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SYSTEMS AND METHODS FOR VALIDATING
MONITORING DEVICE PLACEMENT AND
LOCATIONS

FIELD OF THE DISCLOSURE

[0001] The present disclosure is generally related to sys-
tems and methods for validating monitoring device locations.

SUMMARY

[0002] In aparticular embodiment, an external monitoring
device located on a patient may include one or more proces-
sors, one or more memory devices, one or more power
devices, one or more heart rate detection devices, and one or
more heart sound detection devices.

[0003] In a particular embodiment, a method may include
obtaining via one or more processors heart rate data, obtain-
ing heart sound data, and/or determining via the one or more
processors an external monitoring device state where the
determined external monitoring device state is produced viaa
validation module. The validation module utilizes the
obtained heart rate data and the obtained heart sound data to
generate one or more determined external monitoring device
states.

[0004] In a particular embodiment, a system may include
an external monitoring device located on a patient, a base
station, and/or an external computing device. The external
monitoring device may include one or more processors, one
or more memotry devices, one or more power devices, one or
more heart rate detection devices, and one or more heart
sound detection devices. The base station may include a base
station processor, a base station memory, and a base station
power supply. The external device may include an external
device processor, an external device memory, and an external
device power supply.

[0005] The features, functions, and advantages that have
been described can be achieved independently in various
embodiments or may be combined in yet other embodiments,
further details of which are disclosed with reference to the
following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIGS.1A-1F are diagrams illustrating various loca-
tions for an external monitoring device, according to various
embodiments;

[0007] FIG.2isaflow chart forvalidating the location of an
external monitoring device, according to one embodiment;
[0008] FIG. 3 is another flow chart for validating the loca-
tion of an external monitoring device, according to one
embodiment;

[0009] FIGS. 4A-4D are illustrations of a plurality of
planes relating to an individual, according to various embodi-
ments;

[0010] FIG. 5 is an illustration, which can be utilized to
determine a quiet period, according to one embodiment;
[0011] FIG. 6 is a block diagram of the system and/or the
device for validating one or more locations for an external
monitoring device, according to one embodiment;

[0012] FIG. 7 shows illustrations of data obtained from an
electrocardiography signal and a heart sound signal, accord-
ing to one embodiment;

[0013] FIG. 8A is a table illustrating various conditions
based on data obtained from an electrocardiography signal
and a heart sound signal, according to one embodiment;
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[0014] FIG. 8B is another table illustrating various condi-
tions based on data obtained from an electrocardiography
signal and a heart sound signal, according to one embodi-
ment;

[0015] FIGS. 9A-9B are illustrations of the external moni-
toring device, according to various embodiments;

[0016] FIG. 10 is a flow chart for validating the location of
one or more external devices, according to one embodiment;
[0017] FIG. 11 is an illustration of a monitoring system,
according to one embodiment;

[0018] FIG. 12 is an illustration of an implantable medical
device, according to one embodiment; and

[0019] FIG. 13 is a block diagram of an implantable medi-
cal device, according to one embodiment.

DETAILED DESCRIPTION

[0020] In various embodiments, determining a device’s
(e.g., monitoring device, detection device, therapy device,
communication device, etc.) location on a patient’s body may
be critical to delivering reliable performance from the device
(e.g., monitoring device, detection device, therapy device,
communication device, etc.) and/or any other related device.
For example, a heart sound detection device’s location and/or
a heartbeat detection device’s location may be important for
generating accurate heart beat measurements, accurate heart
sound measurements, and/or to ensure patient compliance
withrespect to device wearability guidelines. In one situation,
where the electrocardiography (“ECG”) signal is either weak
or absent, determining the device’s (e.g., heart beat detection
device, heart sound detection device, etc.) location may assist
in troubleshooting whether the signal is weak due to incorrect
device placement or due to a dysfunctional electrode and/or
electrode patch (and/or a lead in an implantable medical
device). In another situation, where the ECG signal is noisy,
determining the device’s location in combination with the
signal integrity check module may assist in the troubleshoot-
ing process because the signal may be noisy due to the
device’s location or due to a dysfunctional electrode and/or
electrode patch (and/or a lead in an implantable medical
device). In another situation, where the ECG signal is noisy
from a source (e.g., implantable medical device, etc.), the
system, device, and/or method may determine heart beats
simultaneously from another source, such as heart sounds,
which may help troubleshoot whether the noise is due to lead
breakage, header misalignment, and/or movement/misalign-
ment of the one or more devices (e.g., a patient twiddling the
device and/or causing communication error due to antenna
mismatch).

[0021] Forexample, one or more processors may determine
a device’s (e.g., heart beat detection device, heart sound
detection device, etc.) location on a patient and based at least
in part on this information, generate a first error message. The
first error message may be that the external monitoring device
is in a location that is incorrect and/or outside of a tolerance
range. The first error message may be generated, transmitted,
compiled, and/or stored. In another example, the one or more
processors may determine a device’s location on a patient and
based at least in part on this information, generate a second
error message. The second error message may be that the
external monitoring device is in a location that is correct
and/or inside a tolerance range but that a problem has
occurred with the electrode and/or electrode patch (and/or a
lead in an implantable medical device). In another example,
the one or more processors may determine a device’s location
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on a patient and based at least in part on this information,
generate a third error message. The third error message may
be that the external monitoring device is in a location that is
correct and/or inside a tolerance range. In addition, the elec-
trode and/or electrode patch (and/or a lead in an implantable
medical device) is working properly but the ECG signal is
weak and/or absent. In another example, the one or more
processors may determine a device’s location on a patient and
based at least in part on this information, generate a fourth
error message. The fourth error message may be that the
external monitoring device is in a location that is correct
and/or inside a tolerance range. In addition, the electrode
and/or electrode patch (and/or a lead in an implantable medi-
cal device) and the ECG signal are working properly. How-
ever, there is a problem (e.g., lack of communication, power
off, error with one or more components, etc.) with one or
more of the other devices (e.g., implantable medical device,
base station, mobile device, server, computer, etc.).

[0022] In FIG. 1A, a diagram illustrating a body 100 of a
patient with a monitoring device 102 is shown, according to
one embodiment. Monitoring device 102 may be placed on
various parts of body 100. In various examples, monitoring
device 102 may be placed on any external part of body 100. In
one example, monitoring device 102 may be positioned at the
upper left thorax of the patient. In one example, the upper left
thorax of the patient may be an optimal position for the place
of monitoring device 102. In another example, monitoring
device 102 may be located on the back of body 100 at a
location that mirrors the upper left thorax of the patient. In
another example, monitoring device 102 may be located at a
position below the upper left thorax 103. In this example,
position below the upper left thorax 103 is a pre-cordial
location. This pre-cordial location may be utilized with sec-
ond condition 812 of FIG. 8. In one example utilizing this
pre-cordial location, the device may obtain acceptable ECG
signals but not accelerometer (“XL.”) based heart sound sig-
nals. In this example, the device location is on the patient,
however, the device may not be on or close to the upper left
thorax.

[0023] Invarious examples, alternative heart beat detection
sensors may be utilized in place of the XL sensor. In one
example, an optical sensor (e.g., infrared LED/Photo diode,
etc.) may be utilized to validate heart beat detection. For heart
rate estimation, one or more acoustic sensors may be utilized
as acomplement to the XL sensor with the appropriate signal
preconditioning and/or as standalone functionality. In
another example, heart rate estimation can be implemented
via one or more microphones where the one or more micro-
phones are designed to pick up one or more heart sounds. In
this example, the art of phonocardiography may use one or
more sensitive microphones to pick up one or more heart
sounds. In this example, the postural information may not be
available from an acoustic sensor. However, beat-to-beat rate
information may be derived from the one or more acoustic
sensors. In this example, activity may have less influence on
microphone-based measurements and therefore the rate may
be captured even with some patient movement. In this
example, the patient’s speech may need to be appropriately
separated from the acoustic signal data, which makes rate
estimation viable with some normal daily activity. In this
example, the patient’s vocal data would need to be deter-
mined and speech data would need to be removed from the
acoustic signal data (e.g., signal preconditioning). In another
example, the sensors may be packaged in multiple separate
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packages (e.g., the ECG device may be worn on the chest as
apatch and the XT. package may be worn on a strap about the
chest) that are in communication with each other or with a
separate base station that then compiles and/or processes the
two different signals.

[0024] In another example, this disclosure may be utilized
to determine whether the heart rate determined by the
implantable device is reliable. Further, a determination of
whether the device orientation/location on the chest has
changed which may cause a loss of communication between
one or more devices (e.g., IMD, IPG, etc.) and one or more
communication interfaces. In one example, this may be used
to provide feedback to the antenna tuning circuit to adjust the
signal strength by adjusting the antenna orientation on one or
more device (e.g., mobile device, tablet, etc.).

[0025] In another example, monitoring device 102 may be
positioned at the upper left thorax of the patient where moni-
toring device 102 may function properly as long as monitor-
ing device 102 is within a tolerance area 104 (see FIG. 1B).
Tolerance area 104 may be an area (e.g., 1%, 2%, 3%, 5%,
7.5%, 10%, 50%, 100%, 200%, etc.) larger than the area
occupied by monitoring device 102. Tolerance area 104 may
be an area surrounding an anchoring position 120. Anchoring
position 120 may be the center position for an optimal place-
ment of monitoring device 102 (see FIG. 1B). In another
example shown in FIG. 1C, monitoring device 102 may oper-
ate inefficiently, inaccurately, and/or may not operate at all
when monitoring device 102 is positioned outside of toler-
ance area 104, which is indicated by a first misaligned posi-
tion 106, a second misaligned position 108, and/or an Nth
misaligned position 122.

[0026] In one example, tolerance area 104 may be an area
15% bigger than monitoring device 102. Tolerance area 104
may be based on anchoring position 120. Therefore, if moni-
toring device 102 is positioned where any part of monitoring
device 102 is outside of tolerance area 104, monitoring device
102 may fail to operate. However, in another example, if
monitoring device 102 is positioned where any part of moni-
toring device 102 is outside of tolerance area 104, then the
effectiveness of monitoring device 102 may be reduce. For
example, 1% of the area of monitoring device 102 being
outside of tolerance area 104 may reduce the efficiency of
monitoring device 102 by 5%. In another example, 5% of the
area of monitoring device 102 being outside of tolerance area
104 may reduce the efficiency of monitoring device 102 by
15%. Whereas, 10% of the area of monitoring device 102
being outside of tolerance area 104 may reduce the efficiency
of monitoring device 102 by 50%. It should be noted that any
percentage may occur and/or be utilized in these examples.
[0027] In another example, one or more processors may
determine the location and area occupied by monitoring
device 102. In this example, the one or more processors may
compare the location and area occupied by monitoring device
102 to one or more reference data points to determine whether
monitoring device 102 is in the proper location and area. If
monitoring device 102 is in the proper location and occupies
the correct area, a message may be generated and/or trans-
mitted which indicates that monitoring device 102 is in the
proper location and area. Once monitoring device 102 is
known to be in the correct position and/or area, then various
procedures may be utilized (FIGS. 3, 8, 10, etc.). [f monitor-
ing device 102 is not in the proper location and/or occupying
the correct area, one or more messages may be generated
and/or transmitted. For example, a message to move moni-
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toring device 102 a specific distance (e.g., 1 inch, 2 inches,
etc.) in a specific direction (e.g., up, down, left, right, up
diagonal and to the left, down diagonal and to the right, etc.)
may be generated and/or transmitted. Further, this procedure
may continue in a feedback loop until monitoring device 102
is in the correct location.

[0028] In another example, monitoring device 102 may be
positioned at a first location 110 (e.g., outside of tolerance
area 104) where a default verification procedure may not
work effectively. In one example, a first algorithm 112 may be
utilized to modify the default verification procedure to com-
pensate for monitoring device 102 being located at first loca-
tion 110. These modifications may virtual move monitoring
device 102 from first location 110 to a location within toler-
ance area 104 (see FIG. 1D). For example, when monitoring
device 102 is positioned at first location 110, first algorithm
112 may modify the heart sound data to compensate for
monitoring device 102 being located at first location 110. In
addition, firstalgorithm 112 may modify the heart rate data to
compensate for monitoring device 102 being located in first
location 110. Further, first algorithm 112 may modify the
default algorithm to compensate for monitoring device 102
being located at first location 110. First algorithm 112 may
modify any data, algorithm, program, device, and/or any
other element of the monitoring system to compensate for
monitoring device 102 being located at first location 110.

[0029] In FIG. 1E, monitoring device 102 is in a second
location 114 (e.g., outside of tolerance area 104) where a
default verification procedure may not work effectively. In
one example, a second algorithm 116 may be utilized to
modify the default verification procedure to compensate for
monitoring device 102 being located at second location 114.
These modifications may virtual move monitoring device 102
from second location 114 to a location within tolerance area
104. For example, if monitoring device is positioned where
any part of monitoring device 102 is outside of tolerance area
104, then the effectiveness of monitoring device 102 may be
reduce (see FIG. 1C). For example, 1% of the area of moni-
toring device 102 being outside of tolerance area 104 may
reduce the efficiency of monitoring device 102 by 5%. How-
ever, second algorithm 116 may modify any data, algorithm,
program, device, and/or any other element of the monitoring
system to compensate for monitoring device 102 being
located 1% outside of tolerance area 104 to eliminate and/or
reduce the 5% reduction in efficiency. In this example, the
reduced efficiency may be eliminated (e.g., 0%) and/or
reduced (e.g., 1%, 2%, 3%, 4%, 4.1%, etc.). In another
example, shown in FIG. 1F, monitoring device 102 may
include a chest accelerometer 118.

[0030] InFIG. 2, a flow chart for validating the location of
an external medical device 200 is shown, according to one
embodiment. In one example, external medical device 200 is
monitoring device 102. The method may include placing one
or more sensors on a patient (step 210). The method may
include one or more processors determining whether the one
or more sensors have been placed in one or more default
positions (step 220). If the one or more sensors have been
placed in the one or more default positions, then the method
may include implementing the default check module (step
250). If the one or more sensors have not been placed on the
oneor more default positions, then the method may determine
one or more positions for the one or more sensors (step 230).
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The method may include implementing an adjusted check
module based on at least one position for one of the one or
more sensors (step 240).

[0031] If monitoring device 102 is in the proper location
and occupies the correct area, a message may be generated
and/or transmitted which indicates that monitoring device
102 isinthe properlocation and area. Once monitoring device
102 is known to be in the correct position and/or area, then
various procedures may be utilized (FIGS. 3, 8, 10, etc.). If
monitoring device 102 is not in the proper location and/or
occupying the cotrect area, one or more messages may be
generated and/or transmitted. For example, a message to
move monitoring device 102 a specific distance (e.g., 1 inch,
21inches, etc.) ina specific direction (e.g., up, down, left, right,
up diagonal and left, down diagonal and right, etc.) may be
generated and/or transmitted. Further, this procedure may
continue in a feedback loop until monitoring device 102 is in
the correct location.

[0032] In one example, a modification algorithm (e.g. first
algorithm 112, second algorithm 116, Nth algorithm, etc.)
may be utilized to modify the default verification procedure to
compensate for monitoring device 102 being located at a
non-default location (e.g., outside of tolerance area 104).
These modifications may virtual move monitoring device 102
from a non-default location to alocation within tolerance area
104. Modification algorithm may modify any data, algorithm,
program, device, and/or any other element of the monitoring
system to compensate for monitoring device 102 being
located at a non-default location.

[0033] “Cardiac cycle” refers to one complete PQRSTU
interval of the patient’s heart functioning, ending with the P
wave of the next succeeding cardiac cycle. “Interbeat inter-
val” refers to the time period between a predetermined point
in a first cardiac cycle of the patient and the same predeter-
mined point in the immediately succeeding cardiac cycle of
the patient, for example an R-R interval, a P-P interval, or a
T-T interval. Interbeat intervals may comprise a single inter-
val ora moving average (either simple or weighted) of several
consecutive intervals. “Cardiac period” is a length of time
between a first point in the cardiac cycle of the patient and a
second, later point. Exemplary points include a P-wave, a
Q-wave, an R-wave, an S-wave, a T-wave, and a U-wave of
the cardiac cycle, which can be readily identified by electro-
cardiography (“EKG”) or other techniques of monitoring the
electrical activity of the heart.

[0034] InFIG. 3, another flow chart for validating the loca-
tion of an external medical device 300 is shown, according to
one embodiment. In one example, external medical device
300 is monitoring device 102. The method may include
obtaining one or more electrocardiography (“ECG™) signals
(step 310). The method may include determining and/or
detecting one or more heart beat characteristics (step 320).
The method may include that one or more processors deter-
mines whether one or more heart beat characteristics (e.g.,
R-R interval, P-P interval, T-T interval, P wave, PR segment
interval, PQ segment interval, QRS interval, ST segment
interval, etc.) are valid (e.g., RR(ECG)) (step 330). If the one
or more heart beat characteristics are valid, then the method
may include obtaining one or more XL signals (step 360). The
method may include determining one or more heart sound
characteristics (and/or heart sound signals) via an accelerom-
eter (and/or any other heart sound detecting device) (step
362). The method may include that one or more processors
determine whether the one or more heart sound characteris-
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tics are valid (e.g., HR(XL)) (step 364). If the one or more
heart sound characteristics are valid (e.g., HR(XL)), then the
method may determine that the device’s location is correct
(step 366). If the one or more heart sound characteristics are
invalid (e.g., HR(XL)). then the method may determine that
the device may not be correctly placed (step 368). If the one
or more heart beat characteristics determined at step 330 are
invalid, then the method may determine one or more heart
sound characteristics (and/or heart sound signals) via an
accelerometer (and/or any other heart sound detecting device)
(step 340). The method may include via one or more proces-
sors determining one or more heart sounds (and/or heart
characteristics) utilizing one or more XL signals (step 342).
The method may include that one or more processors detet-
mine whether the one or more heart sound characteristics are
valid (e.g., HR(XL)) (step 350). If the one or more heart
sound characteristics are invalid, then the method may deter-
mine that the device’s location is incorrect (e.g., device is not
on patient) (step 370). In another example, the device’s loca-
tion may need to be on the upper left thorax of the patient. If
the device is not located on the upper left thorax of the patient,
then the device may be in an incorrect location. If the one or
more heart sound characteristics are valid, then the method
may determine that the device’s location is correct but that the
ECG signal quality is compromised (step 380). The valida-
tion of the heart beat characteristics and the heart sound
characteristics may occur in series and/or in parallel.

[0035] Forexample, one or more processors may determine
a device’s (e.g.,, heart beat detection device, heart sound
detection device, etc.) location on a patient and based at least
in part on this information, generate a first error message. The
first error message may be that the external monitoring device
is in a location that is incorrect and/or outside of a tolerance
range. In another example, one or more processors may deter-
mine a device’s location on a patient and based at least in part
on this information, generate a second error message. The
second error message may be that the external monitoring
device is in a location that is correct and/or inside a tolerance
range but that a problem has occurred with the electrode
and/or electrode patch (and/or a lead in an implantable medi-
cal device). In another example, one or more processors may
determine a device’s location on a patient and based at least in
part on this information, generate a third error message. The
third error message may be that the external monitoring
device is in a location that is correct and/or inside a tolerance
range. In addition, the electrode and/or electrode patch (and/
or a lead in an implantable medical device) is working prop-
erly but the ECG signal is weak and/or absent. In another
example, one or more processors may determine a device’s
location on a patient and based at least in part on this infor-
mation, generate a fourth error message. The fourth error
message may be that the external monitoring device is in a
location that is correct and/or inside a tolerance range. In
addition, the electrode and/or electrode patch (and/ora lead in
an implantable medical device) and the ECG signal are work-
ing properly. However, there is a problem (e.g., lack of com-
munication, power off, error with one or more components,
etc.) with the one or more devices (e.g., implantable medical
device, base station, mobile device, server, computer, etc.).

[0036] InFIGS.4A-4D,illustrations ofa plurality of planes
relating to an individual are shown, according to various
embodiments. In FIG. 4A, a first image 402 illustrates an
X-Axis 410 and a Y-Axis 412 superimposed onto a person
400. In this example, data from the frontal XY plane may be
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obtained via one or more sensing devices. In FIG. 4B, a
second image 404 illustrates X-Axis 410 and a Z-Axis 414
superimposed onto person 400. In this example, data from the
sagittal X7 plane may be obtained via one or more sensing
devices. In F1G. 4C, a third image 406 illustrates Y-Axis 412
and Z-Axis 414 superimposed onto person 400. In this
example, data from the transverse YZ plane may be obtained
via one or more sensing devices. In FIG. 4D, a fourth image
408 illustrates the combination of a transverse plane 416, a
frontal plane 418, and a sagittal plane 420 superimposed on
person 400. In one example, one or more frontal Z data
readings 422 may be utilized to estimate one or more heart
sounds. In one example, one or more data signals from an
accelerometer may be utilized as one or more frontal 7 data
readings 422.

[0037] In various examples, a patient position (e.g., stand-
ing up, laying down facing up, laying down facing down,
sitting down, etc.) may be determined by utilizing one or
more data points from the above-referenced planes. For
example, utilizing an A, data point filtered to extract the DC
value may allow for a person’s physical position to be deter-
mined (see FIG. 6). In one example, if the A_ data point has a
DC value of 0, then the patient is standing up. In another
example, if the A_ data point has a DC value of -1, then the
patient is laying down facing up. Further, if the A_ data point
has a DC value of 1, then the patient is laying down facing
down. This information may be utilized to determine whether
the patient is in the right position to allow for the determina-
tion of one or more baseline values (e.g., quiet threshold,
heart sound baseline data, heart rate baseline data, blood
pressure, etc.). If the patient is not in the right position, then
the device and/or system may request that the patient move to
the right position. For example, an audio and/or visual com-
mand may request that the patient move to the correct posi-
tion. In an example, a message may state, “Please move to a
standing up position and remain still.” In another example, a
visual message may read, “Please lay down on the floor
looking upward.” In another example, the system and/or
device may modify one or more algorithms, data, and/or
devices to compensate for the patient being in a different
position then a default position (e.g., the position that the
algorithms, data, and/or devices utilize as a base position).

[0038] In one embodiment, the sagittal plane includes
accelerometer sensitive axes (e.g., one or more frontal Z data
readings 422, etc.). These axes may include one along the
vertical direction and one along the anteroposterior direction.
In one example, a patient’s breathing may cause the periodic
movement of the thorax, which changes the incline of the
accelerometer, which may be utilized to determine data relat-
ing to heart rate and/or heart sound.

[0039] In FIG. 5, an illustration for determining a quiet
period 500 is shown, according to one embodiment. In this
example, one or more baseline heart sound readings are being
obtained. In one example, an activity measurement graph 502
may include a Sound-Axis 504 (Y-Axis) and a Time-Axis 506
(X-Axis). Activity measurement graph 502 may also include
a heart sound line 508 and a quiet threshold 510. Heart sound
line 508 may include a plurality of data points relating to a
patient’s heart sound level over a time period. Quiet threshold
510 may be a data point and/or data range where the patient’s
heart sound level may be utilized to generate a baseline heart
sound level 524. In one example, the patient’s heart sound
level enters (and/or is below) quiet threshold 510. In one
example, the generation of baseline heart sound level 524
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may start as soon as the patient’s heart sound level enters into
quiet threshold 510. In another example, a buffer time period
522 may be utilized to ensure that the patient’s heart sound
level has remained in and/or under quiet threshold 510 for a
specific time period before baseline heart sound level 524
starts to be generated. In one example, once the patient’s heart
sound level has remained in and/or under quiet threshold 510
for buffer time period 522, then baseline heart sound level 524
may be generated. In an example, baseline heart sound level
524 may need to be produced for a first time period 514 to be
valid. First time period 514 may include a start time 516 and
an end time 518. In another example, baseline heart sound
level 524 may need to be produced for a second time period to
be valid. In various examples, the time period for validation of
baseline heart sound level 524 may vary based on the char-
acteristics (e.g., height, weight, age, health, ailments, etc.) of
the patient and/or the physical position (e.g., standing up,
laying down facing up, laying down facing down, sitting
down, patient moving slightly, patient having average move-
ment, patient having above-average movement, etc.) of the
patient. In another example, heart sound line 508 may exit
and/or rise above quiet threshold 510 at one or more exit
points 520. In one example, quiet period may be where a
patient has minimal movement and is in a specific position.

[0040] In various examples, quiet threshold 510 may be
modified based on the patient’s physical position. For
example, utilizing an A_ data point filtered to extract the DC
value a person’s physical position may be determined. In one
example, if the A_ data point has a DC value of 0.5, then the
patient is sitting down. In this example, quiet threshold 510
may be increased from the default value of 0.05 to 0.1 to
compensate for the difference in the patient’s physical posi-
tion (e.g., sitting down) versus the default patient’s physical
position (e.g., standing up). In another example, ifthe A, data
point has a DC value of -1, then the patient is laying down
facing up. In this example, quiet threshold 510 may be
decreased from the default value 0f 0.05 to 0.025 to compen-
sate for the difference in the patient’s physical position (e.g.,
laying down facing up) versus the default patient’s physical
position (e.g., standing up). In another example, the system
and/or device may modify one or more algorithms, data,
and/or devices to compensate for the patient being in a dif-
ferent position then a default position (e.g., the position that
the algorithms, data, and/or devices utilize as a base position).

[0041] InFIG. 6, a block diagram of the system and/or the
device for validating one or more locations for an external
monitoring device 600 is shown, according to one embodi-
ment. In one example, a validation system and/or a validation
device may receive one or more data points from one or more
of the three anatomical planes (e.g., A, A, and A ). In one
example, a computing device 601 may include a first high-
pass filter 602, a second high-pass filter 604, and a third
high-pass filter 606. In addition, computing device 601 may
include one or more processors. Computing device 601 may
include a first absolute-value filter 608, a second absolute-
value filter 610, and a third absolute-value filter 612. Com-
puting device 601 may include a first low-pass filter 614, a
second low-pass filter 616, and a third low-pass filter 618.
Computing device 601 may include a 3-D magnitude proces-
sor 620.

[0042] In one example, A, data may be filtered via first
high-pass filter 602, first absolute-value filter 608, and/or first
low-pass filter 614, which is then received at 3-D magnitude
processor 620. In addition, A, data may be filtered via second
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high-pass filter 604, second absolute-value filter 610, and/or
second low-pass filter 616, which is then received at 3-D
magnitude processor 620. Further, A, data may be filtered via
third high-pass filter 606, third absolute-value filter 612, and/
or third low-pass filter 618, which is then received at 3-D
magnitude processor 620.

[0043] In one example, 3-D magnitude processor 620 may
utilize the filtered A, data, the filtered A, data, and/or the
filtered A_ data to perform a quiet period detection algorithm
via a quiet period detection module 622. In this example, a
threshold value is inputted to and/or computed by quiet period
detection module 622. When the value determined via 3-D
magnitude processor 620 based on the filtered A, data, the
filtered A, data, and/or the filtered A_ data is below the thresh-
old value and/or within the threshold range, then validation
system and/or validation device may start looking at one or
more outputs (e.g., heart rate data, heart sound data, etc.).
[0044] In another example, the validation system and/or
validation device may include a baseline filter 624, a heart-
beat filter 626, a DC filter 628, and/or a patient position
module 630. In one example, the A_ data may be filtered to
remove baseline data to extract heart sound data via baseline
filter 624, which may produce one or more heart sound sig-
nals 634. These one or more heart sound signals 634 may be
filtered data. In another example, the filtered heart sound data
is inputted to heartbeat filter 626 to produce one or more heart
rate data 632. Further, the A, datamay be filtered to extract the
DC value via DC filter 628 to produce one or more DC values.
The one or more DC values may then be inputted into patient
positionmodule 630 to determine one or more positions of the
patient.

[0045] In various examples, a patient position (e.g., stand-
ing up, laying down facing up, laying down facing down,
sitting, etc.) may be determined by utilizing one or more data
points from the above-referenced planes. For example, utiliz-
ing an A_ data point filtered to extract the DC value a person’s
physical position may be determined. In one example, if the
A_ data point has a DC value of 0, then the patient is standing
up. In another example, if the A_ data point has a DC value of
-1, then the patient is laying down facing up. Further, if the A,
data point has a DC value of 1, then the patient is laying down
facing down. This information may be utilized to determine
whether the patient is in the right position. If the patient is not
in the right position, then the device and/or system may
request that the patient move to the right position. For
example, an audio and/or visual command may request that
the patient move to the correct position. In an example, a
message may state, “Please move to a standing up position.”
In another example, a visual message may read, “Please lay
down on the floor looking upward.” In another example, the
system and/or device may modify one or more algorithms,
data, and/or devices to compensate for the patient being in a
different position then a default position (e.g., the position
that the algorithms, data, and/or devices utilize as a base
position). In one example, the A_ value is data obtained nor-
mal to the chest.

[0046] In FIG. 7, illustrations of data obtained from an
ECG signal and a heart sound signal 700 are shown. accord-
ing to one embodiment. In one example, an ECG graph 702
includes a Y-Axis 706 for ECG data and an X-Axis 710
utilized to plot time. In this example, a heart sound graph 704
includes a Y-Axis 708 for heart sound data and an X-Axis 712
utilized to plot time. In various examples, a first ECG peak
7T14A correlates with a first heart sound peak 714B. In addi-
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tion, a second ECG peak 716A correlates with a second heart
sound peak 716B. Further, a third ECG peak 718 A and an Nth
ECG peak 720A correlate with a third heart sound peak 718B
and an Nth heart sound peak 720B, respectively.

[0047] In one example, the heart rate may be estimated
based on the detection of vibration peaks. These vibration
peaks may be referenced to a baseline vibration data obtain
during one or more quiet period procedures. For example, one
or more detected maxima of the signal envelope (e.g., V
peaks=first heart sound peak 714B, second heart sound peak
716B, third heart sound peak 718B, and/or an Nth heart sound
peak 720B) based on data obtained by the accelerometer may
be determined to interrelate to the R peaks (e.g., first ECG
peak 714A, second ECG peak 716A, third ECG peak 718A,
and/or an Nth ECG peak 720A) of the ECG signal. Therefore,
heart rate data may be estimated based on these interrelation-
ships and/or correlations.

[0048] In FIG. 8A, a table illustrating various external
monitoring device conditions based on data from an ECG
signal and a heart sound signal 800A is shown, according to
one embodiment. In one example, a first table 800A may
include a first heart rate status area 802, a second heart rate
status area 804, a monitoring device status area 806, and/or a
legend area 808. Legend area 808 may include a not detect
status symbol (e.g., X) and a detect status symbol (e.g., O).
[0049] Inafirst condition 810, the first heart rate status is in
anon-detected state and the second heart sound status is in a
non-detected state, which indicates that the monitoring
device status is that the monitoring device is not placed on the
patient. (See FIG. 3 reference number 370). In a second
condition 812, the first heart rate status is in a detected state
and the second heart rate status is in a non-detected state,
which indicates that the monitoring device is on the patient,
but the monitoring device may not be in the correct location
(e.g., exactly over the heart, within the tolerance range, etc.).
(See FIG. 3 reference number 368). In a third condition 814,
the first heart rate status is in a non-detected state and the
second heart rate status is in a detected state, which indicates
that the monitoring device is in the correct location and/or
within the tolerance range, but the ECG signal and/or the
monitoring device integrity may be compromised. (See FIG.
3 reference number 380). In a fourth condition 816, the first
heart rate status is in a detected state and the second heart rate
status is in a detected state, which indicates that the monitor-
ing device is in the correct location and/or within the tolet-
ance range, along with the ECG signal and/or the monitoring
device being in proper working order. (See FI1G. 3 reference
number 366).

[0050] In FIG. 8B, another table illustrating various exter-
nal monitoring device conditions and/or implantable medical
device conditions based on data from an ECG signal and a
heart sound signal 800B is shown, according to one embodi-
ment. In one example, a second table 800B may include first
heart rate status area 802, second heart rate status area 8§04,
monitoring device status area 806, and/or legend area 808.
Legend area 808 may include a not detect status symbol (e.g.,
X) and a detect status symbol (e.g., Q).

[0051] In first condition 810, the first heart rate status is in
a non-detected state and the second heart sound status is in a
non-detected state, which indicates that the monitoring
device status is that the monitoring device is not placed on the
patient. (See FIG. 3 reference number 370). Further, first
condition 810 may indicate that the implantable medical
device is not sensing and the device location/orientation has
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changed. In one example, this may be due to one or more of
lead breakage, header misalignment, and/or a patient pulling
or twiddling with the device resulting in the device location
changing and/or straining of the cuff electrodes. In second
condition 812, the first heart rate status is in a detected state
and the second heart rate status is in a non-detected state,
which indicates that the monitoring device is on the patient,
but the monitoring device may not be in the correct location
(e.g., exactly over the heart, within the tolerance range, etc.).
(See FIG. 3 reference number 368). Further, second condition
812 may indicate that the implantable medical device is sens-
ing, however, the device location and/or orientation has
changed which may have implications on the antenna tuning
for the relay. In third condition 814, the first heart rate status
is in a non-detected state and the second heart rate status is in
a detected state, which indicates that the monitoring device is
in the correct location and/or within the tolerance range, but
the ECG signal and/or the monitoring device integrity may be
compromised. (See FIG. 3 reference number 380). Further,
third condition 814 may indicate that the implantable medical
device has not shifted (e.g., implantable medical device may
shift due to the patient twiddling with the device) but the
device is not sensing reliably which indicates that there is too
much muscle noise (e.g., due to neck and arm movements)
and/or the leads are compromised. In fourth condition 816,
the first heart rate status is in a detected state and the second
heart rate status is in a detected state, which indicates that the
monitoring device is in the correct location and/or within the
tolerance range, along with the ECG signal and/or the moni-
toring device being in proper working order. (See FIG. 3
reference number 366). Further, fourth condition 816 may
indicate that the implantable medical device is sensing reli-
ably.

[0052] In one example, the external monitoring device
located on a patient may include one or more processors, one
or more memory devices, one or more power devices, one or
more heart rate detection devices, and one or more heart
sound detection devices. In one example, at least one of the
one or more heart sound detection devices may be an accel-
erometer. In another example, the external monitoring device
may include a validation module. The validation module may
determine a plurality of external monitoring device condi-
tions based on heart rate data and heart sound data. In another
example, the one or more processors may determine via the
validation module a first external monitoring device condi-
tion. The first external monitoring device condition may be
that the external monitoring device has not been placed on the
patient. In another example, the one or more processors may
determine via the validation module a second external moni-
toring condition. The second external monitoring condition
may be that the external monitoring device is misaligned on
the patient. In one example, the one or more processors may
determine via the validation module a third external monitor-
ing condition. The third external monitoring condition may
be that an error has occurred on a patch and/or with the
electrocardiography signal. In another example, the one or
more processors may determine via the validation module a
fourth external monitoring condition. The fourth external
monitoring condition may be that the external monitoring
device is located in a tolerance range and working properly.

[0053] In another example, the method for determining a
status of an external monitoring device located on a patient
may include: obtaining via one or more processors heart rate
data; obtaining via the one or more processors heart sound
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data; and/or determining via the one or more processors an
external monitoring device state via a validation module
based on the heart rate data and the heart sound data. In
another example, the method may include determining a loca-
tion of the external monitoring device and/or modifying the
validation module based on a determined external monitoring
device location. In another example, the method may include
determining the external monitoring device state via an
adjusted validation module based on the heart rate data and
the heart sound data. In addition, the method may include
determining a first external monitoring device condition. The
first external monitoring device condition may be that the
external monitoring device has not been placed on the patient.
Further, the method may include determining a second extet-
nal monitoring condition. The second external monitoring
condition may be that the external monitoring device is mis-
aligned on the patient. In addition, the method may include
determining a third external monitoring condition. The third
external monitoring condition may be that an error has
occurred on a patch and/or with the electrocardiography sig-
nal. Further, the method may include determining a fourth
external monitoring condition. The fourth external monitor-
ing condition may be that the external monitoring device is
located in a tolerance range.

[0054] Alternatively, table 800 may include a heart rate
status area 802, a heart sound status area 804, monitoring
device status area 806, and/or legend area 808. Legend area
808 may include a not detected status symbol (e.g., X) and a
detected status symbol (e.g., 0).

[0055] In a first condition 810, the heart rate status is in a
non-detected state and the heart sound status is in a non-
detected state, which indicates that the monitoring device
status is that the monitoring device is not placed on the
patient. In a second condition 812, the heart rate status is in a
detected state and the heart sound status is in a non-detected
state, which indicates that the monitoring device is on the
patient, but the monitoring device may not be in the correct
location (e.g., exactly over the heart, within the tolerance
range, etc.). In a third condition 814, the heart rate status is in
anon-detected state and the heart sound status is in a detected
state, which indicates that the monitoring device is in the
correct location and/or within the tolerance range, but the
ECG signal and/or the monitoring device integrity may be
compromised. In a fourth condition 816, the heart rate status
is in a detected state and the heart sound status is in a detected
state, which indicates that the monitoring device is in the
correct location and/or within the tolerance range, along with
the ECG signal and/or the monitoring device being in proper
working order.

[0056] In one example, the external monitoring device
located on a patient may include one or more processors, one
or more memory devices, one or more power devices, one or
more heart rate detection devices, and one or more heart
sound detection devices. In one example, at least one of the
one or more heart sound detection devices may be an accel-
erometer. In another example, the external monitoring device
may include a validation module. The validation module may
determine a plurality of external monitoring device condi-
tions based on heart rate data and heart sound data. In another
example, the one or more processors may determine via the
validation module a first external monitoring device condi-
tion. The first external monitoring device condition may be
that the external monitoring device has not been placed on the
patient. In another example, the one or more processors may
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determine via the validation module a second external moni-
toring condition. The second external monitoring condition
may be that the external monitoring device is misaligned on
the patient. In one example, the one or more processors may
determine via the validation module a third external monitor-
ing condition. The third external monitoring condition may
be that an error has occurred on a patch and/or with the
electrocardiography signal. In another example, the one or
more processors may determine via the validation module a
fourth external monitoring condition. The fourth external
monitoring condition may be that the external monitoring
device is located in a tolerance range.

[0057] In another example, the method for determining a
status of an external monitoring device located on a patient
may include: obtaining via one or more processors heart rate
data; obtaining via the one or more processors heart sound
data; and/or determining via the one or more processors an
external monitoring device state via a validation module
based on the heart rate data and the heart sound data. In
another example, the method may include determining a loca-
tion of the external monitoring device and/or modifying the
validation module based on a determined external monitoring
device location. In another example the method may include
determining the external monitoring device state via an
adjusted validation module based on the heart rate data and
the heart sound data. In addition, the method may include
determining a first external monitoring device condition. The
first external monitoring device condition may be that the
external monitoring device has not been placed on the patient.
Further, the method may include determining a second extet-
nal monitoring condition. The second external monitoring
condition may be that the external monitoring device is mis-
aligned on the patient. In addition, the method may include
determining a third external monitoring condition. The third
external monitoring condition may be that an error has
occurred on a patch and/or with the electrocardiography sig-
nal. Further, the method may include determining a fourth
external monitoring condition. The fourth external monitor-
ing condition may be that the external monitoring device is
located in a tolerance range.

[0058] InFIG. 9A, a first external monitoring device illus-
tration 900 is shown, according to one embodiment. An exter-
nal monitoring device 902 may include a sensing device 904
attached via one or more attachment devices 906 to external
monitoring device 902. External monitoring device 902 and/
or sensing device 904 may be powered by one or more power
sources 908.

[0059] FIG. 9B illustrates that sensing device 904 may
include an accelerometer 910, one or more heart rate detec-
tion devices 912, one or more additional heart sound detec-
tion devices 914, one or more seizure detection devices 916,
one or more additional sensors 918, one or more communi-
cation devices 920, one or more processors 922, a validation
module 924, and/or a check module 926. Any element of
sensing device 904 and/or monitoring device 102 may com-
municate with any external device (e.g., a server, a base
station, a mobile device, a computer, etc.). These communi-
cates may relate to any patient and/or device activity. One or
more devices may transmit and receive information relating
to seizure history, the onset of a seizure, any characteristics of
an active and/or historical seizure, heart rate data, heart sound
data, therapy history, current therapy, medication history, cur-
rent medication, family health history, any characteristics of
one or more therapies, blood pressure, any other patient char-
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acteristic, and/or any device characteristic (e.g., service his-
tory, battery life, installed date, efficiency, power consump-
tion, duty cycle, etc.). Validation module 924 may generate,
initiate, compile, store, and/or transmit any data and/or pro-
cedure related to any validation process disclosed in this
disclosure.

[0060] InFIG.10,aflow chart for validating the location of
one or more external devices 1000 is shown, according to one
embodiment. The method may include determining which
type of heart rate detection device is being utilized (step
1010). The method may include one or more processors deter-
mining whether check module 926 needs to be modified
based on the type of heart rate detection device (step 1020). If
check module 926 does not need to be modified, then the
method may move to step 1040. If check module 926 does
need to be modified, then the method may include adjusting
check module 926 based on the type of heart rate detection
device being utilized (step 1030). The method may include
determining which type of heart sound detection device is
being utilized (step 1040). The method may include one or
more processors determining whether check module 926
needs to be modified based on the type of heart sound detec-
tion device (step 1050). If check module 926 does not need to
be modified, then the method may utilize check module 926
(step 1070). If check module 926 does need to be modified,
then the method may include adjusting check module 926
based on the type of heart sound detection device being uti-
lized (step 1060) and utilizing check module 926 (step 1070).
[0061] For example, a first type of heart rate detection
device and a first type of heart sound detection device may be
the base heart rate detection device and the base heart sound
detection device, respectively. In one example, a second type
of heart rate detection device may require a first modification
to check module 926 (e.g., default check module). In another
example, a third type of heart rate detection device may
require a second modification to the default check module. In
another example, an Nth type of heart rate detection device
may require an Nth modification to the default check module.
[0062] In another example, a second type of heart sound
detection device may require a third modification to the
default check module. Further, a third type of heart sound
detection device may require a fourth modification to the
default check module. Whereas, an Nth type of heart sound
detection device may require an Nth modification to the
default check module. Check module 926 and validation
module 924 may be combined into one module.

[0063] In FIG. 11, an illustration of a monitoring system
1100 is shown, according to one embodiment. Monitoring
system 1100 may include monitoring device 102 being
located at a first position 1104 on the front of a patient 1102,
monitoring device 102 being located at a second position
1104A on the back of a patient 1102A, and/or monitoring
device 102 being located at any location on any part of a
patient. Monitoring device 102 may include sensing device
904 and one or more power sources 908 (see FIGS. 9A and
9B). Monitoring device 102 may communicate via a first
communication link 1106 with a base station 1108. Base
station 1108 may communicate via a second communication
link 1110 with one or more computing devices 1112. One or
more computing devices 1112 may be a server, a computer, a
mobile device, a TV, and/or any other computing device
capable of communicating with base station 1108 and/or
monitoring device 102. Monitoring device 102 may commu-
nicate directly and/or indirectly (e.g., from first communica-
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tion link 1106 to second communication link 1110 to Nth
communication link) with any computing device, including
one or more computing devices 1112.

[0064] Inoneexample, the system may include an external
monitoring device located on a patient. The external moni-
toring device may include one or more processors, one or
more memory devices, one or more power devices, one or
more heart rate detection devices, and/or one or more heart
sound detection devices. The system may further include a
base station, which may include a base station processor, a
base station memory, and a base station power supply. In
addition, the system may include an external device, which
may include an external device processor, an external device
memory, and an external device power supply. In one
example, the system may include an accelerometer as one of
the heart sound detection devices. Further, the external moni-
toring device may include a validation module. The valida-
tion module may determine a plurality of external monitoring
device conditions based on heart rate data and heart sound
data. In another example, the one or more processors of the
external monitoring device may determine via the validation
module a first external monitoring device condition. The first
external monitoring device condition may be that the external
monitoring device has not been placed on the patient. In
another example, the one or more processors of the external
monitoring device may determine via the validation module a
second external monitoring condition. The second external
monitoring condition may confirm that the external monitor-
ing device is misaligned on the patient. In one example, the
one or more processors of the external monitoring device may
determine via the validation module a third external monitor-
ing condition. The third external monitoring condition may
be that an error has occurred on at least one of a patch and an
electrocardiography signal. In one example, the one or more
processors of the external monitoring device may determine
via the validation module a fourth external monitoring con-
dition. The fourth external monitoring condition may be that
the external monitoring device is located in a tolerance range
and working properly.

[0065] In another embodiment, an implantable medical
system may include an implantable medical device and an
external monitoring device. The external monitoring device
may include one or more processors, one or more memory
devices, one or more power devices, one or more heart rate
detection devices, and one or more heart sound detection
devices. In addition, one or more of the heart sound detection
devices may be an accelerometer. In another example, the
external monitoring device may include a validation module.
The validation module may determine a plurality of condi-
tions based on heart rate data and heart sound data. Further,
the external monitoring device may determine an implantable
medical device orientation (and/or any other devices orienta-
tion including itself). In addition, the external monitoring
device may determine an implantable medical device orien-
tation based on at least one of the plurality of conditions. In
another example, the external monitoring device may modify
one or more antenna characteristics. In another example, the
external monitoring device may modify one or more antenna
characteristics based on one or more of the plurality of con-
ditions.

[0066] InFIG.12,anillustration of animplantable medical
device 1200 is shown, according to one embodiment. In this
example, implantable medical system (“IMD”) 1200 may
include an electrical signal generator 1205. Electrical signal
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generator 1205 may include a main body 1215, including a
case or shell with a header 1220 for connecting to an insu-
lated, electrically conductive lead assembly 1235. Electrical
signal generator 1205 may be implanted in the patient’s chest
in a pocket or cavity formed by the implanting surgeon just
below the skin (indicated by a dotted line 1221). Monitoring
device 102 may communicate via a third communication link
1250 with IMD 1200. For example, monitoring device 102
and IMD 1200 may transmit and receive information relating
to seizure history, the onset of a seizure, any characteristics of
any current and/or historical seizure, heart rate data, heart
sound data, therapy history, current therapy, medication his-
tory, current medication, family health history, any character-
istics of any therapy, blood pressure, duty cycle, any other
element relating to the patient and/or any other element relat-
ing to any other device.

[0067] In various examples, the decision trees shown in
FIGS. 8A-8B may be utilized with an implantable medical
device and/or the external monitoring system. In various
examples, the conditions described in FIGS. 8A-8B may
ensure the reliable sensing of the implantable medical device,
the external monitoring device, and/or any other device. Fur-
ther, the RF communication performance may be enhanced
by keeping track of one or more device (e.g., implantable
medical device, external monitoring device, etc.) orienta-
tions. Further, this disclosure may be used in conjunction with
a tracking filter, such as a Kalman filter, extended Kalman
filter, particle filters, and/or an unscented Kalman filter to
continuously track one or more positions and/or orientations
of one or more devices.

[0068] A nerve electrode assembly 1225 may include a
plurality of electrodes having at least an electrode pair con-
ductively connected to the distal end of lead assembly 1235,
which may include a plurality of lead wires (one wire for each
electrode). Each electrode in nerve electrode assembly 1225
may operate independently or alternatively, may operate in
conjunction with the other electrodes. In one embodiment,
nerve electrode assembly 1225 may include at least a cathode
and an anode. In another embodiment, nerve electrode assem-
bly 1225 comprises one or more unipolar electrodes with the
return electrode including a portion of electrical signal gen-
erator 1205.

[0069] Lead assembly 1235 is attached at its proximal end
to connectors on a header 1220 of electrical signal generator
1205. Nerve electrode assembly 1225 may be surgically
coupled to a vagus nerve 1235 in the patient’s neck or at
another location (e.g., near the patient’s diaphragm or at the
esophagus/stomach junction, etc.). Other and/or additional
cranial nerves, such as the trigeminal and/or glossopharyn-
geal nerves, may also be used as a target for the electrical
signal in particular alternative embodiments. In one embodi-
ment, nerve electrode assembly 1225 comprises a bipolar
stimulating electrode pair 1226, 1228, 1230 (i.e., a cathode
and an anode). Suitable electrode assemblies are available
from Cyberonics, Inc., Houston, Tex., USA as the Model 302
electrode assembly. However, persons of skill in the art will
appreciate that many electrode designs could be used in the
present disclosure. Lead assembly 1235 may be secured,
while retaining the ability to flex with movement of the chest
and neck, by a suture connection to nearby tissue (not shown).
[0070] Inalternative embodiments, nerve electrode assem-
bly 1225 may comprise temperature sensing elements and/or
heart rate sensor elements. Other sensors for other body
parameters may also be employed to trigger active stimula-
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tion. For example, motion sensors or electrodes may be used
to sense respiration, and pressure sensors or neural activity
may be used to sense blood pressure. Both passive and active
stimulation may be combined or delivered by a single IMD
according to the present disclosure. Either or both modes may
be appropriate to treat a specific patient under observation.
[0071] Electrical pulse generator 1205 may be pro-
grammed with an external device (“ED”) such as a computer
1210, base station 1108, monitoring device 102, a mobile
device, and/or one or more computing devices 1112 using
programming software. A programming wand 1202 and/or
another programming device may be coupled to computer
1210 as part of the ED to facilitate radio frequency (“RF”)
communication between computer 1210 and electrical pulse
generator 1205. Programming wand 1202 and computer 1210
(and/or base station 1108, monitoring device 102, a mobile
device, and/or one or more computing devices 1112) permit
non-invasive communication with electrical signal generator
1205 after the latter is implanted. In systems where computer
1210 uses one or more channels in the Medical Implant Com-
munications Service (“MICS”) bandwidths, programming
wand 1202 may be omitted to permit more convenient com-
munication directly between computer 1210 (and/or base
station 1108, monitoring device 102, a mobile device, and/or
one or more computing devices 1112) and electrical pulse
generator 1205.

[0072] The term “electrode” or “electrodes” described
herein may refer to one or more stimulation electrodes (i.e.,
electrodes for delivering an electrical signal generated by an
IMD to a tissue), sensing electrodes (i.e., electrodes for sens-
ing a physiological indication of a patient’s body), and/or
electrodes that are capable of delivering a stimulation signal,
as well as performing a sensing function.

[0073] Cranial nerve stimulation has been proposed to treat
a number of medical conditions pertaining to or mediated by
one or more structures of the nervous system of the body,
including epilepsy and other movement disorders, depres-
sion, anxiety disorders and other neuropsychiatric disorders,
dementia, head trauma and traumatic brain injury, coma, obe-
sity, eating disorders, sleep disorders, cardiac disorders (such
as congestive heart failure and atrial fibrillation), hyperten-
sion, endocrine disorders (such as diabetes and hypoglyce-
mia), and pain syndromes (including migraine headache and
fibromyalgia), among others. See, e.g., U.S. Pat. Nos. 4,867,
164; 5,299,569, 5,269,303; 5,571,150, 5,215,086; 5,188,104
5,263.480; 6,587,719; 6,609,025; 5335,657; 6,622,041;
5,916,239, 5,707,400, 5,231,988; and 5,330,515. Despite the
numerous disorders for which cranial nerve stimulation has
been proposed or suggested as a treatment option, the fact that
detailed neural pathways for many (if not all) cranial nerves
remain relatively unknown, makes predictions of efficacy for
any given disorder difficult or impossible. Moreover, even if
such pathways were known, the precise stimulation param-
eters that would modulate particular pathways relevant to a
particular disorder generally cannot be predicted.

[0074] In one embodiment, the present disclosure provides
a method of treating a medical condition. The medical con-
dition can be selected from the group including epilepsy,
neuropsychiatric disorders including, but not limited to,
depression, eating disorders/obesity, traumatic brain injury/
coma, addiction disorders, dementia, sleep disorders, pain,
migraine, fibromyalgia, endocrine/pancreatic disorders (in-
cluding, but not limited to, diabetes), motility disorders,
hypertension, congestive heart failure/cardiac capillary
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growth, hearing disorders, angina, syncope, vocal cord disor-
ders, thyroid disorders, pulmonary disorders, and reproduc-
tive endocrine disorders including infertility. In a particular
embodiment, the medical condition is epilepsy.

[0075] The implantable medical device (“IMD”) system of
one embodiment of the present disclosure provides for soft-
ware module(s) that are capable of acquiring, storing, and
processing various forms of data, such as patient data/param-
eters (e.g., physiological data, side-effects data, such as heart
rate, breathing rate, brain-activity parameters, disease pro-
gression or regression data, quality of life data, etc.) and
therapy parameter data. Therapy parameters may include, but
are not limited to, electrical signal parameters that define the
therapeutic electrical signals delivered by the IMD, medica-
tion parameters and/or any other therapeutic treatment
parameter. In an alternative embodiment, the term “therapy
parameters” may refer to electrical signal parameters defining
the therapeutic electrical signals delivered by the IMD.
Therapy parameters for a therapeutic electrical signal may
also include, but are not limited to, a current amplitude, a
pulse width, an interburst period, a number of pulses per
burst, an interpulse interval, a burst duration, an on-time, and
an off-time.

[0076] In one embodiment of the present disclosure, an
electrical signal may be provided in a duration that is deter-
mined as a function of a physiological cycle (e.g., a cardiac
cycle). In one embodiment, the duration may be less than the
physiological cycle (e.g., less than a cardiac cycle of the
patient). In this manner, data relating to a parameter associ-
ated with the physiological cycle may be collected at times
when the electrical signal is not provided. For example, by
providing electrical signals to a vagus nerve 10 msec after
detection of an R-wave in a patient’s cardiac cycle, for a
duration that is less than the prior cardiac cycle, it may be
possible to sense the next R-wave without interference that
may be associated with a signal applied for a duration longer
than the patient’s cardiac cycle. While techniques are avail-
able that would permit overlapping stimulation and sensing
(such as blanking intervals in the signal, or use of separate
sensing and stimulation electrodes), use of certain embodi-
ments of the present disclosure renders such techniques
unnecessary, and permits a simpler design. Even where
stimulation durations longer than the cardiac cycle are used,
the present disclosure may still allow the timing of later
heartbeats to be predicted with sufficient accuracy (based on,
for example, a moving average heartbeat) to avoid the use of
separate sensing and stimulation electrodes.

[0077] The therapeutic electrical stimulation signal
described herein may be used to treat a medical condition
separately or in combination with another type of treatment.
For example, electrical signals according to the present dis-
closure may be applied in combination with a chemical agent,
such as various drugs, to treat various medical conditions.
Further, the electrical stimulation may be performed in com-
bination with treatment(s) relating to a biological or chemical
agent. The electrical stimulation treatment may also be pet-
formed in combination with other types of treatment, such as
magnetic stimulation treatment.

[0078] Particular embodiments may provide effective
screening tools to determine whether a particular type of
treatment will be effective for a particular patient. Disclosed
implantable medical devices may be used to treat various
conditions by applying treatment to one or more tissues of a
patient’s body. To illustrate, an implantable medical device
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may be used to target neural tissue by inducing efferent or
afferent action potentials in the neural tissue or by blocking
intrinsic efferent or afferent action potentials in the neural
tissue. For example, the implantable medical device may be
used to target a vagus or trigeminal nerve to treat one or more
conditions, such as epilepsy or other seizure inducing condi-
tions. In another example, the implantable medical device
may target an optic nerve to treat a vision condition or to
supplement or facilitate use of a visual prosthesis for sight
restoration. In another example, the implantable medical
device may target a hypoglossal nerve to treat one or more
conditions, such as sleep apnea. Although the examples above
each relate to cranial nerves, the implantable medical device
may be used to target another nerve or set of nerves rather than
or in addition to a cranial nerve. For example, the implantable
medical device may be used to target a sacral nerve to treat
one or more conditions, such as to facilitate bladder control.
In another example, the implantable medical device may be
used to target a phrenic nerve to treat one or more conditions,
such as to facilitate diaphragm or respiration control. In
another example, the implantable medical device may be
used to target one or more nerves of the spinal cord to treat one
or more conditions, such as to facilitate pain management.
Further, in addition to or instead of targeting a neural tissue,
the implantable medical device may be used to target other
tissue of a patient’s body. For example, the implantable medi-
cal device may be used to stimulate a muscle to induce muscle
contraction. To illustrate, the implantable medical device may
target a heart muscle to act as a pacemaker. Other examples of
conditions that may be treated using an implantable medical
device that is at least partially powered by far field radiative
power include, but are not limited to, traumatic brain injury
and depression.

[0079] In various examples, monitoring device 102, base
station 1108, implantable medical device 1302, and/or one or
more computing devices 1112 may interact to provide one or
more functions. For example, base station 1108 may be the
lead device to perform one or more calculations and/or to
generate one or more items (e.g., reports, status updates, etc.).
In various examples, any device (e.g., monitoring device 102,
base station 1108, implantable medical device 1302, and/or
one or more computing devices 1112) may be the lead device
to perform one or more computational functions. Further, the
one or more computational functions may be shared and/or
distributed over any of the above-referenced devices. In
another example, monitoring device 102 may transmit one or
more data points (e.g., heart sound data, heart rate data, skin
temperature data, seizure detection, any other patient physi-
cal condition, etc.) to implantable medical device 1302 (and/
or any other device) to assist in seizure detection, therapy
feedback, etc. In another example, implantable medical
device 1302 may transmit one or more data points (e.g.,
seizure detection, heart rate, blood pressure, any other patient
physical condition, etc.) to monitoring device 102 (and/or any
other device) to assist in seizure detection, generation and
transmission of one or more warning messages, generation of
one or more historical reports, etc. In another example, one or
more computing devices 1112 may receive various data
points (e.g., heart sound data, heart rate data, skin temperature
data, seizure detection, blood pressure, any other patient
physical condition, etc.) to generate and transmit one or more
programming modifications to one or more of the other
devices (e.g., monitoring device 102, base station 1108,
implantable medical device 1302, etc.).
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[0080] InFIG. 13, ablock diagram of an implantable medi-
cal device system 1300 is shown, according to one embodi-
ment. Implantable medical device system 1300 may include
an implantable medical device 1302 and an external device
1370. Implantable medical device 1302 may be wirelessly
powered by external device 1370. For example, external
device 1370 may emit electromagnetic energy by transmit-
ting radio-frequency signals using an external antenna (e.g., a
far field transmitter, etc.). At least a portion of the electro-
magnetic energy may be received by an antenna of implant-
able medical device 1302 as far field radiative signals. In
another example, implantable medical device 1302 may
receive energy via near-field signals (e.g., by inductive cou-
pling of the antenna of implantable medical device 1302 and
an antenna of the far field transmitter). In yet another
example, implantable medical device 1302 may receive
energy via near-field signals and via far field radiative signals,
either simultaneously or at different times. In various
examples, monitoring device 102, base station 1108, implant-
able medical device 1302, and/or one or more computing
devices 1112 may be supplied energy via any of the energy
transfer procedures discussed in this disclosure.

[0081] As further described below, implantable medical
device 1302 may include an antenna to receive the far field
radiative signals, a matching network to impedance match the
antenna with other components of implantable medical
device 1302, power processing elements (e.g., a rectifier, a
voltage multiplier, a step-up regulator, etc.), a charge storage
element, and a therapy deliver unit. Implantable medical
device 1302 may use power derived at least partially from the
far field radiative signals to deliver therapy to a patient.

[0082] In a particular embodiment, implantable medical
device 1302 (and/or monitoring device 102, base station
1108, one or more computing devices 1112, etc.) may include
an antenna and an associated matching network. The antenna
may be a dipole antenna, a monopole antenna, a serpentine
antenna, a slot antenna, a patch antenna, a plane-inverted-F
antenna (“PIFA”), a helical antenna, a fractal antenna, a loop
antenna, or an antenna with another form factor configured to
receive the far field radiative signals. The matching network
may be adapted to match impedance of the antenna to other
components of implantable medical device 1302 (and/or
monitoring device 102, base station 1108, one or more com-
puting devices 1112, etc.) to achieve high efficiency power
transfer.

[0083] Implantable medical device 1302 may include a
stimulation unit 1320, a communication unit 1360, a control-
ler 1310, one or more processors 1315, a memory 1317, a
power supply 1330, a magnetic field detection unit 1390, a
logic unit 1350, and/or a seizure detection module 1340.

[0084] Stimulation unit 1320 may be powered by one or
more charge storage elements. Stimulation unit 1320 may be
operative to deliver therapy to a target tissue of the patient. For
example, stimulation unit 1320 may include a signal genera-
tor that is operative to apply electrical stimulation to the target
tissue. In another example, stimulation unit 1320 is a drug
delivery unit that is operative to deliver a drug as the therapy
to the patient. The target tissue may include neural tissue
(e.g., one or more areas of the brain, the spinal cord, a cranial
nerve, or another nerve), muscular tissue (e.g., a heart
muscle), and/or other tissue. In a particular embodiment, the
target tissue includes one or more of a vagus nerve, a trigemi-
nal nerve, a glossopharyngeal nerve, and a hypoglossal nerve.
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[0085] 1In aparticular embodiment, the charge storage ele-
ment may be sized or configured to store only enough charge
to deliver the therapy during a short time period relative to
typically implantable medical device batteries. To illustrate,
the charge storage element may store enough charge to
deliver the therapy during a period of 3 days or less. In another
example, the charge storage element may store enough charge
to deliver the therapy during a period of 24 hours or less. In
other examples, the charge stored by the charge storage ele-
ment is sufficient to deliver the therapy during a period of 12
hours or less, during a period of 6 hours or less, during a
period of 3 hour or less, during a period of 2 hour or less,
during a period of 1 hour or less, during a period of 30 minutes
or less, during a period of 15 minutes or less, during a period
of 10 minutes or less, during a period of 5 minutes or less,
during a period of 2 minutes or less, during a period of 1
minutes or less, during a period of 30 seconds or less, or even
during a period of 15 seconds or less. In a particular embodi-
ment, the charge storage element 114 stores enough charge to
deliver only a single treatment. The single treatment may be a
single electrical pulse, or a burst including a plurality of
electrical pulses.

[0086] In implantable medical device 1302, stimulation
unit 1320 is a signal generator. The signal generator may be
operative to be electrically coupled to one or more electrodes.
The electrode(s) may be configured to be positioned in prox-
imity to, or attached to, the target tissue of the patient to
provide electrical stimulation to the target tissue. The elec-
trodes(s) may be coupled directly to implantable medical
device 1302 (i.e, without leads) or may be coupled to
implantable medical device 1302 via one or more leads (not
shown).

[0087] Implantable medical device 1302 may include logic
unit 1350. Logic unit 1350 may be powered by the charge
storage element. Logic unit 1350 may be operative to control
delivery ofthe therapy by stimulation unit 1320. For example,
logic unit 1350 may control parameters of therapeutic stimu-
lation provided by the signal generator to the target tissue.
The parameters of the therapeutic stimulation may include a
frequency of therapy delivery (i.e., a time period between
treatments), a duty cycle of therapy delivery, a magnitude of
therapy delivery (e.g., an amount of energy delivered to the
target tissue during a treatment, a magnitude of a voltage of an
electrical signal used to deliver the therapy, a magnitude ofa
current of the electrical signal, or a combination thereof), and
amode of therapy delivery (e.g., a single pulse mode ora burst
mode including a plurality of pulses). Other parameters may
also be controlled by logic unit 1350, such as a location
treated when more than one target tissue can be selected for
treatment; whether the treatment includes electrical stimula-
tion, delivery of a drug, other treatment, or a combination
thereof; and whether electrical signals applied to the target
tissue induce efferent signals, induce afferent signals, bias the
target tissue to near a firing threshold, inhibit intrinsic efferent
or afferent signals, and so forth.

[0088] In a particular embodiment, logic unit 1350 may
cause the therapeutic stimulation to be applied to the target
tissue responsive to a sensed patient parameter (e.g., a con-
dition, state or value associated with the body of the patient).
For example, logic unit 1350 may receive information via one
or more of the electrodes, from another sensor, monitoring
device 102, base station 1108 and/or one or more computing
devices 1112, and may control application of therapeutic
stimulation based on the received information. Therapeutic



US 2015/0094605 A1

stimulation that is based on or responsive to the sensed patient
parameter may include “active,” “responsive,” “closed-loop,”
“feedback,” or “triggered” stimulation.

[0089] In another embodiment, logic unit 1350 may cause
the therapeutic stimulation to be applied to the target tissue
without sensing or detecting a patient parameter. For
example, logic unit 1350 may cause the signal generator to
apply a series of electrical pulses to the target tissue periodi-
cally, intermittently, or continuously throughout the day, or
according to another predetermined schedule (e.g., a circa-
dian schedule or another predetermined treatment cycle).
This type of stimulation may include “passive,” “periodic,”
“continuous,” “open-loop,” “non-feedback,” or “prophylac-
tic” stimulation. In another embodiment, logic unit 1350 may
use a combination of active, passive and externally controlled
stimulation. For example, inresponse to receipt of the far field
radiative signals, logic unit 1350 may initiate stimulation
responsive to a sensed patient parameter (e.g., sensing one or
more patient parameters and applying stimulation responsive
to the one or more sensed patient parameters). In another
embodiment, the charge threshold may be set according to an
amount of charge needed to deliver more than one treatment,
such as a number of treatments specified for a particular
amount of time, such as at least 3 days, at least 1 day, at least
12 hours, at least 6 hours, at least 3 hours, at least 2 hours, at
least 1 hour, at least 30 minutes, at least 15 minutes, atleast 10
minutes, at least 5 minutes, at least 2 minutes, at least 1
minute, at least 30 seconds, at least 15 seconds, at least 10
seconds, or less than 10 seconds. In this embodiment,
implantable medical device 1302 may include control logic
that controls application of the therapy. For example, logic
unit 1350 may control parameters of the therapy such as
timing, duty cycle, current amplitude, voltage amplitude, and
frequency of signals applied to the target tissue.

[0090] Communication unit 1360 may communicate with
monitoring device 102, base station 1108, and/or one or more
computing devices 1112. Controller 1310 may be utilized to
control one or more elements of implantable medical device
1302. One or more processors 1315 may execute program
instructions of memory 1317 and use memory 1317 for data
storage. One or more processors 1315 may also include a
numeric co-processor, or a graphics processing unit (or units)
for accelerated video encoding and decoding, and/or any
combination thereof. One or more processors 1315 may
include communication interfaces for communicating with
various internal elements and/or external devices.

[0091] Memory 1317 may be non-volatile semiconductor
memory, such as read-only memory (“ROM”), erasable pro-
grammable read-only memory (“EPROM”), electrically
erasable programmable read-only memory (“EEPROM”),
flash memory (“NVRAM”), Nano-RAM (e.g., carbon nano-
tube random access memory), and/or any combination
thereof. Memory 1317 may also be volatile semiconductor
memory such as, dynamic random access memory
(“DRAM”), static random access memory (“SRAM™), and/or
any combination thereof. Memory 1317 may be used to store
read-only program instructions for execution by one or more
processors 1315, for the read-write storage for global vari-
ables and static variables, read-write storage for uninitialized
data, read-write storage for dynamically allocated memory,
for the read-write storage of the data structure known as “the
stack,” and/or any combination thereof.

[0092] Power supply 1330 may be any type of power supply
to power implantable medical device 1302. Magnetic field
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detection unit 1390 may detect one or more magnetic fields to
protection and/or power implantable medical device 1302.
Seizure detection module 1340 may detect, compile, store,
implement, and/or transmit data relating to one or more sei-
zure detections. This seizure detection module 1340 may be
in any device (e.g., implantable medical device 1302, moni-
toring device 102, base station 1108, one or more computing
devices 1112, etc.) and communicate with another other
device (e.g., implantable medical device 1302, monitoring
device 102, base station 1108, one or more computing devices
1112, etc.). External unit 1370 may be an external program-
ming unit, an external monitoring device, an external control
unit, an external computing unit, an external communication
unit, and/or any other unit external (e.g., monitoring device
102, base station 1108, one or more computing devices 1112,
etc.) to implantable medical device 1302.

[0093] The illustrations of the embodiments described
herein are intended to provide a general understanding of the
structure of the various embodiments. The illustrations are
not intended to serve as a complete description of all of the
elements and features of apparatus and systems that utilize
the structures or methods described herein. Many other
embodiments may be apparent to those of skill in the art upon
reviewing the disclosure. Other embodiments may be utilized
and derived from the disclosure, such that structural and
logical substitutions and changes may be made without
departing from the scope of the disclosure. For example,
method steps may be performed in a different order than is
shown in the figures or one or more method steps may be
omitted. Accordingly, the disclosure and the figures are to be
regarded as illustrative rather than restrictive.

[0094] Moreover, although specific embodiments have
been illustrated and described herein, it should be appreciated
that any subsequent arrangement designed to achieve the
same or similar results may be substituted for the specific
embodiments shown. This disclosure is intended to cover any
and all subsequent adaptations or variations of various
embodiments. Combinations of the above embodiments, and
other embodiments not specifically described herein, will be
apparent to those of skill in the art upon reviewing the descrip-
tion.

[0095] The Abstract of the Disclosure is submitted with the
understanding that it will not be used to interpret or limit the
scope or meaning of the claims. In addition, in the foregoing
Detailed Description, various features may be grouped
together or described in a single embodiment for the purpose
of streamlining the disclosure. This disclosure is not to be
interpreted as reflecting an intention that the claimed embodi-
ments require more features than are expressly recited in each
claim. Rather, as the following claims reflect, the claimed
subject matter may be directed to less than all of the features
of any of the disclosed embodiments.

[0096] As used herein, the term “mobile device” refers to a
device that may from time to time have a position that
changes. Such changes in position may comprise of changes
to direction, distance, and/or orientation. In particular
examples, a mobile device may comprise of a cellular tele-
phone, wireless communication device, user equipment, lap-
top computer, other personal communication system (“PCS”)
device, personal digital assistant (“PDA”), personal audio
device (“PAD”), portable navigational device, or other por-
table communication device. A mobile device may also com-
prise of a processor or computing platform adapted to per-
form functions controlled by machine-readable instructions.
[0097] The methods and/or methodologies described
herein may be implemented by various means depending
upon applications according to particular examples. For
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example, such methodologies may be implemented in hard-
ware, firmware, software, or combinations thereof. In a hard-
ware implementation, for example, a processing unit may be
implemented within one or more application specific inte-
grated circuits (“ASICs”), digital signal processors (“DSPs”),
digital signal processing devices (“DSPDs”), programmable
logic devices (“PLDs”), field programmable gate arrays
(“FPGAs”), processors, controllers, micro-controllers,
microprocessors, electronic devices, other devices units
designed to perform the functions described herein, or com-
binations thereof.
[0098] Some portions of the detailed description included
herein are presented in terms of algorithms or symbolic rep-
resentations of operations on binary digital signals stored
within a memory of a specific apparatus or a special purpose
computing device or platform. In the context of this particular
specification, the term specific apparatus or the like includes
a general purpose computer onceit is programmed to perform
particular operations pursuant to instructions from program
software. Algorithmic descriptions or symbolic representa-
tions are examples of techniques used by those of ordinary
skill in the arts to convey the substance of their work to others
skilled in the art. An algorithm is considered to be a self-
consistent sequence of operations or similar signal processing
leading to a desired result. In this context, operations or
processing involve physical manipulation of physical quan-
tities. Typically, although not necessarily, such quantities
may take the form of electrical or magnetic signals capable of
being stored, transferred, combined, compared or otherwise
manipulated. It has proven convenient at times, principally
for reasons of common usage, to refer to such signals as bits,
data, values, elements, symbols, characters, terms, numbers,
numerals, or the like. It should be understood, however, that
all of these or similar terms are to be associated with appro-
priate physical quantities and are merely convenient labels.
Unless specifically stated otherwise, as apparent from the
discussion herein, it is appreciated that throughout this speci-
fication discussions utilizing terms such as “processing,”
“computing,” “calculating,” “determining” or the like refer to
actions or processes of a specific apparatus, such as a special
purpose computer or a similar special purpose electronic
computing device. In the context of this specification, there-
fore, a special purpose computer or a similar special purpose
electronic computing device is capable of manipulating or
transforming signals, typically represented as physical elec-
tronic or magnetic quantities within memories, registers, or
other information storage devices, transmission devices, or
display devices of the special purpose computer or similar
special purpose electronic computing device.
[0099] Reference throughout this specification to “one
example,” “an example,” “embodiment,” and/or “another
example” should be considered to mean that the particular
features, structures, or characteristics may be combined in
one or more examples and/or in any example. For instance,
Example 1 shows element X and Example 2 shows element Y.
Therefore, Element X and Element Y may be used together in
one embodiment.

What is claimed is:

1. An external monitoring device located on a patient com-
prising:

one or more Processors;

one or more memory devices;

one or more power devices;

one or more heart rate detection devices; and

one or more heart sound detection devices.
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2. The external monitoring device of claim 1, wherein at
least one of the one or more heart sound detection devices is
an accelerometer.

3. The external monitoring device of claim 2, further com-
prising a validation module, the validation module configured
to determine a plurality of external monitoring device condi-
tions based on heart rate data and heart sound data.

4. The external monitoring device of claim 3, wherein the
one or more processors are configured to determine via the
validation module a first external monitoring device condi-
tion, the first external monitoring device condition being that
the external monitoring device has not been placed on the
patient.

5. The external monitoring device of claim 3, wherein the
one or more processors are configured to determine via the
validation module a second external monitoring condition,
the second external monitoring condition being that the exter-
nal monitoring device is misaligned on the patient.

6. The external monitoring device of claim 3, wherein the
one or more processors are configured to determine via the
validation module a third external monitoring condition, the
third external monitoring condition being that an error has
occurred on at least one of a patch and an electrocardiography
signal generator.

7. The external monitoring device of claim 3, wherein the
one or more processors are configured to determine via the
validation module a fourth external monitoring condition, the
fourth external monitoring condition being that the external
monitoring device is located in a tolerance range.

8. The external monitoring device of claim 1 further com-
prising a validation module, the validation module configured
to determine a plurality of external monitoring device condi-
tions based on heart rate data and heart sound data.

9. The external monitoring device of claim 8, wherein the
one or more processors are configured to determine via the
validation module a first external monitoring device condi-
tion, the first external monitoring device condition being that
the external monitoring device has not been placed on the
patient.

10. The external monitoring device of claim 8, wherein the
one or more processors are configured to determine via the
validation module a second external monitoring condition,
the second external monitoring condition being that the exter-
nal monitoring device is misaligned on the patient.

11. The external monitoring device of claim 8, wherein the
one or more processors are configured to determine via the
validation module a third external monitoring condition, the
third external monitoring condition being that an error has
occurred on at least one of a patch and an electrocardiography
signal generator.

12. The external monitoring device of claim 8, wherein the
one or more processors are configured to determine via the
validation module a fourth external monitoring condition, the
fourth external monitoring condition being that the external
monitoring device is located in a tolerance range.

13. A method for determining a status of an external moni-
toring device located on a patient comprising:

obtaining via one or more processors heart rate data;

obtaining via the one or more processors heart sound data;

and

determining via the one or more processors an external

monitoring device state utilizing a validation module,
the validation module being configured to determine a
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plurality of external monitoring device states based on
the heart rate data and the heart sound data.

14. The method of claim 13, further comprising determin-
ing a location of the external monitoring device; and

modifying the validation module based on a determined

external monitoring device location.
15. The method of claim 14, further comprising determin-
ing the external monitoring device state via an adjusted vali-
dation module based on the heart rate data and the heart sound
data.
16. The method of claim 13, further comprising determin-
ing a first external monitoring device condition, the first exter-
nal monitoring device condition being that the external moni-
toring device has not been placed on the patient.
17. The method of claim 13, further comprising a second
external monitoring condition, the second external monitor-
ing condition being that the external monitoring device is
misaligned on the patient.
18. The method of claim 13, further comprising a third
external monitoring condition, the third external monitoring
condition being that an error has occurred on at least one of a
patch and an electrocardiography signal generator.
19. The method of claim 13, further comprising a fourth
external monitoring condition, the fourth external monitoring
condition being that the external monitoring device is located
in a tolerance range.
20. A system comprising;
an external monitoring device located on a patient includ-
ing one or more processors, one Or Mmore memory
devices, one or more power devices, one or more heart
rate detection devices, and one or more heart sound
detection devices;
a base station including a base station processor, a base
station memory, and a base station power supply; and

an external device including an external device processor,
an external device memory, and an external device
power supply.

21. The system of claim 20, wherein at least one of the one
or more heart sound detection devices is an accelerometer.

22. The system of claim 21, wherein the external monitor-
ing device further comprises a validation module, the valida-
tion module configured to determine a plurality of external
monitoring device conditions based on heart rate data and
heart sound data.

23. The system of claim 22, wherein the one or more
processors are configured to determine via the validation
module a first external monitoring device condition, the first
external monitoring device condition being that the external
monitoring device has not been placed on the patient.

24. The system of claim 22, wherein the one or more
processors are configured to determine via the validation
module a second external monitoring condition, the second
external monitoring condition being that the external moni-
toring device is misaligned on the patient.

25. The system of claim 22, wherein the one or more
processors are configured to determine via the validation
module a third external monitoring condition, the third exter-
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nal monitoring condition being that an error has occurred on
at least one of a patch and an electrocardiography signal
generator.

26. The system of claim 22, wherein the one or more
processors are configured to determine via the validation
module a fourth external monitoring condition, the fourth
external monitoring condition being that the external moni-
toring device is located in a tolerance range.

27. The system of claim 20, wherein the external monitor-
ing device further comprises a validation module, the valida-
tion module configured to determine a plurality of external
monitoring device conditions based on heart rate data and
heart sound data.

28. The system of claim 27, wherein the one or more
processors are configured to determine via the validation
module a first external monitoring device condition, the first
external monitoring device condition being that the external
monitoring device has not been placed on the patient.

29. The system of claim 27, wherein the one or more
processors are configured to determine via the validation
module a second external monitoring condition, the second
external monitoring condition being that the external moni-
toring device is misaligned on the patient.

30. The system of claim 27, wherein the one or more
processors are configured to determine via the validation
module a third external monitoring condition, the third exter-
nal monitoring condition being that an error has occurred on
at least one of a patch and an electrocardiography signal.

31. The system of claim 27, wherein the one or more
processors are configured to determine via the validation
module a fourth external monitoring condition, the fourth
external monitoring condition being that the external moni-
toring device is located in a tolerance range.

32. An implantable medical system comprising:

an implantable medical device; and

an external monitoring device including one or more pro-

cessors, one or more memory devices, one or more
power devices, one or more heart rate detection devices,
and

one or more heart sound detection devices.

33. The implantable medical system of claim 32, wherein
at least one of the one or more heart sound detection devices
is an accelerometer.

34. The implantable medical system of claim 33, wherein
the external monitoring device further includes a validation
module, the validation module configured to determine a
plurality of conditions based on heart rate data and heart
sound data.

35. The implantable medical system of claim 34, wherein
the external monitoring device is configured to determine an
implantable medical device orientation based on at least one
of the plurality of conditions.

36. The implantable medical system of claim 35, wherein
the external monitoring deviceis further configured to modify
one or more antenna characteristics based on one or more of
the plurality of conditions.
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