodiments where syncope is suspected, the
rhythm disturbance suggests cardiogenic syncope as a
potential cause of the syncopal event. In some embodiments,
the classification of both the ECG and BP as abnormal is
indicative of a severe health condition requiring immediate
medical attention.

[0050] If no relative change is detected, decision step 408
proceeds to step 411. At step 411, the captured BP reading
is classified as normal.

[0051] At step 412, the captured ECG segment is classi-
fied as abnormal and the captured BP reading is classified as
normal. In some embodiments, heart rhythm is noted for
future analysis.

[0052] In embodiments where neither an abnormal heart
rhythm nor a significant ECG change is detected at step 406,
the method 400 proceeds to step 413 and classifies the
captured ECG segment as normal.

[0053] At decision step 414, the method determines
whether a relative BP change has occurred. In some embodi-
ments, to determine whether a relative BP change occurred,
the captured BP reading is compared to a previously cap-
tured BP reading. In one embodiment, the previously cap-
tured BP reading is a recently captured BP reading. In other
embodiments, the previously captured BP reading is not a
recently captured BP reading. In other embodiments, the
captured BP reading is compared to one or more of baseline
BP data including threshold levels and changes in physi-
ological changes as discussed with respect to FIG. 2. For
example, in some embodiments, the captured BP reading is
compared to patient-specific baseline blood pressure data.
[0054] If a relative change is detected, decision step 414
determines whether the change is sufficient to classify the
BP reading as abnormal. In some embodiments, an abnormal
BP reading is defined as a sudden increase and/or decrease
in blood pressure. In some embodiments, an abnormal BP
reading is classified as abnormal if a reduction in systolic BP
greater than 20 mmHg from baseline is detected. In another
embodiment, an abnormal BP reading is classified as abnor-
mal if a reduction in diastolic BP greater than 10 mmHg
from baseline is detected. In other embodiments, any change
in BP is sufficient to classify a BP reading as abnormal.
[0055] At step 415, if a relative change is detected, the BP
reading is classified as abnormal.
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[0056] At step 416, the captured ECG segments are clas-
sified as normal and the captured BP readings are classified
as abnormal. In some embodiments, causes such as neuro-
cardiogenic syncope, orthostatic hypotension, dehydration,
and other neurogenic causes are considered. In some
embodiments, causes such as neurocardiogenic syncope,
orthostatic hypotension, dehydration, and other neurogenic
are identified as a potential cause of an undiagnosed symp-
tomatic event.

[0057] If no relative change is detected, decision step 414
proceeds to step 417. At step 417, the captured BP reading
is classified as normal.

[0058] At step 418, the captured ECG segment is classi-
fied as normal and the captured BP reading is classified as
normal. In some embodiments, this information may be used
to rule out causes of undiagnosed symptomatic events. In
some embodiments, this information indicates other causes
should be considered.

[0059] Referring to FIG. 4B, if a patient-triggered event is
not detected and/or confirmed at step 404, the method 400
proceeds to step 419 with respect to automatically triggered
events.

[0060] At step 419, the method 400 determines whether
the automatically triggered event is an ECG triggered event,
as provided above with respect to FIG. 3. If an ECG
triggered event is detected and/or confirmed, the method 400
proceeds to step 420 to trigger capture of BP readings. If an
ECG triggered event is not detected and/or confirmed, the
method proceeds to step 426 to define the automatically
triggered event as a BP triggered event.

[0061] In some embodiments, an ECG triggered event
may be defined as an ECG above or below a threshold level
or a significant change in ECG relative to a baseline ECG
level. For example, if monitored ECG signals are above a
heart rate threshold in a case of tachycardia or below a heart
rate threshold in a case of bradycardia, an ECG triggered
event is observed. In this instance, the method proceeds to
step 420 to trigger capture of BP readings in response to the
ECG triggered event. In some embodiments, the detection
and/or confirmation of an ECG triggered event is a sufficient
indicator of an abnormal ECG. As a result, the ECG trig-
gered event only triggers capture of BP readings because,
based on the occurrence of an ECG triggered event, it is
presumed that the ECG is abnormal. In other embodiments
(not shown), both ECG segments and BP readings are
captured in response to an ECG triggered event. This
embodiment generally recognizes that criteria for triggering
events may differ from the criteria for abnormal physiologi-
cal data, and may produce different results. For example, an
ECG triggered event based on baseline data may be suffi-
cient as a trigger, but an ECG segment captured in response
to the triggered event may be classified as normal relative to
reference data (e.g., previously captured ECG segments).
[0062] At step 420, BP readings are captured in response
to the ECG triggered event.

[0063] At decision step 421, the method determines
whether a departure from the baseline BP has occurred. In
some embodiments, to determine whether the captured BP
reading is a departure from the baseline BP, the captured BP
reading is compared to baseline BP data. In many embodi-
ments, the captured BP reading is compared to patient-
specific BP data. In some embodiments, the baseline BP
includes blood pressure thresholds, such as an upper blood
pressure limit and a lower blood pressure limit. In other
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embodiments, the baseline BP data may be based on one or
more of reference BP data, such as previously captured BP
readings, and baseline BP including threshold levels and
changes in physiological changes as discussed above with
respect to FIG. 2.

[0064] If a departure from baseline BP data is detected,
decision step 421 determines whether the change is suffi-
cient to classify the BP reading as abnormal. In some
embodiments, an abnormal BP reading is defined as a
sudden and/or significant increase and/or decrease in blood
pressure relative to baseline data. In some embodiments, an
abnormal BP reading is classified as abnormal if a reduction
in systolic BP greater than 20 mmHg from baseline is
detected. In another embodiment, an abnormal BP reading is
classified as abnormal if a reduction in diastolic BP greater
than 10 mmHg from baseline is detected. In other embodi-
ments, any change in BP is sufficient to classify a BP reading
as abnormal.

[0065] At step 422, if a departure from baseline BP data is
detected, the BP reading is classified as abnormal.

[0066] At step 423, the ECG is presumed abnormal and
the captured BP readings are classified as abnormal. In some
embodiments, a rhythm disturbance is noted. In some
embodiments, the rhythm disturbance is indicative of
arrhythmia In other embodiments, the rhythm disturbance is
identified as a potential cause of an undiagnosed symptom-
atic event. In embodiments where syncope is suspected, the
rhythm disturbance suggests cardiogenic syncope as a
potential cause of the syncopal event. In some embodiments,
the classification of both the ECG (presumed) and BP as
abnormal is indicative of a severe health condition requiring
immediate medical attention.

[0067] Ifno relative change is detected, decision step 421
proceeds to step 424. At step 424, the captured BP reading
is classified as normal.

[0068] At step 425, the ECG is presumed abnormal and
the captured BP reading is classified as normal. In some
embodiments, heart rhythm is noted for future analysis.

[0069] If an ECG triggered event is not detected and/or
confirmed, the method proceeds to step 426 to define the
automatically triggered event as a BP triggered event. In one
embodiment, at step 426, the method has determined that a
triggering event occurred at step 403, that no patient-
triggered event occurred at step 404, and that the automati-
cally triggered event was not an ECG triggered event.
Through this process of elimination, step 426 must be
defined as a BP triggered event. In other embodiments, the
process of detecting a triggering event and identifying it as
a patient-triggered event and/or automatically triggered
event (e.g., ECG triggered event and/or BP triggered event)
may be performed in any order.

[0070] At step 427, the BP reading is presumed abnormal.
In many embodiments, in the absence of any symptomatic
events giving rise to a patient-triggered event and in the
absence of an ECG triggered event, ECG is presumed
normal and no ECG segment is captured. In addition, the
occurrence of a BP triggered event is presumed to be a
sufficiently reliable indicator an abnormal BP and no BP
reading is captured. In embodiments involving a BP trig-
gered event, both the ECG and BP may be presumed normal
and abnormal, respectively. While no ECG segments and no
BP readings are captured in response to a BP triggered event
in the above embodiment, in other embodiments, one or
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more of ECG segments and BP readings may be captured in
response to a BP triggered event.

[0071] At step 428, the ECG is presumed normal and the
BP is presumed abnormal. In some embodiments, causes
such as neurocardiogenic syncope, orthostatic hypotension,
dehydration, and other neurogenic causes are considered. In
some embodiments, causes such as neurocardiogenic syn-
cope, orthostatic hypotension, dehydration, and other neu-
rogenic are identified as a potential cause of an undiagnosed
symptomatic event.

[0072] At decision step 405, the captured BP reading is
analyzed for purposes of classifying the captured BP reading
as normal or abnormal. As provided above with respect to
FIGS. 2 and 3, captured physiological data is compared to
reference physiological data as a basis for classifying the
captured data as normal or abnormal. In some embodiments,
captured BP readings are analyzed for a departure from
previously captured BP readings. For example, captured BP
readings may be analyzed to detect a sudden and/or sub-
stantial increase and/or decrease in BP relative to previously
captured BP readings. While previously captured BP read-
ings are utilized as reference data in the above embodiments,
other embodiments may utilize baseline data for this step. If
the BP reading is classified as abnormal, method 400 pro-
ceeds to step 406. If the BP is classified as normal, method
400 proceeds to step 408.

[0073] FIGS. 5A-5B is a schematic view of an adherent
device a satellite blood pressure monitor, according to one or
more embodiments of the present disclosure. As shown in
FIG. 5A, an adherent patch 501 is positioned on a thorax of
patient P with a satellite blood pressure cuff 502 positioned
on an arm of patient P. Another embodiment of a satellite
blood pressure cuff is shown in FIG. 5B. In particular, FIG.
5B illustrates a satellite blood pressure cuff 503 worn on a
wrist of patient P.

[0074] As shown in FIGS. SA-5B, the blood pressure cuff
may monitor and capture BP and the adherent device may
monitor and capture ECG (including heart rate). In one
embodiment, the monitored and/or captured BP readings are
communicated to the adherent device, where the BP read-
ings are combined with the ECG segments. In some embodi-
ments, detecting triggering events is performed locally on
the adherent device, but the classification of captured physi-
ological data is performed remotely at a remote monitoring
center. In other embodiments, detecting triggering events
and/or classifying captured physiological data may be per-
formed locally, remotely, or any combination thereof.
[0075] FIG. 6 is an exploded view of a monitoring device
600, according to an embodiment of the present disclosure.
In the embodiment shown in FIG. 6, monitoring device 600
is an adherent device, but, as described above, may also be
implemented as an implantable device, an insertable device,
an injectable device, or a wearable device. In the embodi-
ment shown in FIG. 6, adherent device 600 includes adher-
ent tape 610T, electrodes 6124, 612B, 612C, 612D with gels
614A, 614B, 614C, 614D, printed circuit board (PCB) 620,
flexible connected 622A, electrical components/sensors 630
mounted on PCB 620, batteries 650, electronics housing
cover 660, and flexible cover 662.

[0076] Adherent device 600 comprises at least two elec-
trodes—although the embodiment shown in FIG. 6 includes
electrodes 612A, 612B, 612C and 612D. Adherent device
600 may comprise a maximum dimension, for example a
maximum length from about 4 to 10 inches, a maximum
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thickness along a profile of the device from about 0.2 inches
to about 0.6 inches, and a maximum width from about 2 to
about 4 inches. The adherent patch 600 comprises a first
side, or a lower side 610A, that is oriented toward the skin
of the patient when placed on the patient. The adherent patch
600 may also comprise a tape 610T which is a material,
preferably breathable, with an adhesive (not shown) to
adhere to patient P. Electrodes 6124, 612B, 612C and 612D
are affixed to adherent patch 600. In many embodiments, at
least four electrodes are attached to the patch. Gels 614A,
614B, 614C and 614D can each be positioned over elec-
trodes 612A, 612B, 612C and 612D, respectively, to provide
electrical conductivity between the electrodes and the skin
of the patient. Adherent patch 600 also comprises a second
side, or upper side 610B. In many embodiments, electrodes
612A, 612B, 612C and 612D extend from lower side 610A
through adherent patch 100 to upper side 610B. An adhesive
can be applied to upper side 610B to adhere structures, for
example, a breathable cover, to the patch such that the patch
can support the electronics and other structures when the
patch is adhered to the patient. In many embodiments,
adherent patch 100 may comprise a layer of breathable tape
610T, for example, a tricot-knit polyester fabric, to allow
moisture vapor and air to circulate to and from the skin of
the patient through the tape. Electrical signals received at
electrodes 612A-612D may be communicated to electronic
components 630 via flexible connection 622A, which is
connected to a PCB (not shown). Cover 660 is positioned
over batteries 650 and electronic components 630 to provide
protection for both. In addition, flexible cover 662 is posi-
tioned to encase the flexible PCB 620, electronics compo-
nents 630, and/or adherent patch 610 so as to protect at least
the electronics components and the PCB

[0077] In addition, electronic components 630 may
include ECG circuitry utilized to generate electrocardiogram
signals and data from two or more of electrodes 612A, 612B,
612C and 612D in many ways. In some embodiments, ECG
circuitry (not shown) is connected to inner electrodes 612B
and 612C, which may comprise sense electrodes of the
impedance circuitry. In many embodiments, the ECG cir-
cuitry may measure the ECG signal from electrodes 612A
and 612D when current is not passed through electrodes
612A and 612D. In addition, electronic components 630
may include bioimpedance circuitry connected to two or
more of electrodes 612A, 612B, 612C and 612D to allow
electronic components 630 to measure a bioimpedance
associated with the patient. In addition, electronic compo-
nents 630 may include an accelerometer configured to
measured motion of the patient.

[0078] In addition, electronic circuitry 630 may comprise
a processor module. The processor module can be config-
ured to receive physiological parameters from a satellite
sensor, such as a blood pressure cuff, and combine the
received physiological parameters with physiological
parameters monitored and captured by adherent device 600.
The processor module can be configured to analyze the
physiological parameters according to the methods
described herein and also to control the collection and
transmission of data received from the electrocardiogram
circuitry and circuitry of the satellite sensor. In one embodi-
ment, the processor module is included as part of electronic
circuitry 630 and comprises a tangible medium, for example,
read only memory (ROM), electrically erasable program-
mable read only memory (EEPROM) and/or random access
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memory (RAM). Tangible medium may, for example, store
baseline data and/or previously captured data to be utilized
in classifying physiological data as normal or abnormal.
Processing of monitored physiclogical parameters such as
ECG signals and BP readings may be distributed between
the local processor module included as part of electronic
circuitry 630 and remote monitoring system 106 (shown in
FIG. 1).

[0079] In one embodiment, a processor and/or a process-
ing module include electronic circuitry configured to process
monitored ECG signals and BP readings of a patient, detect
rhythm abnormalities (e.g., bradycardia, tachycardia, etc.)
for a plurality of threshold heart rates, capture clinically
relevant ECG episode based on the rate-based sensitivity
levels associated with each of the plurality of threshold heart
rates, adjust the sensitivity of at least one of the sensitivity
levels, and reset at least one of the sensitivity levels. The
processor and/or processing module may also communicate
and/or transmit ECG signals and/or captured ECG segments
to a remote monitoring center for review by an analysis.

[0080] In many embodiments, electronics components
630 comprise wireless communications circuitry (not
shown) to communicate with remote center 106. The PCB
(not shown) may comprise an antenna to facilitate wireless
communication. The antenna may be integral with the PCB
or may be separately coupled thereto. The wireless commu-
nication circuitry can be coupled to the electrocardiogram
circuitry to transmit to a remote center with a communica-
tion protocol at least one of the electrocardiogram signal or
other features collected by the adherent device 600. In
specific embodiments, the wireless communication circuitry
is configured to transmit collected physiological parameters
to remote center 106 (shown in FIG. 1) either directly or
through gateway 102. The communication protocol com-
prises at least one of Bluetooth, ZigBee, WiFi, WiMAX, IR,
amplitude modulation or frequency modulation. In many
embodiments, the communications protocol comprises a
two-way protocol such that the remote center is capable of
issuing commands to control data collection. For example,
in one embodiment a physician/technician may push
updated heart-rate thresholds and/or rate-based sensitivity
levels to adherent device 600. For example, a physician may
increase the rate-based sensitivity levels associated with one
or more heart-rate thresholds in response to few ECG
segments being captured. Conversely, in response to a high
number of ECG segments being captured, a physician/expert
may decrease the rate-based sensitivity levels associated
with one or more heart-rate thresholds.

Discussion of Possible Embodiments

[0081] The following are non-exclusive descriptions of
possible embodiments of the present invention.

[0082] A method of determining an etiology of undiag-
nosed events, the method comprising monitoring electrocar-
diogram (ECG) signals and blood pressure (BP) of a patient
via a medical device; capturing one or more of an ECG
segment and a BP reading in response to a triggering event;
classifying one or more of the ECG segment and BP reading
as normal or abnormal; and determining etiology of undi-
agnosed symptomatic events based on the classification of
the ECG segment and/or BP reading.
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[0083] The method of the preceding paragraph can option-
ally include, additionally and/or alternatively any, one or
more of the following features, configurations and/or addi-
tional components.

[0084] The method may further include wherein the medi-
cal device is non-invasive.

[0085] The method may further include wherein the medi-
cal device includes an adherent patch and a blood pressure
cuff.

[0086] The method may further include wherein the ECG
segment and/or BP reading captured includes one or more of
prospectively captured ECG segments, prospectively cap-
tured BP readings, recently captured ECG segments, and
recently captured BP readings.

[0087] The method may further include wherein the trig-
gering event is one or more of a patient triggered event and
an automatically triggered event. The method may further
include wherein the automatically triggered event is based
on the monitored ECG signal and/or BP deviating from
baseline data. The method may further include wherein the
baseline data includes one or more of patient-specific BP
and/or ECG data and population-based BP and/or ECG data.

[0088] The method may further include wherein the ECG
segment and/or BP reading is classified as normal or abnor-
mal based on reference data.

[0089] The method may further include wherein an ECG
segment is classified as normal or abnormal based on a
previously captured ECG segment.

[0090] The method may further include wherein an ECG
segment is classified as abnormal if an abnormal heart
rhythm is detected.

[0091] The method may further include wherein an ECG
segment is classified as abnormal if a significant ECG
change is detected.

[0092] The method may further include wherein a BP
reading is classified as normal or abnormal based on a
previously captured BP reading.

[0093] The method may further include wherein a BP
reading is classified as abnormal if a significant BP change
is detected.

[0094] In another embodiment, a medical device may
include sensors for monitoring ECG signals and BP of a
patient; circuitry for capturing one or more of ECG seg-
ments and BP readings of a patient in response to a trigger-
ing event; and a processor for communicating one of more
of captured ECG segments and captured BP readings to
remote monitoring center directly or indirectly where the
captured ECG segments and captured BP readings are
classified as normal or abnormal.

[0095] The method of the preceding paragraph can option-
ally include, additionally and/or alternatively any, one or
more of the following features, configurations and/or addi-
tional components.

[0096] The medical device may further include wherein
the triggering event is one or more of a patient triggered
event and an automatically triggered event. The medical
device may further include wherein the automatically trig-
gered events are based on the monitored ECG signal and/or
BP deviating from baseline data. The medical device may
further include wherein the baseline data includes one or
more of patient-specific ECG and/or BP data and popula-
tion-based ECG and/or BP data.
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[0097] The medical device may further include sensors for
monitoring one or more of glucose levels, pulse pressure,
posture, and epidermal pigment.
[0098] The medical device may further include wherein an
ECG segment is classified as abnormal if an abnormal heart
rhythm and/or significant ECG change is detected.
[0099] The medical device may further include wherein a
BP reading is classified as abnormal if a significant BP
change is detected.
[0100] Other embodiments of the present disclosure are
possible. Although the description above contains much
specificity, these should not be construed as limiting the
scope of the disclosure, but as merely providing illustrations
of some of the presently preferred embodiments of this
disclosure. It is also contemplated that various combinations
or sub-combinations of the specific features and aspects of
the embodiments may be made and still fall within the scope
of this disclosure. It should be understood that various
features and aspects of the disclosed embodiments can be
combined with or substituted for one another in order to
form various embodiments. Thus, it is intended that the
scope of at least some of the present disclosure should not
be limited by the particular disclosed embodiments
described above.
[0101] Thus the scope of this disclosure should be deter-
mined by the appended claims and their legal equivalents.
Therefore, it will be appreciated that the scope of the present
disclosure fully encompasses other embodiments which may
become obvious to those skilled in the art, and that the scope
of the present disclosure is accordingly to be limited by
nothing other than the appended claims, in which reference
to an element in the singular is not intended to mean “one
and only one” unless explicitly so stated, but rather “one or
more.” All structural, chemical, and functional equivalents
to the elements of the above-described preferred embodi-
ment that are known to those of ordinary skill in the art are
expressly incorporated herein by reference and are intended
to be encompassed by the present claims. Moreover, it is not
necessary for a device or method to address each and every
problem sought to be solved by the present disclosure, for it
to be encompassed by the present claims. Furthermore, no
element, component, or method step in the present disclo-
sure is intended to be dedicated to the public regardless of
whether the element, component, or method step 1s explic-
itly recited in the claims.
[0102] The foregoing description of various preferred
embodiments of the disclosure have been presented for
purposes of illustration and description. It is not intended to
be exhaustive or to limit the disclosure to the precise
embodiments, and obviously many modifications and varia-
tions are possible in light of the above teaching. The
example embodiments, as described above, were chosen and
described in order to best explain the principles of the
disclosure and its practical application to thereby enable
others skilled in the art to best utilize the disclosure in
various embodiments and with various modifications as are
suited to the particular use contemplated. It is intended that
the scope of the disclosure be defined by the claims
appended hereto
[0103] Various examples have been described. These and
other examples are within the scope of the following claims.

What is claimed is:

1. A method of determining etiology of undiagnosed
events, the method comprising:
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monitoring electrocardiogram (ECG) signals and blood
pressure (BP) of a patient via a medical device;

capturing one or more of an ECG segment and a BP
reading in response to a triggering event;

classifying one or more of the ECG segment and BP

reading as normal or abnormal; and

determining etiology of undiagnosed symptomatic events

based on the classification of the ECG segment and/or
BP reading.

2. The method of claim 1, wherein the medical device is
non-invasive.

3. The method of claim 1. wherein the medical device
includes an adherent patch and a blood pressure cuff.

4. The method of claim 1, wherein the ECG segment
and/or BP reading captured includes one or more of pro-
spectively captured ECG segments, prospectively captured
BP readings, recently captured ECG segments, and recently
captured BP readings.

5. The method of claim 1, wherein the triggering event is
one or more of a patient triggered event and an automatically
triggered event.

6. The method of claim 5, wherein the automatically
triggered event is based on the monitored ECG signal and/or
BP deviating from baseline data.

7. The method of claim 6, wherein the baseline data
includes one or more of patient-specific BP and/or ECG data
and population-based BP and/or ECG data.

8. The method of claim 1, wherein the ECG segment
and/or BP reading is classified as normal or abnormal based
on reference data.

9. The method of claim 1, wherein an ECG segment is
classified as normal or abnormal based on a previously
captured ECG segment.

10. The method of claim 1, wherein an ECG segment is
classified as abnormal if an abnormal heart rhythm is
detected.
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11. The method of claim 1, wherein an ECG segment is
classified as abnormal if a significant ECG change is
detected.

12. The method of claim 1, wherein a BP reading is
classified as normal or abnormal based on a previously
captured BP reading.

13. The method of claim 1, wherein a BP reading is
classified as abnormal if a significant BP change is detected.
14. A medical device, the medical device comprising:
sensors for monitoring ECG signals and BP of a patient;
circuitry for capturing one or more of ECG segments and

BP readings of a patient in response to a triggering
event; and

a processor for communicating one of more of captured

ECG segments and captured BP readings to remote
monitoring center directly or indirectly where the cap-
tured ECG segments and captured BP readings are
classified as normal or abnormal.

15. The medical device of claim 14, wherein the trigger-
ing event is one or more of a patient triggered event and an
automatically triggered event.

16. The medical device of claim 15, wherein the auto-
matically triggered events are based on the monitored ECG
signal and/or BP deviating from baseline data.

17. The medical device of claim 16, wherein the baseline
data includes one or more of patient-specific ECG and/or BP
data and population-based ECG and/or BP data.

18. The medical device of claim 14, further comprising
sensors for monitoring one or more of glucose levels, pulse
pressure, posture, and epidermal pigment.

19. The medical device of claim 14, wherein an ECG
segment is classified as abnormal if an abnormal heart
rhythm and/or significant ECG change is detected.

20. The method of claim 14, wherein a BP reading is
classified as abnormal if a significant BP change is detected.
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