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(57) Abstract: Techniques for facilitating telemetry between a medical device and an external device are provided. In one example,
a medical device includes a classification component and a communication component. The classification component is configured to
determine a classification for data generated by the medical device. The classification component is also configured to determine an
urgency level for an advertising data packet based on the classification for the data. The communication component is also configured
to broadcast the advertising data packet for the medical device at a defined beaconing rate based on the urgency level for the advertising

data packet.
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FACILITATING URGENCY MODULATED BEACONING RATES FOR
MEDICAL DEVICES

TECHNICAL FIELD
{0001] This disclosure relates gencrally to medical devices and, more particularly, to
svstems, apparatus, methods and computer-readable storage media that facilitate

urgeney modulated beaconing rates for medical devices.

BACKGROUND

{0002] Modem healthcare facilitates the ability for patients to lead healthy and full
lives. Medical devices are often utilized for such medical advances. For example,
medical devices such as pacemakers, implantable cardioverter-defibrillators,
neurostimulators, and drug pumps can facilitate management with a wide range of
ailments, mcluding, but not hmited to, cardiac archythnuias, diabetes, and Parkinson’s
disease. Patients and medical care providers can monitor the medical devices and assess
a patient’s current and historical physiclogical state to identify and/or predict
mpending events or conditions.

{0003} Medical devices are increasing in complexity while shrinking m size. One
hurdle to achieving such small and highly functional devices i1s efficient power
management of these medical devices. In particular, many medical devices operate
from power sources that have a limited Lifespan and/or are not readily replaceable.
Numerous processes associated with a medical device directly tmpact life of a power
source of the medical device. For example, a telemetry process between a medical
device and another device 1s generally mefficient and can wnnecessanly drain power
from a power source of the medical device if not properly managed. Thus, extending
life of a power source of a medical device by imnproving a telemetry process between
the medical device and another device and/or by emploving modulated beaconing rates

for the medical device 18 highly desirable.

SUMMARY
0004] The following presents a simplified summary of one or more of the
g p ) 3

embodiments in order to provide a basic understanding of one or more of the
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embodiments.  This summary is not an extensive overview of the embodiments
described herein. K 15 intended to neither identify key or crtical clements of the
embodiments nor delineate any scope of embodiments or the claims. Its sole purpose is
to present some concepts of the embodiments in a simplified form as a prelude to the
more detailed descnption that is presented later. It will also be appreciated that the
detailed description may include additional or alternative embodiments bevond those
deseribed m the Summary section.

{0005] Embodiments described herein include systems, methods, apparatuses and
computer-readable storage media facilitating urgency modulated beaconing rates
between a medical device and an exiernal device. Although the term "medical device”
is used herein, it 1s understood that in different embodiments, the medical device can be
an IMD. In some embodiments, the medical device is or includes an IMD. As such,
"medical device” and "IMID" can be used interchangeably herein and all such variations
on embodiments are envisaged. In other embodiments, the medical device 1s or includes
a device configured to interact with an IMD. In these embodiments, the medical device
can be implanted within a patient or can be ¢mploved externally from oron a body of a
patient. Additionally or alternatively, both the medical device and/or the IMID can be
imaplanted within a patient.

160061 In one embodiment, 3 medical device configured o be emploved by a patient is
provided. The medical device can include: a housing, a memory, within the housing,
that stores executable components; circuitry, within the housing, and configured to at
least one of obtain sensed physiological data associated with the patient or debiver a
therapy to the patient; and a processor, within the housing, that executes the exccutable
components stored in the memory. The execcutable components can include a
classification component and a comvmunication component. The classification
component can be configured to determine a classification for data generated by the
medical device. The classification component can also be configured to determine an
urgency level for an advertising data packet based on the classification for the data.
The communication component can be configured to broadcast the advertising data
packet for the medical device at a defined beaconing rate based on the urgency level for
the advertising data packet. As used herein, a "beaconing rate” can be a speed or a rate

{e.g., frequency of occurrence) for broadcasting an advertising data packet during an
2
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interval of time. As also used herein, an "advertising data packet" can be a data packet
craployed for advertising information to other devices and/or for facilitating a
connection with other devices. Furthermore, as used herein, a "fixed poliing interval”
can be a start time and a stop time for repeatedly broadeasting the advertising data
packet at the beaconing rate.

{00071 In various differcnt embodiments, the communication component can be
configured to broadcast the adveriising data packet via modulation of the broadcast at
the defined beaconing rate. In certam embodiments, the commanication component
can be configured to increase the defined beaconing rate based on a determination that
the wrgency level for the advertising data packet corresponds to a defined event
associated with the data. In some embodiments, the communication component can be
configured to decrease the defined beaconing rate based on a determination that the
urgency level for the advertising data packet corresponds to a defined cvent associated
with the data. In one embodiment, the urgency level for the advertising data packet can
correspond to a defined ovent. In ancther embodiment, the urgency level for the
advertising data packet can correspond to a defined medical event associated with the
data or a processing covent associated with the medical device. In vet another
embodiment, the urgency level for the advertising data packet can correspond o a
defined medical event associated with a cardiac rhythm reading for the sensed
physiclogical data. In some embodiments, the communication component can be
configured to decrease the defined beaconing rate based on a determination that a
communication comnection is established between the medical device and an external
device. In other cmbodiments, the communication component can be configured to
modify the defined beaconing rate based on historical data indicative of a history of
data exchanges with respect to an exiernal device. In some embodiments, the
commumnication component can be configured to modify the defined beaconing rate
based on time data indicative of a timestamp associated with the broadcast of the
advertising data packet. In other embodiments, the communication component can be
configured to modify the defined beaconing rate based on a clock associated with a
processor {e.g.. a time of data). In some cmbodiments, the defined beaconing rate can
be a first defined beaconing rate, and the communication component can be further

configured to modify the defined beaconing rate to a second defined beacoming rate

~
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based on receipt of input by the medical device. In some embodiments, the defined
beaconing rate can be a first defined beaconing rate, and the communication component
can be turther configured to modify the defined beaconing rate to a second defined
beaconing rate based on longevity data indicative of a hifespan period for a battery of
the medical device. In some embodiments, the communication component can be
configured to broadcast the advertising data packet at the defined beaconing rate via a
communication channel associated with a communication protocol utilizing a level of
energy consumption that is less than a defined threshold. In one embodiment, the
medical device can be an implantable medical device configured to be at least partially
implanted within the patient.

{00081 In another embodiment, a method 13 provided. The method can include
classifving, by a medical device comprising a processor, data for an advertising data
packet associated with the medical device. The method can also melude determining,
by the medical device, an urgency level for the advertising data packet based on the

classifving for the data. Furthermore, the method can include modulating

o, by the
medical device, a beaconing rate for the advertising data packet based on the urgency
level for the advertising data packet.

{00091 In some embodiments, the modulating the beaconing rate for the advertising
data packet can include broadcasting the advertising data packet based on the
beaconing rate associated with the urgency level for the advertising data packet. In
some embodiments, the modulating the beaconing rate for the advertising data packet
can mchude ncreasing the beaconing rate based on a determination that the urgency
level for the advertising data packet corresponds to a defined event associated with the
data. In some crabodiments, the modulating the beaconing rate for the advertising data
packet can include decreasing the beaconing rate based on a determination that the
urgeney level for the advertising data packet corresponds to a defined event associated
with the data. fo some cmbodiments, the modulating the beaconing rate for the
advertising data packet can include decreasmg the beaconing rate based on a
determination that a communication connection is established between the medical
device and an external device.

{00101 In vet another embodiment, an apparatus is provided. In some cmbodiments,

the apparatus can be an external device. The apparatus can include a memory that
4
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stores executable components; and a processor coupled to the memory and configured
to cxecute the exccutable components stored m the memory. The executable
components can include a user feedback component and a communication component.
The user feedback component can be configured to process user input data received via
the apparatus. The communication component can be configured to transmit the user
jnput data to a medical device via a first coramunication channel. The communication
component can also be configured to scan for an advertising data packet via a second
communication charmel. A beaconing rate for the advertising data packet can be
configured based on the user mput data.

{6011] In some embodiments, the communication component can be configured io
communicate with the medical device via a third communication channel based on a
determination that the advertising data packet satisfies a defined criterion. In some
embodiments, the user feedback component can be further configured to receive, via
the apparatus, data that includes the beaconing rate. In other embodiments, the user
feedback component can be further configured to receive, via the apparatus, data that
includes an interval of time for broadcasting the advertising data packet.

{6012] In onc or more additional embodiments, a non-transitory computer readable
medium is provided that includes computer executable mstructions that, based on
execution, cause an implantable device including at least one processor to perform
various opcrations. The operations can include determining a classification for data
associated with the medical device. The operations can further include adjusting
polling associated with an advertismg data packet provided by the medical device based
on the classification for the data.

{0013] In some embodiments, the operations can further include determining an
urgency level for the advertising data packet based on the classification for the data. In
some embodiments, the adjusting can include increasing or decreasing a defined
beaconing rate for the advertising data packet.

[0614] In yet another embodiment, a system includes a medical device and a device.
The medical device can include a classification component and a commumnication
component.  The classification component can be configured to determing a
classification for data included 1n an advertising data packet associated with a telemetry

communication protocol. The communication component can be configured to
5
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modulate the advertising data packet at a defined beaconing rate based on the
classification for the data. The deviee can be configured to perform telemetry
communication with the medical device using the telemetry communication protocol
and the advertising data packet.

16015) In some embodiments, the classification compounent can be configured fo
deternuine an urgency level for the advertising data packet based on the classification
for the data. In some embodiments, the communication component can be further
configured to modulate the advertising data packet at the defined beaconing rate based
on the wrgency level for the advertising data packet. In some embodiments, the
communication component is configured to broadeast the advertising data packet at the
defined beaconing rate based on the classification for the data.

16016] Other embodiments and various non-limiting examples, scenarios and
implementations are described in more detail below. The following description and the
drawings set forth certain illustrative embodiments of the specification.  These
embodiments are indicative, however, of but a few of the various ways 1n which the
principles of the specification may be emploved. Other advantages and novel featureg
of the cmbodiments described will become apparent from the followmng detailed

description of the specification when considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

{0017 FIG. 1 illustrates a schematic diagram of an example, non-limiting medical
device telemetry systemn facilitating improved telemetry between a medical device and
an external device in accordance with one or more embodiments described herein,
[0018] FIG. 2 illustrates a block diagram of an example, non-limiting medical device
in accordance with ong or more embodiments described herein,

{00191 FIG. 3 dlustrates a block diagram of an example, non-limiting external device
in accordance with one or more embodiments described herein,

{0020] FIG. 4 illostrates an example, non-hiniting medical device telemetry system
facilitating telemetry between a medical device and an external device based on an

advertising data packet in accordance with one or more embodiments described herein.
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6021] FIG, 5llustrates example, non-limiting urgency modulated beaconing rates for
a medical device telemetry system in accordance with one or more cmbodiments
described herein,

00221 FIG. 6 dlustrates an example, non-limiting medical device n accordance with
one or more embodiments described herein.

[0023] FIGs. 7, 8, 9 and 19 illustraic flow diagrams of example, non-limiting methods
facilitating improved telemetry between a medical device and an external device in
accordance with one or more embodiments described hereim.

{0024] FIG. 11 illustrates a block diagram of an example, non-limiting computer
operable to facilitate improved telemetry between a medical device and an external

device in accordance with one or more embodiments described herein.

DETAILED DESCRIPTION
{00251 The following detailed description is merely llustrative and is not mtended to
Limit embodiments and/or application or uses of embodiments. Fuorthermore, there is no
intention to be bound by any expressed or implied information presented in the
preceding Technical Ficld, Background or Summary sections, or in the Detatled
Description section.
16026] One or more embodiments are now described with reference to the drawings,
wherein like referenced numerals are used to refer to like clements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a more thorough understandmmg of the one or more
embodiments. It is cvident. however, in various cases, that the one or more
ermbodiments can be practiced without these specific details.

<

[0027] Additionally, the following description refers to components being “connected”
and/or “coupled” to one another. As used herein, unless expressly stated otherwise, the
terms “connected” and/or “coupled” mean that one component is directly or indirectly
connected to another component, mechanically, electrically, wirelessly, inductively or
otherwise.  Thus, although the figures may depict example arrangements of
components, additional and/or mtervening components may be present 10 one or more

embodiments.
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{6028] With reference now to the drawings, FEG. 1 ilustrates a schematic diagram of
an example, non-fimiting medical device telemetry system 100 facilitating improved
telemetry between a medical device and an external device 1n accordance with one or
more embodiments described herein.  In the embodiment shown, medical device
telemetry system 100 includes a medical device 104 associated with a body 102, and an
extemnal device 116, In some embodiments, as shown, the medical device 104 can be
an IMD that 1s implanted within the body 102, However, in another embodiment, the
medical device 104 can be an mstrument that 1s employed externally from or on the
body 102, In vet another example, the medical device 104 can be separate from an
IMD {not shown n this embodiment} that 1s also mplanted within the body 102 and
communicatively and/or electrically coupled to the IMD.  Embodiments of devices,
apparates and systoms herein can include one or more machme-executable components
embodicd within one or morc machines {¢.g., embodied in one or morc computer-
readable storage media associated with one or more machines). Such components,
when executed by the one or more machines (e.g., processors, computers, computing
devices, virtual machines, etc.) can cause the one or morg machines to pedform the
operations described. In some embodiments, the medical device 104 can be configured
to facilitate one or more diagnostic functions or treatment functions relative to the body
162,

{0029] One or more embodiments of medical device telemetry system 100 are
described in connection with facilitating telemetry between the medical device 104 and
the external device 116, The medical device 104 can commumicate with the external
device 116 using an advertising data packet. In an embodiment, the medical device 104
can communicate with the external device 116 based on a modulated beaconing rate for
an advertising data packet. For instance, a ratec for repeatedly broadcasting an
advertising data packet can be varied. In one example, an advertising data packet
broadcasted at a first beaconing rate can be modified to broadcast at a second
beaconing rate. In some embodiments, the beaconing rate for an advertising data
packet can be modulated based on an urgency level for the advertising data packet. In
certain emabodiments, a "beaconing rate” can be referred to as a "elemetry rate”.

{6030] In onc cmbodiment, the urgency level can be determined based on a

classification of data associated with the medical device 104, For instance, the urgency
8
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level can be determined based on a classification for data generated by the medical
device 104 and/or data cmploved by the medical device 104, In one exarple,
classification for the data can include identifving a type of the data, assigning the data
to a group, identifying one or more characteristics of the data, determuning a value of
the data, and/or determining whether the data satisties a defined threshold.

{0031] In another embodiment, the urgency lovel can be selected from a set of urgency
levels that includes different types of urgency levels. The set of urgency fevels can, n
one example, include a first urgency level {e.g., a low urgency level) associated with a
first beaconing rate, a sccond urgency level (¢.g., a moderate urgency level) associated
with a second beaconing rate, and a third urgency level {e.g., an mmediate urgency
level) associated with a third beaconing rate. However, it 18 to be appreciated that the
set of urgency levels can include any nomber of different urgency levels.

{0032] In some embodiments, the medical device 104 can be configured to detect the
ditferent types of urgency levels in the set of urgency levels. The medical device 104
can also modify a beaconing rate of an advertising data packet in correspondence to
the ureency. Accordingly, different beaconing rates can correspond to different levels
of urgency.

{66331 In an embodiment, the data associated with the medical device 104 can be
included in the advertising data packet. An advertising data packet generated by the
medical device 104 can be a data packet employed for advertising information to other
devices {e.g., the external device 116). For example, the medical device 104 can
broadcast certain data to share with other devices {¢.g., the external device 116} via an
advertising data packet. In one example, an advertising data packet can mchude the
classificd data to facilitate transmission of the classified data to other devices {e.z, the
external device 116).

[0034] An advertising packet can include one or more types or scctions of data that
include information for other devices in close proximity to the medical device 104 that
broadcasts the advertising data packet. For instance, an advertising data packet can
melude the classified data associated with the medical device 104, The classified data
can be the data classified by the medical device 104, the data generated by the medical

device 104 and/or the data received by the medical deviee 104, Therefore, the

9
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classified data associated with the medical device 104 can be shared with the other
devices (¢.g., the external device 116).

{6035] In an aspect, an advertising data packet can facilitate a connection between the
medical device 104 and the external device 116 that receives the advertising data
packet. In cortain embodiments, the advertising data packet can include a header
portion and a data portion that can be read by other devices (e.g., the external device
116} to deternune whether the other devices should connect to the medical device 104,
For example, the other devices {e.g., the external device 116} can establish a connection
with the medical device 104 in response o a determination that the header portion
includes information relevant to the other devices {¢.g., the external device 116).
However, the other devices {(e.g., the external device 116} can withhold from
establishing a connection with the medical device 104 in response 1o a determination
that the header portion does not include information relevant to the other devices {c.g.,
the external device 116),

{0036] The medical device 104 can include one or more devices, transducers and/or
circuits that can convert information from one format to another format. In some
embodiments, the medical device 104 can include a device, a transducer and/or a circuit
that can convert a signal associated with particular data for the medical device 104 (or,
in embodiments in which the medical device 104 5 an IMD, alternatively or
additionally, the status of the IMD) to information for transmission by the medical
device 104 (or gencrally to another signal of any number of different formats suitable
for reception by the external device 116). The medical device 104 can also inclade one
or more power supplies. For stance, the medical device can include a battery that
supplics power to the one or more devices, transducers and/or circurts,

{60377 A beaconing rate of the advertising data packet broadcasied by the medical
device 104 can be dynamically modified from time to time and/or based on ong or more
conditions. For cxample, an advertising data packet broadeasted by the medical device
104 can be associated with dvnamic telemetry polling where a beaconing rate of the
advertising data packet can be varied.

6038] In an cmbodiment, a beaconing rate of the advertising data packet can vary
based on the data associated with the medical device 104 (c.g.. the classified data

associated with the medical device 104} and/or the advertismg data packet. For
10
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example, a beaconing rate of the advertising data packet can vary based on medical
data associated with the medical device 104, remote monitoring data associated with
the medical device 104, patient data associated with the medical device 104 or other
data associated with the medical device 104. In an aspect, a beaconing rate for an
advertising data packet that includes medical data can be determined based on a
particular classification and/or urgency lovel for the medical data. In another aspect, a
beaconing rate for an advertising data packet that mcludes remote monitoring data can
be determined based on a particular classification and/or urgency level for the remote
monttoring data. v vet another aspect, a beaconing rate for an advertising data packet
that includes patient data can be determined based on a particular classification and/or
urgeney level for the patient data. In certain embodiments, transmission power
associated with the advertising data packet can additionally or alternatively be modified
based on a particular classification and/or urgency level for the medical data. For
ingtance, the advertising data packet can be transmitied at a first transmission power
level based on a first classification and/or a first urgency level for the medical data, and
the advertising data packet can be transmitted at a second transmission power level
based on a sccond classification and/or a second urgency level for the medical data. In
one e¢xample, the second transmussion power level can be less than the first
transmission power level. Alternatively, the second transmission power level can be
greater than the first transmission power level. Medical data can include medical data
read or otherwise obtained by the medical device 104 (e g.. cardiac monitonng data,
pacemaker monitoring data, glucose monitoring data, etc.), clectrical signals sensed
and/or generated by the medical device 104, a voltage or current provided by the
medical device 104 and/or a medical dosage provided by the medical device 104

Patient data can mclude, for example, a name of a patient, a date of birth of a patient, a

medical history associated with a patient, a medical identification or number associated
with the patient or the like. Remote monitoring data can include, for exanmple, analysis
data associated with the medical device 104 and/or a patient, monitoring data for a
condition associated with the medical device 104 and/or the body 102 of the patient,
eic.

{60391 In another cmbodiment, a beaconing rate of the advertising data packet can vary

based on tvpe of data bemg momtored by the medical device 104, For example, a
i1
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beaconing rate for the advertising data packet can be moreased or decreased in response
to a determination that a particular type of data is being monitored by the medical
device 104. In a non-limiting example, a beaconing rate for the advertising data packet
can be increased or decreased in response to a determmation that a particular medical
data {c.g., a particelar cardiac data} is being monitored by the medical device 104,

Additionally or alternatively, a beaconing rate of the advertising data packet can vary
based on a determined reason for monitormg data associated with the medical device
104, For example, a beaconing rate for the advertising data packet can be increased or
decreased in response to a determunation that a particular condition for a patient is
being monitored by the medical device 104, In a non-limiting example, a beaconing
rate for the advertising data packet can be increased or decreased in response to a
determination that a patient s being monitored for a particular type of medical
condition via the medical device 104,

[0040] Additionally or alternatively, in cerfamm embodiments, the medical device 104
can employ a fixed polling mterval for broadcasting an advertising data packet and/or
can adjust the fixed polling mterval to allow for increased polling based on detection of
a defined event associated with the medical device 104, For instance, the fixed polling
interval can be related to a start time and a stop time for repeatedly broadcasting the
advertising data packet. Moreover, a beaconing rate can be a rate for broadcasting an
advertising data packet during the fixed polling interval. For example, an advertising
data packet can be broadcasted at a particular frequency of occurrence during the fixed
polling interval.

{0041] In onc example, the fixed polling mterval and/or a beacoming ratc of an
advertising data packet can be adjusted based on timestamp associated with an
advertising data packet (e.g., based on a time of day associated with transmission of an
advertising data packet) to facilitate svnchronization of polling with respect to the
medical device 104 and the external device 116, In another example, the fixed polling
interval and/or a beacoming rate of an advertising data packet can be adjusied based on
feedback data provided by the external device 116 {¢.g., a physician associated with the
external device 116 can adjust the fixed polling interval and/or a beaconing rate of an
advertising data packet based on longevity tradeoff). In certain embodiments, the

medical device 104 and/or the extemal device 116 can provide a patient {(¢.g., a patient
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associated with the body 102) with information related to timing for an expecied
connection between the medical device 104 and the external device 116 based on other
information related to a last successful connection between the medical device 104 and
the external device 116,

160421 In an aspect, the medical device 104 can insert the data associated with the
medical device 104 {c.g., medical data, remote monitoring data, patient data, ¢tc ) info
the advertising data packet. For example, the medical device 104 can generate data
associated with the medical device 104, In some embodiments, generating the data can
melude can encoding the data associated with the medical deviee 104 into the
advertising data packet.

{00431 The medical device 104 can also broadcast the advertismg data packet at a
defined beaconing rate determined based on the data associated with the medical device
104 {c.z., medical data, remote monitoring data, patient data, ¢tc.). For example, the
medical device 104 can broadcast the advertising data packet at a defined beaconing
rate during a defined interval of tmme. As such, in some embodiments, the external
device 116 can be provided an opportunity to recetve the advertising data packet during
the defined interval of time.

{6044] In a non-limiting example, the medical device 104 can broadcast an advertising
data packet at a first defined beaconing rate. For examplie, the first defined beaconing
rate can be a defined number of times per defined time period {e.g., once or twice per
day}. The first defined beaconing rate can be based on a determination that the medical
device is not associated with an urgent condition associated with a particular urgency
level or an urgent ovent associated with a particular argency level.

{0045] Furthormore, the medical device 104 can broadcast an advertising data packet at
a second defined beacomng rate {¢.g., once or twice per hour) based on a determination
that the medical device is associated with a medium urgency condition associated with
a particilar urgency level or 2 medivm urgency cvent associated with a particular
urgency level such as, for example, a sustained atnial fibrillation episode.

{8046] The medical device 104 can altematively broadcast an advertising data packet at
a third defined beaconing rate {¢.g., continuously) based on a determination that the
medical device is associated with an immediate urgency condition associated with a

particular urgency level or an immediate urgency event associated with a particular
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urgency level such as, for example, a ventricular tachycardia episode, a ventricular
fibrillation episode, criticallv low blood sugar, a myvocardial infarction, or another tvpe
of medical condition crtical to well being of the body 102, Tn an embodiment, the
medical device 104 can return a beaconing rate for an advertismg data packet 1o a
stower rate based on a determination that a connection 1s established with the external
device 116 and/or that data 15 suceessfully transferred to the external device 116.

{0047] The external device 116 can scan for the adveriising data packet associated with
the medical device 104 {e.g., without connecting to the medical device 104). For
example, the oxternal device 116 can include a receiver that can monttor for the
advertising data packet generated by the medical device 104, Ag such, if the external
device 116 is within a certain range from the medical device 104 and detects the
advertistng data packet, the external device 116 can obtain the data associated with the
medical device 104 without connecting to the medical device 104,

664871 In some embodiments, the external device 116 can establish a commumication
link with the medical device 104 based on the advertising data packet. For instance, the
advertising data packet can include information indicative of a request to establish the
communication hink with the medical device 104, In one example, the advertising data
packet can nclude an identifier for a particular communication channel. In another
example, the advertising data packet can include an identifier for network device
associated with a particular communication channel.

80491 After establishment of the conununication link between the medical device 104
and the external device 116, m some embodiments, the external device 116 and the
medical device 104 can exchange one or more data packets. For example, after a
communication link is established between the external device 116 and the medical
device 104 {c.g., based on detection by the external device 116 of an advertising data
packet that includes data associated with the medical device 104), the external device
116 can communicate with the medical device 104 to exchange data with the medical
device 104, In a non-himiting example, the external device 116 can read data captured
by the medical device 104 (e g., electrogram data, etc.} during the communication. The
medical device 104 can also transmit seunsed physiclogical data, diagnostic
determinations made based on the sensed physiological data, medical device 104

performance data and/or medical device 104 mtegrity data to the external device 116,
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{6030] By emploving the beaconing rate that is determined based on the classification
ot the data associated with the medical device 104, performance of the power supply
{c.g., the one or more power sources, the batiery) mcluded 1n the medical device 104
can be mmproved. For instance, frequency of cononections and/or number of
unnegessary connections between the medical device 104 and the external device 118
can be reduced by emploving the dvnamic beaconing rate, thereby conserving power of
the power supply {¢.g., the one or more power sources, the battery) of the medical
device 104, Moreover, data associated with the medical device 104 can be mdicated to
an external device using minimal power consumption, ¢.g.. by not requiring a
communication session to be established by the medical device 104 1o receive
information, but instead dyvnamically transmitting the data associated with the medical
device 104 within the advertising packet. Further, in some embodiments, the proccssor
and/or memory operations of the medical device 104 and/or the external device 116 can
operate more efficiently due to reduction in processes for unnecessary connections
between the external device 116 and the medical device 104

§6051] Data associated with the medical device 104 can also be provided to a wide
variety of external devices, including, but not limited to, a tablet computer associated
with a patient or a physician, a smart phone associated with a patient or a physician, a
medical device asscciated with a patient or a physician, an clecironic device at a home
of a patient or at an office of a physician, an off-the-shelf device purchased at a store,
ctc. Additionally, in some embodiments, compatibility between the medical device 104
and external devices can be increased by allowing the data associated with the medical
device 104 to be meluded m an advertising data packet that can be received by any
external device through the utilization of a commumnication protocol, such as. but not
Iimited to, the BLUETOOTH® low energy commumication protocol.

100521 In the example shown in medical device telemetry systermn 100, a person
operating the external device 116 can be a patient in which the medical device 104 15
implanted. In another example, ancther person {e.g., such as medical carcgiver)
interacting with the patient m which the medical device 104 is implanted can operate
the external device 116 cutside the body 102 in which the medical device 104 ig
located. In various embodiments, the medical device 104 can include any number of

different types of medical devices configured to communicate with the external device
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116 or another external device. The particular, size, shape, placement and/or function
of the medical device 104 may vot be critical to the subject disclosure in some
embodiments.

{66331 In one embodiment, as mentioned, the medical device 104 is or includes an
IMD. For example, some example iIMDs can include, but are not himited o, cardiac
pacemakers, cardiac defibrillators, cardiac ro-synchronization devices, cardiac
monitoring devices, cardiac pressure monttoring devices, spinal stimulation devices,
neural stimulation devices, gastric stimulation devices, diabetes pumps, drug debivery
devices, and/or any other medical devices. In various embodiments, however, the
medical device 104 can be or include any number of other types of implantable devices
that are not IMDs.

{00541 For exemplary purposes, the medical device 104 is llustrated in medical device
telemetry system 100 as an IMD mmplanted within the chest of a paticnt and configured
to provide medical treatment associated with a heart disease or condition {e.g., an
mmplantable cardigverter-defibrillator (JCD) and/or a pacemaker). In addition to the
medical treatment, the medical device 104 can also be configured to provide the data
packetizing and communication operations described herein. The medical device 104
includes a housing 106 within which electrical components and one or more power
sources are housed. The electrical components can be powered via the one or more
power sources. A power source (not shown) can mclude, but is not limited 1o, a
battery, a capacitor, a charge pump, a mechamcally derived power source {(e.g.,
microelectromechanical systerns (MEMs) device), or an induction component. The
various embodiments described herein can provide improved management of power
associated with the one or more power sources.

{00351 The clectrnical components can vary depending on the particular features and
functionality of the medical device 104, In vartous embodiments, these eloctrical
component can nclude, but are not limited {0, one Or More processors, MeEmMorics,
fransmitters, receivers, fransecivers, sensors, sensing circuitry, therapy circuitry,
antennas and other components. In an embodiment, the electrical components can be
formed on or within a substrate that is placed mside the housing 106. The housing 106
can be formed from conductive matenals, non-conductive materials or a combination

thereof. For example, housing 106 can include a conductive material, such as metal or
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metal alloy, a non-conductive material such as glass, plastic, ceramic, etc, or a
combmation of conductive and non-conductive materials. In some embodiments, the
housing 106 can be a biocompatible housing {e.g., a liquid crystal polvmer, etc.).

{66361 In the embodiment shown, the medical device 104 1s also an IMD and farther
includes feads 110ab connected to the housing 106, The leads 110ab extend mto the
heart and respectively include one or more electrodes. For example, as depicted
medical device telemetry system 100, leads 110ab each include a respective tip
clectrodes 112a.b and ring electrodes 114a.b located near a distal end of their respective
lcads 110ab. When implanted, tip electrodes 112a.b and/or ring clectrodes 114ab are
placed relative o or in a selected tissue, muscle, nerve or other location within the body
102 of the patient. As depicted in medical device telemetry system 100, tip electrodes
112a,b are extendable helically shaped electrodes to facilitate fixation of the distal end
of leads 110a.b to the target Jocation within the body 102 of the patient. In this manuer,
fip electrodes 112ab are formed fo define a fixation mechanmism.  In other
cmbodiments, one or both of tip electrodes 112ab may be formed to define fixation
mechanisms of other stracturgs. In other tostances, leads 10ab may mehide a fixation
mechanisim separate from tip electrodes 112ab.  Fixation mechanisms can be any
appropriate type, mcluding a grapple mechanism, a helical or screw mechanism, a
drug-coated connection mechanism in which the drog serves to reduce infection and/or
swelling of the tissue, or other attachment mechanism.

{0057 Leads 110ab are connected at a proximal end of the medical device 104 via
connector block 108, Connector block 108 may include one or more receptacles that
interconnect with one or more connector terminals located on the proximal end of leads
110ab. Leads 110ab arc nltimately clectrically connected to one or more of the
electrical components within housing 106, One or more conductors (not shown) extend
within leads 110ab from connector block 108 along the length of the lead to engage the
ring clectrodes 114ab and tip clectrodes 112a,b, respectively. In this manner, each of
fip electrodes 112a.b and ring electrodes 114ab is electnically coupled 1o a respective
conductor withm its associated lead bodies. For example, a first electrical conductor
can exiend along the length of the body of lead 110a from connector block 108 and
electrically couple to tip electrode 112a and a second clectrical conductor can extend

along the length of the body of lead 110a from connector block 108 and electrically
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couple to ring electrode 1i4a. The respective conductors may ¢lectrically couple to
circuitry, such as a therapy module or a sensing module, of the medical device 104 via
connections in connector block 108.

00381 In one or more embodiments, the medical device 104 1s configured to deliver
therapy to the heart {or other location) via the electrical conductors to one or more of
clectrodes 112a,b and 114ab. In the casc of pacing therapy, for example, the medical
device 104 may deliver pacing pulses via a unipolar electrode configuration, ¢.g., using
clectrodes 112ab and a bousing electrode of the medical device 104, In other
instances, the medical device 104 may deliver pacing pulses via a bipolar clectrode
configuration, ¢.g., using electrodes 112a,b and ring electrodes 114ab. Medical device
104 may also receive sensed electrical signals on the electrical conductors from one or
more of electrodes 112ab and 114ab. The medical device 104 may sense the electrical
signals using cither a unipolar or bipolar clectrode configuration.

{00391 The configuration, features and functionality of medical device 104 are merely
provided as an example. In other examples, the medical device 104 can melude more
or fewer leads extending from the housing 106, For example, the medical device 104
can be coupled to three leads. ¢.g., a third lead implanted within a left ventricle of the
heart of the paticnt. In another example, the medical device 104 can be coupled to a
single lead that is mmplanted within the ventricle of the heart of the patient. In other
embodiments, the lead mav be an extravascular lead with the eclectrodes taplanted
subcutancously above the nbcage/sternum or undemeath or below the sternum.
Example extravascular ICDs having subcutancous electrodes are described in U.S.
Patent Publication No. 2014/0214104 (Greenhut et al ) and U.S. Patent Publication No.
2015/0133951 (Scifert ¢t al). One example extravascular ICD having substernal
electrodes 1s described in U.S. Patent Publication No. 2014/0330327 (Thompson-
Nauman et al.}. In some embodiments, the medical device 104 can melude other leads
(c.g., atnal lcad and/or left ventricular lead). As such, medical device 104 can be used
for single chamber or multi-chamber cardiac rhythm management therapy. In addition
to more or fewer leads, cach of the leads mayv mclode more or fewer electrodes. In
instances in which the medical device 104 1s used for therapy other than pacing, (¢.g..
defibrillation or cardioversion), the leads can include elongated clectrodes, which may,

m some mstances, take the form of a cotl. The medical device 104 can debver
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defibriliation or cardioversion shocks to the heart via any combination of the elongated
clectrodes and housing electrode.  As another example, the medical device 104 can
include leads with a pluraiity of ring electrodes, (e.g.. as used in some mplantable
newrostimulators), withowut a tip electrode or with one of the ring electrodes fanctioning
as the “tip electrode.”

{0060] In another embodiment, the medical device 104 may include no leads, as in the
case of an intracardiac pacemaker or a leadless pressure sensor. In the case of an
intracardiac pacemaker, the device may include a housing sized to fit wholly within the
patient’s heart. In one cxample, the housing may have a volume that is less than 1.5 ¢cc
and, more preferably, less than 1.0 cubic centimeter {cc). However, the housing may
be greater than or equal to 1.5 cc m other examples. The intracardiac pacemaker
includes at least two electrodes spaced apart along the cuter portion of the housing for
sensing cardiac eclectrogram signals and/or delivering pacing pulses.  Example
intracardiac pacemakers are described in commonly-assigned 1.5, Patent Publication
No. 2012/0172690 (Anderson et al}, U.S. Patent Publication No. 2012/0172941
(Kenneth), and U S. Patent Publication No. 2014/0214 104 {(Greenhut et al). In the case
of a lecadless pressure sensor, the device may melude a bousing having a fixation
member and a pressure sensing component. One example of a leadless pressure sensor
is described m U.S. Patent Publication No. 2012/0108922 (Schel et al.).

{0061] External device 116 can mmclude any suitable computing device configured 1o
communicate with medical device 104, In some embodiments, the external device 116
can be a remote electronic device. For example, external device 116 can mclude, but is
not limited fo, a handheld computing device, a mobile phone, a smast phone, a tablet
personal computer (PC), a laptop computer, a desktop computer, a personal digital
assistant {(PDA} and/or a wearable device. In some embodiments, the external device
116 can melude a display that can present data associated with the medical device 104
In another embodiment, the external device 116 can include an application and/or a
program associated with the medical device 104,

0062] FIG. 2 illustrates a block diagram of an example, non-limiting medical devics
(¢.g., medical device 104} n accordance with one or more embodiments described
herein.  The medical device 104 includes a classification component 202, a

communication component 204, a control component 206, a therapy delivery
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component 208 and/or an elecirical sensing component 210, Aspects of the systems,
apparatuses or processes explained in this disclosure can constitute machine-executable
component(s} embodied within machine(s), ¢.g., embodied 1n one or more computer
readable mediums {or media) associated with one or more machines.  Such
component(s), when executed by the one or more machines, e.g., computer(s),
computing device(s), virtual machine(s), etc. can cause the machine(s) to perform the
operations described.  Medical device 104 can imclude a memory 212 for storing
compuier executable components and mstructions.  Medical device 104 can further
include a processor 214 to facilitate operation of the mstructions {e.g., computer
executable components and mstructions) by medical device 104, Medical device 104
can also include a bus 216 that couples the various components of the medical device
104, including, but not hmited to, the ¢lassification component 202, the communication
component 204, the control comaponent 206, the therapy delivery component 208, the
clectrical sensing component 210, the memory 212 and/or the processor 214,
Repetitive description of like elements employed in other embodiments described
herein 1s omitied for sake of brevity.

{0063] In some embodiments, one or more of the classification component 202 and/or
the communication component 204 of the medical device 104 can facilitate a reduction
in current emploved by the medical device 104 while increasing hikelihood of a
connection with the external device 116, For instance, the classification component
202 and/or the communication component 204 of the medical device 104 can be
cmploved to determine an appropriate beaconmg rate for an advertising data packet
broadcasted by the medical device 104 based on a classification of data associated with
the advertising data packet and/or the medical device 104, In an embodiment, the
classification component 202 can determine a classification for data associated with the
medical device 104, For instance, the classification component 202 can determme a
classification for data gencrated by the medical device 104, Data generated by the
medical device 104 can nclude, for example, medical data generated by the medical
device 104, remote monitoring data generated by the medical device 104, patient data
generated by the medical device 104, status data generated by the medical device 104
and/or other data gencrated by the medical device 104, Medical data can include

medical data read or otherwise obtained by the medical device 104, electrical signals
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sensed and/or generated by the medical device 104, 3 voltage or current provided by the
medical device 104 and/or a medical dosage provided by the medical device 104
Remote momifoning data can include, tor example, analvsis data associated with the
medical device 104 and/or a patient, monitormg data for a condition associated with the
medical device 104 and/or the body 102 of the patient. Patient data can include, for
cxample, a name of a paticnt, a date of birth of a patient, a medical history associated

with a patient, a medical identification or number associated with the patient or the

Q

like. Status data can include, for example, a status of the medical device 104 (e.g

=38}

a
particular mode of the medical device 104, a particular type of processing being
performed by the medical device, a particular tvpe of data being processed by the
medical device 104, etc}, a processing status of the medical device 104 (eg., a
completion percentage for processing performed by the medical device 104, a3
performance characteristic of processing by the medical device, etc.), a power status of
the medical device 104 {¢.g., a powered-on state of the medical device 104, a powered-
off state of the medical device, longevity information for a power source of the medical
device 104, a power capacity of a power source of the medical device 104, etc ). a
software version status of the medical device 104, a status of component(s) included n
the medical device 104 or the like. Additionally or alternatively, the classification
component 202 can determine a classification for data received by the medical device
104. Data received by the medical device 104 can include, for example, medical data
received by the medical device 104, remote monitoring data received by the medical
device 104, patient data received by the medical device 104, status data received by the
medical device 104 and/or other data received by the medical device 104,

{#064] The classification component 202 can also determine an urgency level for an
advertising data packet generated and/or broadeasted by the medical device 104, The
classification component 202 can determing an urgency level for an advertising data
packet based on the classification for the data. In certain cmbodiments, the
classification component 202 can additionally or alternatively deternune a defined
event or a defined condition assocrated with the data. For instance, the classification
component 202 can determine whether the data satisfies a defined criterion that
corresponds to a defined event or a defined condition. In an aspect, an urgency level for

an advertising data packet can correspond to a defined event associated with the
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medical device 104, A defined event or a defined condition can be, for example, a
defined medical cvent associated with the data generated by the medical deviee 104, In
one example, a defined medical event can be associated with a cardiac thyvthm reading
for physioclogical data sensed by the medical device 104. In another example, a defined
medical event can be associated with sensed electrical signals on electrical conductors
from the one or more of clectrodes 112a,b and 114ab. Additionally or aliematively, a
defined event can be a processing event associated with the medical device 104, For
instance, a processing event associated with the medical device 104 can be related to
processing performance of onc or more components included 1o the medical device
104, Processing performance can include, for example, a number of processing cycles
performed by the one or more components included i the medical device 104, voltage
levels for the one or more components included m the medical device 104, current
levels for the one or more components included in the medical device 104, ete.

[0065] In one example, the classification component 202 can determine the data
associated with the medical device 104 via one or more components of the medical
device 104 and/or one or more components in communication with the medical device
104. For example, in an vaplementation, the classification component 202 can retricve
data associated with the medical device 104 from memory {c.g., memory 212}, the
control component 206 or the clectrical sensing component 210, In another example,
the classification component 202 can receive data associated with the medical device
104 from another component mcluded in the medical device 104, By way of example,
but not limitation, a detection component of an IMD, for example, can detect and/or
read one or more signals or other measurement data that can then be obtained by the
classification component 202,

{0066] The commumication component 204 can be configured to generate and/or
broadeast an advertising data packet associated with the medical device 104. In an
cmbodiment, the communication component 204 can broadcast an advertising data
packet for the medical device 104 at a defined beaconing rate based on the urgency
level for the advertising data packet that 1s determined by the classification component
202, For instance, the communication component 204 can broadeast the advertising
data packet via modulation of the broadcast at the defined beaconing rate.  The

communication component 204 can, for example, modify the defined beaconing rate
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from a first defined beaconing rate to a second defined beaconing rate. For instance,
the communication component 204 can increase the defined beaconing rate based on a
determination that the urgency level for the advertising data packet corresponds to a
defined event associated with the data.  Alternatively, the commuunication component
204 can decrease the defined beaconing rate based on a determination that the urgency
level for the advertising data packet corresponds to a defined event associated with the
data. In another example, the communication component 204 can decrease the defined
beaconmg rate based on a determination that a communication connection is
established between the medical device 104 and the external device 116.

{6067] In an cmbodiment, the communication component 204 can modify the defined
beaconing ratc based on time data indicative of a timestamp associated with the
broadeast of the advertising data packet. For mstance, the communication component
204 can decrease the defined beaconing rate or increase the defined beaconing rate
based on a timestamp associated with the broadcast of the advertising data packet by
the medical device 104, In another embodiment, the communication component 204
can modify the defined beaconing rate based on time data indicative of a clock value
for a clock associated with a processor {e.2., processor 214} of the medical device 104,
For mstance, the communication component 204 can modify the defined beaconing rate
and/or transmit the advertising data packet at a defined time of day {(e.g., increase a
beaconing rate of the advertising data packet and/or begin transmitting the advertising
at a defined beaconing rate at Spm, eic.). In one example, based on a determination that
a time of day of the broadcast satisfies a defined criterion, the commumication
component 204 can decrease the defined beacoming rate.  For instance, the
communication component 204 can decrease the defined beaconing rate in the morning
and/or increase the defined beacoming rate n the middie of the mght.

{00681 In another embodiment, the communication component 204 can modify the
detined beaconing rate based on historical data indicative of a history of data exchanges
with respect to the external device 116, For example, the communication component
204 can modify the defined beaconing rate based on a history of previously successful
connections between the medical device 104 and the extemnal device 116 Im vet
another cmbodiment, the communication component 204 can modify the defined

beaconing rate based on receipt of user mput by the medical device 104, For mstance,
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user input can be received by the external device 116 or an external device. The user
nput can be related to a defined beaconing rate for an advertising data packet and/or a
defined interval of time for broadcasting an advertising data packet. In an aspect, the
external device 116 or the other device associated with the user mput can transmit data
indicative of the user input to the medical device {04, In ancther aspect, the user mput
can include one or more priornity schemes for an advertising data packet. For example,
a user {e.g., a doctor, etc.} can employ the external device to set a different setiing for
the medical device 104, Based on the different setting associated with the user mput,
the classification component 202 can modify an urgency level for the advertising data
packet.

{00691 In yet another embodiment, the communication component 204 can modify the
defined beaconing rate based on longevity data indicative of a lifespan period for a
battery of the medical device 104, For instance, a total number of advertising data
packets and/or rate of advertising data packets broadcasted by the commumication
component 204 can be determined based on the longevity data.

16078] In certain cmbodiments, the communication component 204 can modify
transnussion power associated with an advertising data packet for the medical device
104 based on the urgency level for the advertising data packet that is determined by the
classification component 202. For instance, the communication component 204 can
broadcast the advertising data packet at a first transmission power level based on a first
urgency level for the advertising data packet that 18 determined by the classification
commponent 202, and the communication component 204 can broadcast the advertising
data packet at a second transmission power level based on a second urgency level for
the advertising data packet that is determined by the classification component 202, In
one e¢xample, the second transmussion power fevel can be less than the first
transmission power level. Alternatively, the second transmission power level can be
greater than the first transmission power level.

[0071] In an aspect, the communication component 204 can include a packet generator,
a transmitter, a frequency modidator, and/or other circuitry configured to generate the
advertising data packet using the defined beaconing rate determined based on the
urgency level for the advertising data packet. The advertising data packet can be

configured for transmission over an advertising communication channel. In some
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embodiments, the advertising communication channe! can be a communication channel
that 1s associated with a particular frequency employed for broadcast of mformation. In
various embodiments, the advertising commumnication channel described herein can be a
2402 megahertz (M2} communication channel, a 2426 MHz communication channel
and/or a 2480 MHz communication channel. The particular frequencies provided are
mere gxamples and, in other embodiments, the advertising commumnication channel can
be located at any number of other different frequencies.

§6072] The comnnmication component 204 can wirelessly transmit the advertising data
packet associated with the medical device 104 For instance, the communication
component 204 can wirelesaly transmit from the bodv 102 the advertising data packet
associated with the medical device 104, In one example, the communication
component 204 can transmit the advertising data packet that inchides the data
associated with the medical device 104 during a defined period of time. In another
example, the communication component 204 can transmit the advertising data packet
one or more times during a defined period of time to advertise the advertisimg data
packet to an external device {e.g., the external device 116). In some embodiments, the
communication component 204 can sequentially transmit the advertising data packet
associated with the medical device 104 via two or more advertising communication
channels. For example, the communication compounent 204 can sequentially transmit
the advertising data packet via a first advertising convnunication channel (e.g., a 2402
MHz communication channel), a second advertising communication channel {eg., a
2426 MHz communication channel) and/or a third advertising commaunication channel
(¢.g.. a 2480 MHz communication channel). In another example, the communication
component 204 can concurrently transmit the advertising data packet associated with
the medical device 104 via two or more of the advertising communication channels.
For example, the communication component 204 can concurrently transmit the
advertising data packet that mcludes the data associated with the medical device 104
via a first advertising communication channel {e.g., a 2402 MHz commumication
channel), a second advertising communication channel {(eg., a 2426 Mz
communication channel} and/or a third advertising communication channel {eg., a

2480 MHz communication channcl).
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60731 The communication component 204 can transmit the advertising data packet via
an advertising commuucation channel associated with a communication protocol
utilizing lower energy consumption than a conventional communication protocol for
wirclessly transmitting data. In a non-hmiting example, the communication component
204 can transmait the advertising data packet via an advertising communication channel
associated with a BLUETOOTH® low cnergy (BLE) protocol. The communication
component 204 can additionally or aliematively establish, via a commumnication channe
that different than the advertising communication channel associated with the
advertising data packet, a wireless communication link with the external device 116,
Based on establishing the wircless communication Ik, the classification component
202 can modify the defined beaconing rate. For mstance, the classification component
202 can reduce the defined beaconing rate for the advertising data packet based on a
deternuination that the wircless communication link is established with the extemal
device 116. In one embodiment, the medical device 104 can connect to {e.g., actively
communicate with) the external device 116, transmit data directly to the external device
116 and/or recerve data from the extemal device 116 via the wireless communication
tink. For example, the external device 116 can read data captured by the medical
device 104 (e.g., electrogram data) via the wireless communication ink. Tn another
example, the medical device 104 can transmit sensed physiological data, diagnostic
deternuinations made bascd on the sensed physiological data, medical device 104
performance data and/or medical device 104 miegrity data to external device 116 via
the wireless comnmumication link.

6074] With reference to FIGs. 1 and 2, in some embodiments, the control component
206 can communicate with the therapy delivery component 208 and/or the clectrical
sensing component 210. For example, the control component 206 can communicate
with the therapy delivery component 208 and/or the electrical sensing component 210
to facilitate sensing of cardiac clecirical activity, detection of cardiac rhvihms, and
gencration of electrical stimulation therapies based on sensed signals. The therapv
delivery component 208 can be, for example, electrically coupled to tip electrodes
112ab, ring electrodes 114dab and/or the housing 106 to deliver electrical stimulation
therapies such as cardioversion—defibrillation (CV/DF) shocks. In some examples, the

therapy delivery component 208 can be additionally coupled to tip ¢lectrodes 112ab
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and/or ring clectrodes 1idab for use in delivering therapy and/or dehivening mild
electrical stimulation to generate a patient alert.

{6075] The clectrical sensing component 210 can be electrnicallv coupled to tip
electrodes 112ab and ring electrodes 114ab carried by leads 110ab and housing 106,
which may serve as a comumnon or ground electrode. The electrical sensing component
210 can be selectively coupled to tip electrodes 112ab, rning ¢lectrodes 114a.b and/or
the housing 106 i order to, for example, monitor electrical activity of the patient’s
heart {c.g., electrical activity associated with tip electrodes 112ab and/or ring
clectrodes 114ab). For cxample, the clecirical sensing component 210 can include
detection circuwtry associated with tip electrodes 112a.b and/or ring electrodes 114a,b.
In one embodiment, the clectrical sensing component 210 can be enabled to monitor
one or more sensing vectors selected from the tip electrodes 112ab and/or the ring
clectrodes 1l4ab. For example, the clectrical sensing component 210 can include
switching circuitry for selecting which of tip electrodes 112ab, ring electrodes 114ab
and bousing 106 are coupled to sense amplifiers or other cardiac event detectors
included in the clectrical sensing component 210, Switching circuitry can include, for
example, a switch array, a switch matrrx, a multiplexer, or any other tvpe of switching
device suitable to selectively couple sense amphifiers to selected electrodes.

160761 In some examples, the electrical sensing component 210 can include multiple
scnsing channels for sensing multiple electrocardiogram (BECG) sensing vectors
selected from tip electrodes 112a,b, ring electrodes 114a,b and/or the housing 106. For
example, the electrical sensimg component 210 can include two sensing channels. Each
sensing channel can include a sense amplifier or other cardiac event detection circuitry
for sensing cardiac events, ¢.g., R-waves, from the roceived ECG signal developed
across selected clectrodes {(e.g., tip elecirodes 112a,b and/or ring clectrodes 114ab).
The cardiac event detector can operate using an auto-adjusting sensmg threshold set
based on a peak amplitude of a currently sensed event that can decay over time. Each
time the received ECG signal crosses the auto-adjusting sensing threshold outside an
absolute blanking period, a cardiac sensed event signal, such as an Rewave sensed
event signal, can be produced and passed to the control component 206 for use in

detecting ventricular tachveardia (V).
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66771 The control component 206 can be configured, for example, to detect VT
episodes that may be life-threatening if icft untreated {generally referred to herein as a
“shockable rthythm™} such as, for example, non-sinus VT, ventncular fibritlation, eic.
The timing of R-wave sensed event signals received from the electrical sensing
component 210 can be used by the control component 206 to determine R wave to R
wave intervals between cardiac sensed event signals. The control component 206 can,
for example, count RR intervals that fall mto different rate detection zomes for
determining a ventricular rate or performing other rate-based assessmients or interval-
based assessments for detecting VT and discriminating V1 from rhythms that do not
require a CV/DF shock.

{00781 The clectrical sensimg component 210 can additionally or altermatively melude
an analog-to-digital converter that provides a digital ECG signal from one or all
available sensing channels to the control component 206 for further signal analysis for
use in VT detection. A sensed ECG signal can be converted to a multi-bit digital signal
by the electrical sensing component 210 and provided to the control component 206 for
performing ECG morpbology analysis. Analysis of the ECG signal morphology can be
performed for detecting, confirming or discriminating V1.

{60791 In an embodiment, the therapy delivery component 208 can include a high
voltage (HY} therapy delivery modale including one or more HVY output capacitors and,
in some instances, a low voltage therapy delivery module. When a shockable VT
thythm is detected, the HV output capacitors can be charged to a predefined voltage
level by a HV charging circuit. The control component 206 can, for example apply a
signal to trigeer discharge of the HY capacitors upon detecting a feedback signal from
the therapy delivery component 208 that the HVY capacitors have reached the voltage
required to deliver a programmed shock energy. In this way, the control component
206 can control operation of the high voltage cutput circuit of the therapy delivery
component 208 to deliver high cnergy cardioversion/defibrillation shocks using tip
clectrodes 112a,b, nng electrodes 114a,b and/or the housing 106,

{0080] Each sensmg channel included in the electrical sensing component 210 can
include spike detector circuitry for detecting non-physiological ¢lectrical signal spikes
present in the cardiac clectrical(s) received by the electrical sensing component 210,

The spike detector can produce a spike detect signal passed to the control component
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206 for use in detecting a lead issue as well as avoiding false detections of VT due to
oversensing of clectrical spikes that are not true R-waves. In some examples, the
electrical sensing component 210 can be configured 1o detect pacing pulses dehivered to
the body 102. For example, bradycardia pacing pulses or anti-tachycardia pacing
pulses delivered by the medical device 104 may be detected by the spike detector of the
clectrical sensing component 2190

[0081] FIG. 3 illustrates a block diagram of an example, non-hmiting external device
(e.g., external device 116) in accordance with one or more embodiments described
herein. The external device 116 mchudes a conmmunication component 302 and a user
feedback component 304, Aspects of the systems, apparatuses or processes explamed
in this disclosure can constitute machine-executable commponent(s} embodied within
machine(s}, ¢.g., embodied i one or more computer readable mednums {or media)
associated with one or more machines. Such componeni(s), when executed by the one
or more machines, ¢.g., computer(s), compuing device(s), virtual machine(s), etc. can
cause the machine(s) to perform the operations described. External device 116 can
include memory 306 for storing computer executable components and instructions.
External device 116 can further include a processor 308 to facilitate operation of the
mstructions {e.g., computer executable components and instructions) by external device
116, Extemnal device 116 can mchude a bus 310 that couples the various components of
the external device 116, mncluding, but not himited to, the conmumication component
302, the user feedback component 304, the memory 306 and/or the processor 308.
Repetitive description of like elements employed in other embodiments described
herein 1s omitied for sake of brevity.

{00821 The external device 116 can employ telemetry communication to communicate
with one or more other devices such as, for example, the medical device 104, For
example, the commumication component 302 of the external device 116 can perform
telemetry communication with other devices such as, for example, the medical device
104 using a telemetry communication protocol. In an embodiment, the communication
component 302 can scan for an advertising data packet assocrated with a medical
device {¢.g., medical device 104} via at least one advertising communication channel.
For example, the communication componcnt 307 can passively scan an advertising data

packet associated with a medical device (e.g., medical device 104) without transmitting
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data to the medical device 104, In various embodiments, the communication
component 302 can scan a first advertising communication channel {¢.g., a 2402 MHz
communication channel), a second advertising communication chamnel {(e.g., a 2426
MFEz communication channel} and/or a third advertisimg communication channel {¢.g.,
a 2430 MHz communication channel} for an advertising data packet associated with a
medical device {c.g., medical device 104). In embodiments in which two or more
channels are scanned, the particular advertising channels can be scanned in any order.
{6083] The commumication component 302 can alsc establish a commumication limk
with the medical device 104 via a communication channel that is different than the
advertising commumication channel based on a deterunation that a criterion associated
with an identified advertising data packet is satisfied. A criterion associated with an
identificd advertising data packet can be, for example, that the identified advertising
data packet i1s intended for and/or can be processed by the external device 116, For
example, a criferion associated with an identified advertising data packet can be related
to medical data associated with the medical device 104, remote monitoring data
associated with the medical device 104, patient data associated with the medical device
104, status data associated with the medical device 104 and/or other data associated
with the medical device 104

§6084] The user feedback component 304 can proeess user input that is recetved by the
extemnal device 116, The user input can be related to the medical device 104, For
instance, the user mput can be related to a defined beaconing rate for an advertising
data packet associated with the medical device 104, Additionally or aliematively, the
user input can be related to an mterval of time for broadcasting an advertising data
packet associated with the medical device 104,

{0085] In an embodiment, the user feedback component 304 can process user input
data received via the external device 116. For example, the user feedback component
304 can deternune a defined beaconing rate and/or a defined nterval of time included
in the user input data. In certain embodiments, the user feedback component 304 can
analyze the user input data to determing a defined set of bits.  In other embodiments,
the user feedback component 304 can decode the user mput data. The communication
component 302 can transmit the processed user input data to the medical device 104 via

a first communication channel {¢.g., a first BTLE communication channel). Based on
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recelving the processed user input data, the medical device 104 {epg., the
communication component 204} can broadcast an advertising data packet based on the
defined beaconing rate and/or a defined interval of time included 1n the user input data.
For instance, the medical device 104 (e.g., the communication component 204) can
broadeast the advertising data packet {e.g., the advertising data packet that is generated
based on the defined beaconing rate and/or a defined miterval of time included m the
user input data} via a second communication channel {e.g., a second BTLE
communication channel}. Additionally, the commuonication component 204 can scan
for the advertising data packet (e.g., the advertising data packet that is generated based
on the defined beaconing rate and/or a defined interval of time included in the user
input data}) via the second commumication channel.  Based on identifying the
advertising data packet via the second communication channel and/or a determination
that the advertising data packet satisfies a defined criterion, the commumication
component 204 can commupicate with the medical device 104 via a third
communication channel. For example, the communication component 204 can
communicate with the medical device 104 via a third communication channel based on
a determmation that the advertising data packet associated with the third
communication channel mcludes particular data that 15 relevant {o the external device
116,

{0086] Accordingly, power source consumption {¢.z., battery power consumption) of
the external device 116 and/or the medical device 104 can be reduced by employmg a
modulated beaconing rate for an advertising data packet assoctated with the medical
device 104, A modulated beaconing rate for an advertising data packet associated with
the medical device 104 can also provide improved longevity of the external device 116
and/or the medical device 104, Morcover, in some embodiments, compatibility with
various external devices associated with a BLE protocol (e.g.. off-the-shelf external
devices associated with a BTLE protocol} can also be improved by emploving a
modulated beaconing rate for an advertising data packet associated with the medical
device 104 and/or the external device 116.

{6087] FIG. 4 illusiraies an example, non-hmiting medical device telemetry svstem
facilitating telemetry between a medical device and an external device based on an

advertising data packet in accordance with one or more embodiments described herein.
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Medical device telemetry system 400 includes the medical device 104 and the external
device 116. Repetitive description of like clements emploved in other embodiments
described heren is omitied for sake of brevity.

{00881 The medical device 104 (e.g., the communication component 204) can generate
an advertising data packet 402 that mchedes data associated with the medical device
104. The medical device 104 can also transmit or broadcast the advertising data packet
402 at a defined beaconing rate based on an urgency level for the advertising data
packet that is determined by the classification component 202 and/or a classification for
data included 1n the advertising data packet that is classified by the classification
component 202, In one embodiment, the medical device 104 can repeatedly transmit
the advertising data packet 402 as a first advertising data packet 402:, a second
advertising data packet 402, an Nth advertising data packet 402y, cte. during a defined
period of time (¢.g., a defined mterval of time). For instance, the medical device 104
can transmit the first advertising data packet 4021 at a first defined time, the second
advertising data packet 402 at a second defined time, the Nth advertising data packet
402w at an Nth defined time, ctc. In an aspect, the defined beaconing rate can be
formed based on, for example, an interval of time between the first defined time and the
second defined time. The advertising data packet 402 can be communicated between
the medical device 104 and the external device 116 via a low power communication
protocol such as, for example, BLE.

{0089] The medical device 104 can transmit and/or broadcast the adveruising data
packets 4021 via an advertising communication channel 404, In one embodiment, the
medical device 104 can repeatedly transmit the advertising data packet 402 as the
advertising data packets 402:.~ via the advertising communication channel 404 during a
defined period of time. A frequency of occurrence for repeatedly broadcasting the
advertising data packets 4021 during the defined period of time can correspond to a
defined beaconing rate determined by the classification component 202 and/or the
communication component 204, For example, a rate for broadcasting the advertising
data packets 4021~ during the defined period of time can be determined based on data
inchuded in the advertising data packets 402~ In another embodiment, the advertising
communication channel 404 shown in FIG. 4 can represent a set of advertising

communication channels. For instance, the advertising data packet 402 can be
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broadcasted via the advertising communication channel 404 and one or more other
advertising communication channels. In one example, the first advertising data packet
402; can be broadcasted via a first advertising communication channel associated with
the advertising communication channel 404, the second advertising data packet 4022
can be broadeasted via a second advertising communication channel associated with the
advertising communication channcl 404, the Nth advertising data packet 402n can be
broadcasted via an Nth advertising communication channel associated with the
advertising  commmmication channel 404, In one example, the advertising
communication channel 404 can be an advertising chanoel associated with a BLE
protocol. For example, the first advertising data packet 402) can be transmitted as a
first bit stream that 1s grouped into a set of code words, the second advertising data
packet 4022 can be transmitted as a second bit stream that is grouped into the set of
code words, the Nth advertising data packet 402~ can be transmitted as an Nth bit
stream that is grouped mto the set of code words, ete. In one example of the system
300, the medical device 104 can be mmplemented as an advertiser device and the
external device 116 can be implemented as a scanner device.

{00901 FIG. 5 dlustrates examople, non-hmiting urgency modulated beaconing rates for
a medical device telemetry system in accordance with one or more embodiments
described herein.  In the cmbodiment shown in FIG. 5, a first polling process 502
illustrates broadcasting of the advertising data packets 402:1n at a first defined
beaconing rate, a second polling process 504 illustrates broadcasting of the advertising
data packets 4021-v at a second defined beaconing rate, and a third polling process 506
tlustrates broadcasting of the advertising data packets 402:~ at a third defined
beaconing rate. The first poliing process 302, the second polling process 504, and the
third polling process 506 can be configured and/or generated by the classification
component 202 and/or the communication component 204. It is to be appreciated that a
medical device (¢.g., the medical device 104) can be associated with a different number
of defined beaconing rates for broadcasting the advertising data packets 4021~

{6091} Duoring the first polling process 502, a time interval A between broadeasting, for
example, the advertising data packet 402; and the advertising data packet 4022 can be
related to the first defined beaconing rate.  Furthermore, during the second polling

process 504, a time interval B between broadcasting, for example, the advertising data
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packet 402, and the advertising data packet 4022 can be related to the second defined
beaconing rate. During the third polling process 306, a time imterval C between
broadcasting, for example, the advertising data packet 4021 and the advertising data
packet 4022 can be related to the third defined beacomng rate. The time mterval A can
be a first advertising interval, the time interval B can be a second advertising inferval,
and the time micrval C can be a third advertising mterval. As shown in FiG. 5, the first
defined beaconing rate related to the time interval A can be more frequent than the
second defined beacoming rate related fo the time interval B and the third defined
beaconing rate related to the tme interval €. For instance, the fust defined beaconing
rate related to the time mterval A can be associated with a higher frequency of
occurrence than the second defined beaconing rate related to the time interval B and the
third defined beaconing rate related io the time interval €. Moreover, the sccond
defined beaconing rate related to the time interval B can be more frequent than the third
defined beaconing rate related to the time mterval C, but less frequent than the first
defined beaconing rate related to the time nterval A, The third defined beaconing rate
related to the time nterval € can be less frequent than the first defined beaconing rate
related to the time interval A and the second defined beaconing rate related to the time
mterval B. In an embodiment, the first polling process 502 can be associated with a
first urgency level, the second poliing process 304 can be associated with a second
urgency level, and the third polling process 506 can be associated with a third urgency
level. For instance, the first urgency level can be related to an immediate urgency
event associated with the medical device 104, the second urgency level can be related
to a medim urgency event associated with the medical device 104, and the third
urgency level can be related to a low urgency cvent associated with the medical device
104,

100921 FIG. 6 illustrates an example, non-imiting medical device 104 in accordance
with one or more embodiments described heretn. The medical device 104 includes a
telemetry circuit 602 and a batterv 604. Repetitive description of like clements
emploved in other embodiments described herein s omitted for sake of brevity.

§6093] The telemetry circuit 602 can be associated with the classification component
202 and/or the communication component 204, For instance, in an embodiment, the

telemetry circuit 602 can include the classification component 202 and/or the
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communication component 204, Additionally, m certain embodiments, the telemetry
circuit 602 can melude a transmitter/receiver 606, In onc ecxample, the
transmitter/receiver 606 can be a transceiver. The battery 604 can be, for example, a
fixed battery within the medical device 104, The battery 604 can provide power o at
least the telemetry circutt 602, However, it 1s to be appreciated that the battery 604
can be implemented as a different type of power source for the medical device 104,
For mstance, 10 an alternate embodiment, the battery 604 can be a capacitor, a charge
purp, a mechanically derived power source {c.g., a MEMS device), or an induction
component. Thercfore, by providing a modulated beaconing rate for an advertising
data packet as more fully disclosed herein, the classification component 202 and/or the
communication component 204 can facilitate balancing current drain of the battery 604
to maximize uhlity and hfe of the batterv 604 and/or the medical device 104, For
example, the classification component 202 and/or the comupwmnication component 204
can be employed to calculate a beacoming rate for an adveruising data packet that
minimally impacts the battery 604 while also broadcasting the advertising data packet
and/or delivening data associated with the medical device 104 to the external device
116, Longevity of the battery 604 and/or the medical device 104 can also be improved
by emploving a modulated beaconing rate for an advertising data packet via the
classification component 202 and/or the communication component 204, as more fully
disclosed herein. Morcover, telemetry latency associated with the telemetry circuit 602
can be nutigated and/or performance of the medical deviee 104 can be improved by
cmploying a modulated beaconing rate for an advertising data packet via the
classification component 202 and/or the communication component 204, as more fully
disclosed herein.

{6094] In an embodiment, the communication component 204 can be configured io
control operation of the transmutter/receiver 606 io facilitate establishment of a
telometry session between the medical device 104 and the extemnal device 116 and
control transnussion. The communication component 204 can also be configured to
control operation of the transmitter/recetver 606 to facilitate reception of data packets
by the medical device 104, The type of the transmitter/receiver 606 can vary
depending on the tvpe of telemetry protocol the medical device 104 is configured to

emplov.  In some embodiments, the transmitter/receiver 606 can be configured to
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perform different types of telemetry protocols.  In other embodiments, the medical
device 104 can include a plurality of different transmitters/reccivers that are
respectively contigured to perform different types of telemetry communication
protocols. In some embodiments, rather than inchiding a transmutter and a receiver that
do not sharg common circutry, the medical device 104 can mchude a transceiver.

[0095] FIGs. 7, 8, 9 and 19 illustraie flow diagrams of example, non-limiting methods
facilitating improved telemetry between a medical device and an external device in
accordance with one or more embodiments described herein. While, for purposes of
simplicity of explanation, the methodologies are shown and described as a series of
acts, the disclosed subject matter is not limited by the order of acts, as some acts can
occur in different orders and/or concurrently with other acts from that shown and
described herein. For example, those skilled in the art will understand and appreciate
that a methodology can alternatively be represented as a series of interrelated statuses
or events, such as i a state diagram. Moreover, not all iHlustrated acts may be reguired
to implement a methodology i accordance with the disclosed subject matter,
Additionally, it is to be appreciated that the methodologies disclosed 1n this disclosure
are capable of being stored on an article of manufacture to facilitate transporting and
transfernng such methodologies to computers or other computing devices.

{00961 Referring now to FIG. 7, shown is a flow diagram of an example method 700
facilitating 1improved telemetry between a medical device and an external device in
accordance with one embodument. In some embodiments of method 700, a medical
device (e.g., medical device 104y emplovs a classification component {e.g.,
classtfication ¢omponent 202} and/or a communication component (2.8,
communication component 204) to facilitate telemetry between the medical device and
an external device. Repetitive description of like clements emploved in other
embodiments described herein is omitted for sake of brevity.

{00977 At 702, a classification for data generated by a medical device can be
deternuned by a medical device comprising a processor {(¢.g., by the classification
component 202}, For example, the medical device can classify medical data gencrated
by the medical device, remote monitorning data generated by the medical device, patient
data generated by the medical device, and/or other data gencrated by the medical

device. Medical data can include medical data read or otherwise obtammed by the
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medical device, electrical signals sensed and/or generated by the medical device, a
voltage or current provided by the medical device, a medical dosage provided by the
medical device, etc. Remote monitoring data can include, for example, analvsis data
associated with the medical device and/or a patient, monitoring data for a condition
associated with the medical device and/or the patient, etc. Patient data can mchude, for
cxample, a name of a paticnt, a date of birth of a patient, a medical history associated
with a patient, a medical identification or number associated with the patient, eic.

{0098] At 704, an urgency level for an advertising data packet can be determuned by
the medical device {e.g., by the classification componcnt 202) based on the
classification for the data. For example, the urgency level can correspond 1o a defined
event associated with the data. The urgency level can be selected from a set of urgency
levels. For instance, the set of urgency levels can mmclude different urgency levels
associated with different beaconing rates or different types of events related to the data.
[0099] At 700, the advertising data packet for the medical device can be broadcasied by
the medical device (e.g., by the communication component 204} at a defined beaconing
rate based on the urgency level for the advertising data packet  For example, a
frequency of occurrence for repeatedly broadcasting the advertising data packet can be
modulated based on the urgency level for the advertising data packet. In another
example, telemetry polling of the advertising data packet can be dynamically modified
based on the urgency level for the advertising data packet. Because configuration of an
advertising data packet and communication between the medical device {c.g., the
medical device 104) and the external device 116 1s estabhished from a combination of
electrical and mechanical components and circuitry, and due to the mserting (..,
encoding} of information associated with the implantable device (c.g., the medical
device 104) within the advertising data packet as described herein, a human is unable to
replicate or perform the subject data packet configuration andfor the subject
communication between the mmplantable device and the external device. For example,
a human is unable to encode mformation within an advertising data packet, transmit an
advertising data packet {¢.g., via an advertising communication channel), etc.
Moreover, a human is unable to packetize a data packet that includes a sequence of bifs

corresponding to information associated with a medical device, a human cannot
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wirelessly broadcast an adveriising data packet at a particular defined beaconing rate
via a conumunication channel, etc.

{00108 Turming now to FIG. 8, shown is a method 800 facilitating improved telemetry
between a medical device and an external device in accordance with another
embodiment. In some embodiments of method 800, a medical device {¢.g., medical
device 104) employs a classification component {¢.g., classification component 202}
and/or a commumication component {¢.g., communication component 204} to tacilitate
telemetry between the medical device and an external device. Repetitive description of
like clements emploved in other embodiments described herein is omitied for sake of
brevity.

001011 At 302, data for an advertising data packet associated with a medical device can
be classified by a medical device comprising a processor {e.g., by the classification
component 202). For example, medical data included in the advertising data packet,
remote monttoring data included 1n the advertising data packet, patient data included n
the advertising data packet, and/or other data included in the advertismg data packet
can be classified. Medical data can include medical data read or otherwise obtained by
the medical device, clectrical signals sensed and/or generated by the medical device, a
voltage or current provided by the medical device, a medical dosage provided by the
medical device, etc. Remote monitoring data can inchlude, for example, analysis data
associated with the medical device and/or a patient, monitoring data for a condition
associated with the medical device and/or the patient, etc. Patient data can include, for
example, a name of a patient, a date of birth of a patient, a medical history associated
with a patienti, a medical identification or number associated with the patient, cic.
{30102{ At 804, an urgency level for the advertising data packet can be determined by
the medical device {(c.g., by the classification component 202) based on the
classification for the data. For example, the urgency level can correspond to a defined
cvent associated with the data. The urgency level can be selected from a set of urgency
levels. For mstance, the set of urgency levels can include different urgency levels
associated with different beaconing rates or different tvpes of events related to the data.
301031 At 806, & beaconing rate for the advertising data packet can be modulated by the
medical device (¢.g.. by the communication compounent 204} based on the urgency level

for the advertising data packet. For example, a rate for broadcasting the advertising
38



WO 2018/160441 PCT/US2018/019312

data packet can be modulated based on the urgency fevel for the advertising data
packet.

{60104{In an embodiment, the beaconing rate can be increased or decreased based on a
determination that the urgency level for the advertising data packet corresponds to a
defined event associated with the data. In ancther embodiment, the beaconing rate can
be decreased based on a deternination that a conumunication connection is established
between the medical device and an oxternal device. Because classification and/or
modulation of electronic mformation 1s performed from a combination of electrical and
mechanical components and circuitry, a human is unable to replicate or perform these
operations.

{00105 Tuming now to FIG. 9, shown is a method 900 facilitating improved telemetry
between a medical device and an extemal device in accordance with vet another
embodiment. In some embodiments of method 900, a medical device (e.g., medical
device 104) emplovs a classification component {(e.g., classification component 202)
and/or a communication component {¢.g., comnumication component 204) to facilitate
telemetry between the medical device and an externatl device. Repetitive description of
like clements emploved in other embodiments described herein is omitied for sake of
brevity.

{00106} At 902, a classification for data associated with a medical device can be
deternuined by a medical device comprising a processor {c.g., by the classification
component 202).  For example, medical data associated with the medical device,
remote monitoring data associated with the medical device, patient data associated with
the medical device, and/or other data associated with the medical device can correlated
to a defined urgency level and/or a defined event. At 904, polling associated with an
advertising data packet provided by the medical device can be adjusted by the medical
device {e.g., by the communication component 204} based on the classification for the
data. For example, a beaconing rate of the advertising data packet and/or an interval of
time for broadecasting the advertising data packet can be modulated based on the
classification for the data. Because classification and/or polling of signals over a
wireless channel is performed from a combination of elecincal and mechanical

components and circuitry, a human is unable to replicate or perform these operations.
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{60197{FIG. 10 shows a method 1000 facilitating improved telometry between a
medical device and an external device in accordance with vet another embodiment. In
some embodiments of method 1000, a medical device (e.g., medical device 104)
emplovs a classification component {e.g.. classification component 202} and/or a
communication component {(o.g. communication component 204} to facilitate
telemetry hetween the medical device and an external device. Repetitive description of
like elements emploved in other embodiments described herein s omitted for sake of
brevity.

[B0108[At 1002, an wrgency level for an advertising data packet associated with a
telemetry circuit of a medical device can be determuned by a medical device comprising
a processor {e.g., by the classification component 202} based on a classification for data
included in the advertising data packet. For example, the urgency level can correspond
1o a defined event associated with the data. At 1004, a beaconing rate for the
advertising data packet can be modulated by the medical device (e.g., by the
communication component 204} based on the urgency level for the advertisimg data
packet to facilitate a reduction m current emploved by a battery of the medical device.
For ¢xarpie, a lower urgency level for the advertising data packet can correspond 1o a
lower beacoming rate for the advertising data packet to facilitate reduction in current
employed by the battery and/or increased longevity of the battery. Because
classification and/or transmission of signals over a wireless channel is performed from
a combination of electrical and mechanical components and circuitry, a human is
unable to replicate or perform these operations.

(601991FEG, 11 dlustrates a block diagram of a computer operable to facilitate
vaproved telemetry between a medical device and an external device 1 accordance
with one or more embodiments described herein.  For example, in some embodiments,
the computer can be or be mcluded within medical device 104 and/or external device
116 (or any componcnt of the medical device 104 and/or external device 116).
Repetitive description of like elements emploved in other embodiments described
herein 1s omitied for sake of brevity.

§60118]In order to provide additional context for one or more embodiments described

heren, FIG. 11 and the following discussion are intended to provide a brief, general
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description of a switable computing environment (100 m which the one or more
erabodinments described herein can be implemented.

{00111{Generally, program modules include routines, programs, components, data
structures, etc., that perform particular tasks or implement particular abstract data types.
Moreover, those skilled in the art will appreciate that the inventive methods can be
practiced with other compuier system configurations, including single-processor or
multiprocessor computer systems, minicomputers, mainframe computers, as well as
personal  computers, hand-held computing  devices, microprocessor-based or
programmable consumer clectronics, and the Iike, cach of which can be operatively
coupled to one or more associated devices.

0112 Computing devices typically inclede a variety of media, which can melude
computer-readable storage media and/or communications media, which two terms are
used herein differently from one another as follows. Computer-readable storage media
can be any available storage media that can be accessed by the computer and includes
both volatile and nonvolatile media, removable and non-removable media. By way of
example, and vot limitation, computer-readable storage media can be mmplemented in
connection with any method or technology for storage of information such as
compuier-readable instructions, program modules, structured data or unstructured data.
Tangible and/or non-transitory computer-readable storage media can include, but are
not limited to, random access memory (RAM), read only memory (ROM), clectrically
crasable programmable read only memory (EEPROM), flash memory or other memory
technology, compact disk read only memory (CD ROM), digital versatile disk {(BVD)
or other optical disk storage, magnetic casseties, magnetic tape, magnetic disk storage,
other magnetic storage devices and/or other media that can be used to store desired
formation. Computer-readable storage media can be accessed by one or more local or
remote computing devices, e.g., via access requests, quernies or other data retneval
protocols, for a variety of operations with respect to the information stored by the
medium.

{060113{In this regard, the term “tangible” herein as applhied to storage, memory,
computer-readable media or computer-readable storage media, is to be understood to

exclude only propagating intangible signals per se as a modifier and does not relinguish
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coverage of all standard storage, memory, computer-readable media or computer-
readable storage media that are not only propagating atangible signals per se.

{00114{In this regard, the term “non-transitory” herein as applied fo storage, memory,
computer-readable media or computer-readable storage media, is to be understood to
exclude only propagating transitory signals per s¢ as a modifier and does not relinguish
coverage of all standard storage, memory, computer-readable media or computer-
readable storage media that are not only propagating transitory signals per se.

180115{ Commumications media typically embody computer-readable instructions, data
structures, program modules or other structured or unstructured data in a data signal
such as a modulated data signal, ¢.g., a channel wave or other transport mechanism, and
mclades any information dehvery or transport media.  The term “modulated data
signal” or signals refers to a signal that has one or more of the data signal's
characteristics set or changed in such a manner as to encode information in one or more
signals. By way of example, and not limitation, communication media include wired
media, sach as a wired network or direct-wired connection, and wireless media such as
acoustic, RF, infrared and other wireless media.

{00116 With reference agam to FIG, 11, example enviromment 1100 for implementing
one or more embodiments of the embodiments desceribed herein includes computer
1102, computer 1102 including processing unit 1104, systern memory 1106 and system
bus 1108, System bus 1108 couples system components including, but not hinited to,
svstem memory 1106 to processing unit 1104, Processing unit 1104 can be any of
varicus commercially available processors.  Dual microprocessors and other multi
processor architectures can also be emploved as processing umit 1104,

{30117{System bus 1108 can be any of scveral tvpes of bus structure that can further
nterconnect to a memory bus {(with or without a memory controlier), a peripheral bus,
and a local bus using any of a vaniety of commercially avalable bus architectures.
Svstem memory 1106 includes RAM 1110 and ROM 1112, A basic mput/output
svstem {BIOS} can be stored in a non-velatile memory such as ROM, erasable
programmable read only memory (EPROM), EEPROM, which BIGOS contains the basic
routines that help to transfer mformation between clements within computer 1102, such
as during startup. RAM 1110 can also include a high-speed RAM such as static RAM

for caching data.
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160118]Computer 1102 further mchudes internal hard disk deive (HDD) 1114 (cg..
Enhanced Imtegrated Drnve FElectronics (EIDE), Serial Advanced Technology
Attachment (SATA)). HDD 1114 can be connected to svstem bus 1108 by hard disk
drive mterface 1116, The drives and their associated computer-readable storage media
provide nonvolatile storage of data, data structures, computer-cxecutable structions,
and so forth. For computer 1102, the dnves and storage media accommedate the
storage of anv data in a suitable digital format.

{B0119{A number of program modules can be stored in the drives and RAM 1110,
meluding operating system 1136, one or more application programs 1138, other
program modules 1140 and program data 1142, All or portions of the operating
system, applications, modules, and/or data can also be cached o RAM 1110, The
systems and methods descnbed herein can be immplemented ubilizmg various
commercially available operating svsiems or combinations of operating systems.
[00126{ A mobile device can enter commands and information into compuier 1102
through one or more wireless input devices, e.g., wireless kevboard 1128 and a pointing
device, such as wireless mouse 1130, Other mput devices (not shown) can inchude a
smart phone, tablet, laptop, wand, wearable device or the like. These and other jnput
devices are often connected to the processing umit 1104 through input device interface
1118 that can be coupled to system bus HOR, but can be connected by other interfaces,
such as a parallel port, an IHEE senal port, a2 game port and/or a universal serial bus
{(USB) port.

{00121{Computer 1102 can operatc m a networked environment asing logical
connections via wired and/or wirecless commmumications o one Of MoOre remote
computers, such as remote computer(s} 1132, Remote computer(s} 1132 can be a
workstation, a server computer, a rouier, a personal computer, portable computer,
microprocessor-based entertainment appliance, a peer device or other common network
node, and tvpically mcludes many or all of the elements described relative to computer
1102, although, for purposes of brevity, only memory/storage device 1134 1s llustrated.
The logical connections depicted mclade wired/wireless connectivity to a local area
network {LAN) 1126 and/or larger networks, ¢.g., WAN 1124, as well as smaller PANg
mvolving a tew devices {¢.g., at least two). LAN and WAN networking environments

are commonplace n the home, offices {e.g., medical facility offices, hospital offices)
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and companies, and facilitate enterprise-wide computer networks, such as intranets, all
of which can connect to a global communications network {¢ g, the Internet).
[00122]fWhen used in a LAN networking environment, computer 1102 can be
connected to local network through a wired and/or wireless communication network
mterface or adapter 1120, Adapter 1120 can facilitate wired or wireless
commmunication to LAN 1126, which can also include a wircless access point (AP)
connected to the LAN 1126 for communicating with adapter 1120

{00123{When used in a WAN networking environment, computer 1102 can include
modem 1122 or can be connected to a communications server on WAN 1124 or has
other means for establishing communications over WAN 1124, such as by way of the
Internet. Modem 1122, which can be mtemal or external and a wired or wireless
device, can be connected to svstem bus 1108 via input device mterface 1118, In a
networked environment, program modules depicted relative to computer 1102 or
portions thereof, can be stored in a remote memory/siorage device. k will be
appreciated that the network connections shown are example and other means of
establishing a commumications hink between the computers can be used.
{0124]Computer 1102 can be operable to communicate with any wireless devices or
entitics operatively disposed in wireless communication via any number of protocols,
including, but not limited to, NFC, Wi-Fi and/or BLUETOOTH® wireless protocols.
Thus, the communication can be a defined structure as with a conventional network or
stmply an ad hoc communication between at least two devices.

{80123[{NFC can allow pomnt-to-point connection to an NFC-enabled device in the NFC
field of an IMD within the home or at any location. NFC technology can be facilitated
using an NFC-enabled smart phone, tablet or other device that can be brought within 3-
4 centimeters of an implanted NFC component. NFC typically provides a maximum
data ratc of 424 kilobits per second (Kbps), although data rates can range from 6.67
Kbps to 828 Kbps. NFC typically operates at the frequency of 13.56 megabertz (MHz).
NFC technology communication is typically over a range not exceeding 0.2 meters (m)
and setup time can be less than 0.1 seconds. Low power {g.g., 15 mulhamperes (imAs})
reading of data can be performed by an NFC device.

001261 Wi-Fi can allow connection to the Intemet from a couch at home, a bed m a

hotel room or a confercnce room at work, without wires. Wi-Fi 15 a wircless
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technology simmlar to that used m a cell phone that enables such devices, eg.,
computers, to send and receive data indoors and out. Wi-Fi networks use radio
technologies called IEEE 802.11 (a, b, g, n, et} to provide secure, reliable, fast
wircless connectivity. A Wi-Fi network can be used to conneet computers to cach
other, to the Internet, and to wired networks {(which can use IEEE 802 .3 or Ethernet).
Wi-F1 networks operate in the unlicensed 2.4 and § GHz radio bands, at an 11 Mbps
(802.11a) or 54 Mbps {(802.11b) data rate, tor example or with products that contain
both bands (dual band), so the networks can provide real-world performance similar to
the basic 10BaseT wired Ethernet networks used in many otfices.

{00127{ The embodiments of devices described herein can employ artificial inteliigence
{AlD) to facilitate avtomating one or more featurcs described herein. The embodiments
{c.g., m connection with avtomatically identifving acquured cell sites that provide a
maximum value/benefit afier addition to an existing communication network) can
employ various Al-based schemes for carrving out one or more embodiments thereof,
Moreover, the classificr can be emploved to determine a ranking or priority of cach cell
site of an acquired network., A classifier i3 a function that maps an mput attribute
vector, x = {x1, x2, x3, x4, ..., xn}, to a confidence that the input belongs to a class, that
15, f{x) = confidence{class}. Such classification can employ a probabilistic and/or
statistical-based analysis (¢ g., factoring into the analysis utilities and costs) to prognose
or infer an action that a mobile device desires to be automatically performed. A
support vector machine (SVM) 1s an example of a classifier that can be emploved. The
SVM operates by finding a hypersurface in the space of possible mputs, which the
hypersurface attempts to sphit the triggering criteria from the non-triggering cvents.
Imtuttively, this makes the classification correct for testing data that is near, but not
identical to training data.  Other directed and undirected model classification
approaches include, ¢.g.. naive Baves, Bavesian networks, decision trees, ncural
networks, fuzzy logic models, and probabilistic classification models providing
ditferent pattemns of independence can be emploved. Classification as used herein also
1s inclusive of statistical regression that is utilized to develop models of prionty.
{60128{As will be readily appreciated, one or more of the embodiments can employ
classifiers that are cxphcitlv trained (c.g.. via a gencric tramming data) as well as

moplicitly tramed (e.g., via observing mobile device behavior, operator preferences,
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historical information, receiving extrinsic mformation}. For example, SVMs can be
configured via a learning or traiming phase within a classifier constructor and feature
selection module. Thus, the classifier(s) can be used to automatically learn and
perform a number of functions, inclading but not limited to determining according to a
predetermined criteria which of the acquired cell sites will benefit a maximum number
of subscribers and/or which of the acquired cell sites will add minimum value 1o the
existing communication network coverage, ete.

{00129{As emploved herein, the term “processor” can refer to substantially any
computing processing unit or device including, but not limited to, single-core
processors; single-processors with sottware multithread execution capability; multi-
core processors; multi-core processors with software nudtithread exccution capability;
multi-core processors with hardware multithread techaclogy; parallel platforms; and
parallel platforms with distributed shared memory. Additionally, a processor can refer
to an mntegrated circuit, an application specific integrated circuit (ASIC), a digital signal
processor (D8P}, a field programmable gate array (FPGA), a programmable logic
controfler (PLLY, a complex programmable logic device (CPLD), a discrete gate or
transistor logic, discrete hardware components or any combination thereof designed to
perform the functions descrnibed herein. Processors can exploit nano-scale architectures
such as, but not hmited to, molecular and guantum-dot based transistors, switches and
gates, in order to optumize space usage or enhance performance of mobile device
ecquipment. A processor can also be implemented as a combmation of computing
processing units.

§60138]Memory disclosed herein can include volatile memory or nosvolatile memory
or can mclude both volatile and nonvolatile memory. By way of illustration, and not
limitation, nonvolatile memory can include ROM, programmable ROM (PROM),
electrically programmable ROM (EPROM), electrically erasable PROM (EEPROM) or
flash memory. Volatile memory can clude RAM, which acts as external cache
memory. By way of illustration and not limitation, RAM is available mn manv forms
sach as static RAM (SRAM), dynamic RAM (DRAM), synchronous DRAM
(SDRAM), double data rate SDRAM (DDR SDRAM), enhanced SDRAM (ESDRAM]},
Svochiink DRAM (SLDRAM), and direct Rambus RAM (DRRAM). The memaory
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{(¢.g.. data storages, databases) of the embodiments is mtended to include, without being
limited to, these and any other suitable types of memory.

{00131 As used herein, terms such as “data storage,” “database,” and substantially any
other mformation storage component relevant to operation and functionality of a

5

component, refer to “memory components,” or entitics embodied i a “memory” or
components including the memory. It will be appreciated that the memory components
or computer-readable storage media, described herein can be either volatile memory or
nonvolatile memory or can mehude both volatile and nonvolatile memory.

{00132{In addition, the words “examople” and “exemplarv” arc used hercin to mean
serving as an instance or illustration. Any embodiment or design described heren as
“example” or “exemplary” is not necessarlly to be construed as preferred or
advantageous over other embodiments or designs. Rather, use of the word “example”
or “gxemplary” is intended to present concepts in a concrete fashion. As used i this
application, the term “or” is intended to mean an inclusive “or” rather than an exclusive
“or”. That is, unless specified otherwise or clear from context, “X emplovs A or B” 15
intended to mean any of the natural inclusive permutations. That is, if X employs A, X
eraploys B; or X employs both A and B, then “X cmploys A or B” is satisfied under
any of the foregong instances. In addition, the articles “a” and “an” as used n this

apphication should generally be construed to mean “one or more”™ valess specified
otherwise or clear from context to be directed to a singular form. The terms “first”
“second,” “third,” and so forth, as used n the claims and description, unless otherwise
clear by context, 1s for clanty only and doesn’t necessarily mdicate or imply any order
i time.

{00133{What has been described above includes merc examples of one or more
embodiments. It is, of course, not possible to describe everv conceivable combination
of components or methodologies for purposes of descnbing these examples, but ong of
ordinary skill m the art can recognize that many further combinations and permutations
of the present embodiments are possible.  Accordingly, the embodiments disclosed
and/or claimed herein are mtended to embrace all such alterations, modifications and
variations that fall within the spirit and scope of the detailed description and the
appended claims. Furthermore, to the extent that the term “includes™ is used in either

the detailed descrniption or the claims, such term 1s intended to be inclusive in a manner
47



WO 2018/160441 PCT/US2018/019312

similar to the term “comprising” as “compnsing” is nterpreted when emploved as a
transitional word in a claim.

[00134{Example 1. A wmethod, comprising: classifving, by a medical device
comprising a processor, data for an advertising data packet associated with the medical
device; determiuning, by the medical device, an urgency level for the advertising data
packet based on the classifving for the data; and modulating, by the medical device, a
beaconing rate for the advertising data packet based on the urgency level for the
advertising data packet.

{00135{Example 2. The mocthod of Example 1, wherein the modulating the
beaconing rate for the advertising data packet comprises broadcasting the advertising
data packet based on the beaconing rate associated with the wrgency level for the
advertising data packet.

[00136] Example 3. The method of anv one of Examples 1 or 2, wherein the modulating
the beaconing rate for the advertising data packet comprises increasing the beaconing
rate based on a determination that the wrgency level for the advertising data packet
corresponds to a defined event associated with the data.

{00137{Example 4. The method of any one of Examples 1-3, wherein the modulating
the beaconing rate for the advertising data packet comprises decreasing the beaconing
rate based on a determination that the urgency level for the advertising data packet
corresponds to a defined event associated with the data.

[00138]Example 5. The method of any one of Examples 1-4, wherein the modulating
the beaconng rate for the advertismg data packet comprises decreasing the beaconing
rate based on a determination that a communication connection is established between
the medical device and an external device.

{00139 Example 6. An apparatus, comprising: a memory that stores executable
components; and a processor that executes the executable components stored in the
memory, wherein the executable components comprise: a user feedback component
configured to process user mput data received via the apparatus; and a commumnication
component configared to transmit the user input data to a medical device via a first
communication chamnel, and scan for an advertising data packet via a second
communication channcl, wherein a beaconing rate for the advertising data packet is

configured based on the user mput data.
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{00146{Example 7. The apparatus of Example 6, wherem the communication
component is configured to communicate with the medical device via a thud
communication channel based on a determunation that the advertising data packet
satisfics a defined criterion.

{00841} Example 8.  The apparatus of any one of Examples 6 or 7, wherein the user
feedback component is further configured to receive, via the apparatus, data that
includes the beaconing rate.

{00142{Example 9. The apparatus of any one of Examples 6-8, wherem the user
feedback component is further configured to roceive, via the apparatus, data that
includes an mterval of time for broadcasting the advertising data packet.

{00843 Example 10. A  non-transitory computer readable mediom  comprising
computer exccutable mstructions that, based on execution, cause a medical device
including at least one processor to perform operations, comprising: determining a
classification for data associated with the medical device; and adjusting  polling
associated with an advertising data packet provided by the medical device based on the
classification for the data.

{00144 Example 11, The non-transitory computer readable medium of Example 10,
wherein the operations further comprise: determining an urgency level for the
advertising data packet based on the classification for the data.

{00143 Example 12, The non-transitory computer readable mediom of any one of
Examples 10 or 11, wherein the adjusting comprises increasing or decreasing a defined
beaconmg rate for the advertising data packet.

{00146{Example I3. A system, compnsing: a medical device comprising. a
classification component configured to determine a classification for data included n
an advertising data packet associated with a telemetry communication protocol; and a
communication component configured to modulate the advertising data packet at a
detined beaconing rate based on the classification tor the data; and a device configured
to perform telemetry communication with the medical device using the telemetry
communication protocol and the advertising data packet.

{00147 Example [4. The system of Example 13, wherein the classification component
is further configured to determine an wrgency level for the advertising data packet

based on the classification for the data.
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{00148 Example 5. The system of any one of Examples 13 or 14, wherein the
communication component is further configured to modulate the advertising data
packet at the defined beaconing rate based on the urgency level for the advertising data
packet.

{00149  Example 16. The system of any one of Examples 13-16, wherein the
communication component is configured to broadeast the advertising data packet at the

defined beaconing rate based on the classification for the data.
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CLAIMS

What is clammed is:

I. A medical device comprising;

circuitry configured to at least one of obtam sensed physiological data
associated with the patient or deliver a therapy to the patient;

a classification component configured to determime a classification for data
generated by the medical device and to determine an urgency level for an advertising
data packet based on the classification for the data; and

a comynunication component configured to broadcast the advertising data
packet for the medical device at a defined beaconing rate based on the urgency level for
the advertising data packet.

2. The medical device of claim |, wherein the communication component is
configured to broadeast the advertising data packet via modulation of the broadcast at
the defined beacoming rate.

3, The medical device of any one of claims 1 or 2, wherein the commumnication
component is configured to increase the defined beaconing rate based on a
determination that the urgency level for the advertising data packet corresponds o a

defined event associated with the data.

4, The medical device of any one of claims 1-3, wherein the communication
component is further configured to decrease the defined beaconing rate based on a
deternunation that the urgency level for the advertising data packet corresponds to a

defined event associated with the data.

5 The medical device of any onc of claims 1-4, wherein the urgency level for the

advertising data packet corresponds to a defined event.
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6. The medical device of any one of claims -5, wherem the argency level for the
advertising data packet corresponds to a defined medical event associated with the data

o1 a processing event associated with the medical device.

7. The medical device of any one of claims 1-6, wherein the urgency fevel for the
advertising data packet corresponds to a defined medical ovent associated with a
cardhiac rhvthm reading for the sensed physiological data.

b The medical device of any one of claims -7, whercin the communication
component is configured to decrease the defined beaconing rvate based on a
determination that a communication connection is established between the medical

device and an external device.

9. The medical device of any one of claims 1-8, wherein the communication
component 3 configured to modify the defined beaconing rate based on historical data

indicative of a history of data exchanges with respect to an external device.

10, The medical device of any one of claims 1-9, wherein the communication
component is configured io modify the defined beaconing rate based on time data

indicative of a timestamp associated with the broadcast of the advertising data packet.

t1.  The medical device of any one of claims 1-10, wherein the defined beaconing
rate is a first defined beaconing rate, and whercin the communication component is
further configured to modify the defined beaconing rate to a second defined beaconing

rate based on receipt of input by the medical device.

12, The medical device of any one of claims 1-11, wherein the defined beaconing
rate 1s a first defined beaconing rate, and wherein the communication component is
further configured to modify the defined beaconing rate to a second defined beaconing
rate based on longevity data indicative of a lifespan period for a battery of the medical

device.
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