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(57) ABSTRACT

A method is provided for establishing a communication ses-
sion with an implantable medical device (“IMD”). The
method includes configuring an IMD and an external device
to communicate with one another through a protocol that
utilizes a dedicated advertisement channel. The IMD periodi-
cally transmitting advertisement notices over the dedicated
advertisement channel according to the protocol. The adver-
tisement notices being transmitted periodically at an adver-
tisement period over multiple cycles. The method further
includes repeatedly scanning the advertisement channel, by
the external device, for select scanning intervals in search of
the advertisement notices, the scanning operation being
repeated periodically at a scan period over the multiple
cycles. The advertisement period and the scan period are
independent of one another such that the advertisement and
scan periods at least partially overlap intermittently after a
number of cycles. When the external device detects one of the
advertisement notices, the method includes establishing a
communications link between the external device and the
IMD.
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SYSTEM AND METHODS FOR
ESTABLISHING A COMMUNICATION
SESSION BETWEEN AN IMPLANTABLE
MEDICAL DEVICE AND AN EXTERNAL
DEVICE

BACKGROUND

[0001] Embodiments of the present invention generally
relate to implantable medical devices, and more particularly
to establishing a communication session between implant-
able medical devices and external devices.

[0002] An implantable medical device (“IMD”) is a medi-
cal device that is configured to be implanted within a patient
anatomy and commonly employ one or more leads with elec-
trodes that either receive or deliver voltage, current or other
electromagnetic pulses (generally “energy”) from or to an
organ or tissue for diagnostic or therapeutic purposes. In
general, IMDs include a battery, electronic circuitry, such as
a pulse generator and/or a microprocessor that is configured
to handle RF communication with an external device as well
as control patient therapy. The components of the IMD are
hermetically sealed within a metal housing (generally
referred to as the “can”).

[0003] IMDs are programmed by and transmit data to exter-
nal devices controlled by physicians and/or the patient. The
external devices communicate by forming wireless bi-direc-
tional communication links with the IMDs. Recently, these
external devices may include commercial wireless devices
such as tablet computers, smartphones, and the like. For
example, a patient may have an IMD that communicates with
atablet computer used by a physician to receive data from and
change the settings of the IMD. The table computer receives
data from the IMD regarding the patient’s physiological state
(e.g., the IMD may transmit stored data or sensed physiologi-
cal parameters). Based on the received data, the physician
may adjust the operating parameters of the IMD using the
tablet computer.

[0004] To initiate the communication link, the IMD and the
external device perform a handshaking protocol. During the
handshaking protocol, the IMD may have a predetermined
timeframe to transmit an invitation data packet and to receive
a connection request by the external device. The invitation
packet may contain frequency synchronization information,
address information, or the like. The external device may
receive the invitation data packet and transmit the connection
request using the connection specification protocol and data
within the invitation data packet (e.g., frequency synchroni-
zation information, address information, and the like). If the
IMD receives the connection request within the predeter-
mined timeframe the IMD may establish a bi-directional
communication link with the external device.

[0005] In order for the IMD to do both, transmit the invita-
tion data packet and receive the connection request within the
predetermined timeframe, the IMD may have to continually
perform the handshaking protocol (e.g., transmit the invita-
tion data packet) regardless of whether the external device is
present. By continually transmitting the invitation data
packet, the battery life of the IMD may decrease requiring
replacement of the IMD. Consequently, there is a need of a
method to change the performance of the handshaking pro-
tocol by the IMD depending on whether the external device is
present or not.
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SUMMARY

[0006] In accordance with embodiments herein, a method
is provided for establishing a communication session with an
implantable medical device (“IMD”). The method includes
configuring an IMD and an external device to communicate
with one another through a protocol that utilizes a dedicated
advertisement channel while periodically transmitting, from
the IMD, advertisement notices over a dedicated advertise-
ment channel according to the protocol. The advertisement
notices being transmitted periodically at an advertisement
period. The method further includes repeatedly scanning the
advertisement channel, by the external device, for select scan-
ning intervals in search of the advertisement notices, and the
scanning operation being repeated periodically at a scan
period. The advertisement period and the scan period are
independent of one another such that the advertisement and
scan period at least partially overlap after a different number
of cycles. And the method further includes, when the external
device detects one of the advertisement notices, establishing
a communications link between the external device and the
IMD.

[0007] Optionally, the method may include lengthening the
scan period in order to shorten the advertisement period.
[0008] Optionally, the protocol may include multiple dedi-
cated advertisement channels and multiple data channels.
[0009] Optionally, the advertisement notices may be trans-
mitted independently of the select scanning intervals, and the
external device acknowledges receipt of the advertisement
notice.

[0010] Optionally, when the IMD enters an advertising
mode, the transmitting operations of the IMD are performed
in accordance with a Bluetooth Discovery Service defined
within the protocol.

[0011] Optionally, the method may include triggering of an
advertisement mode when the IMD detects at least one of i) a
magnetic field induced upon the IMD, ii) a predetermined
vibration scheme, iii) an inductive telemetry signal, or iv) a
select RFID signal.

[0012] Inanembodiment, a communication system is pro-
vided. The communication system includes an external
device configured to communicate over a wireless protocol
that utilizes a dedicated advertisement channel. The external
device is configured to repeatedly scan the advertisement
channel during a select scan interval such that the scan inter-
val is repeated periodically at a scan period. The communi-
cation system includes an IMD configured to communicate
over the wireless protocol. The IMD is configured to repeat-
edly transmit an advertisement notice over the advertisement
channel such that the advertisement notice is repeated peri-
odically at an advertisement period over multiple cycles. The
advertisement period and the scan period of the communica-
tion system are independent of one another, such that the
advertisement and scan period at least partially overlap inter-
mittently after a number of cycle. The external device and the
IMD are configured to establish a communication link
between the IMD and the external device when the external
device detects one of the advertisement notices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 illustrates a system block diagram of an
exemplary system of an embodiment.

[0014] FIG. 2 illustrates a simplified block diagram of an
IMD.
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[0015] FIG. 3 illustrates a simplified block diagram of an
external device.
[0016] FIG. 4 is a flowchart of a method for establishing a

communication session between an IMD and an external
device

[0017] FIG. 5 illustrates a timing signal diagram of an
exemplary embodiment of FIG. 1 using a time-multiplexing
protocol.

[0018] FIG. 6a illustrates a timing signal diagram of an
exemplary embodiment of FIG. 1 using a specified frequency
for an advertisement channel.

[0019] FIG. 64 illustrates a timing signal diagram of an
exemplary embodiment of FIG. 1 using a specified frequency
for an advertisement channel.

DETAILED DESCRIPTION

[0020] The description that follows sets forth one or more
illustrative embodiments. It will be apparent that the teach-
ings herein may be embodied in a wide variety of forms, some
of which may appear to be quite different from those of the
disclosed embodiments. Consequently, the specific structural
and functional details disclosed herein are merely represen-
tative and do not limit the scope of the disclosure. For
example, based on the teachings herein one skilled in the art
should appreciate that the various structural and functional
details disclosed herein may be incorporated in an embodi-
ment independently of any other structural or functional
details. Thus, an apparatus may be implemented or a method
practiced using any number of the structural or functional
details set forth in any disclosed embodiment(s). Also, an
apparatus may be implemented or a method practiced using
other structural or functional details in addition to or other
than the structural or functional details set forth in any dis-
closed embodiment(s).

[0021] FIG. 1 illustrates a simplified block diagram of an
IMD 101 and an external device 201 (e.g., table computer,
smart phone, laptop, or the like) according to an embodiment
of'the present subject matter. The IMD 101 may be implanted
within a patient. The external device 201 is configured to
establish a bi-directional communication link 104 with the
IMD 101. The communication link 104 allows the external
device 201 to receive measurements from the IMD 101, and
to program or send instructions to the IMD 101. The bi-
directional communication link 104 may use any standard
wireless protocol such as Bluetooth Low Energy, Bluetooth,
Wireless USB, Medical Implant Communication Service,
WiFi, and the like. The external device 201 may be located
within a home of the patient, a hospital, an automobile, at an
office of the patient, or the like. The IMD 101 may be one of
various types of implantable devices, such as, for example, an
implantable pacemaker, implantable cardioverter-defibrilla-
tor (“ICD”), defibrillator, cardiac rhythm management
(“CRM”) device, neurostimulator, electrophysiology (“EP”)
mapping and radio frequency (“RF”) ablation system, or the
like.

[0022] FIG. 2 illustrates a block diagram of exemplary
internal components of the IMD 101. The systems described
herein can include or represent hardware and associated
instructions (e.g., software stored on a tangible and non-
transitory computer readable storage medium, such as a com-
puter hard drive, ROM, RAM, or the like) that perform the
operations described herein. The hardware may include elec-
tronic circuits that include and/or are connected to one or
more logic-based devices, such as microprocessors, proces-
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sors, controllers, or the like. These devices may be off-the-
shelf devices that perform the operations described herein
from the instructions described above. Additionally or alter-
natively, one or more of these devices may be hard-wired with
logic circuits to perform these operations.

[0023] The IMD 101 is for illustration purposes only, and it
is understood that the circuitry could be duplicated, elimi-
nated or disabled in any desired combination to provide a
device capable of treating the appropriate chamber(s) with
cardioversion, defibrillation and/or pacing stimulation as well
as providing for apnea detection and therapy. The housing
138 for IMD 101, shown schematically in FIG. 2, is often
referred to as the “can”, “case” or “case electrode” and may be
programmably selected to act as the return electrode for all
“unipolar” modes. The housing 138 may further be used as a
return electrode alone or in combination with one or more of
the coil electrodes for shocking purposes. The housing 138
further includes a connector (not shown) having a plurality of
terminals, 142, 152, 154, 156 and 158 (shown schematically
and, for convenience, the names of the electrodes to which
they are connected are shown next to the terminals. A right
atrial tip terminal (A TIP) 142 is adapted for connection to
the atrial tip electrode and a right atrial ring terminal may be
adapted for connection to right atrial ring electrode. A left
ventricular tip terminal (V; TIP) 144, a left atrial ring termi-
nal (A; RING) 146, and a left atrial shocking terminal (A,
COIL) 148 are adapted for connection to the left ventricular
ring electrode, and a left atrial tip electrode and a left atrial
coil electrode respectively. A right ventricular tip terminal
(Vz TIP) 152, a right ventricular ring terminal (V, RING)
154, aright ventricular shocking terminal (R ,,COIL) 156, and
an SVC shocking terminal (SVC COIL) 158 are adapted for
connection to the right ventricular tip electrode, right ven-
tricular ring electrode, an RV coil electrode, and an SVC coil
electrode, respectively.

[0024] An acoustic terminal (AC T) 150 is adapted to be
connected to an external acoustic sensor or an internal acous-
tic sensor, depending upon which (if any) acoustic sensors are
used. Terminal 151 is adapted to be connected to a blood
sensor to collect measurements associated with glucose lev-
els, natriuretic peptide levels, or catecholamine levels.
[0025] The IMD 101 includes a programmable microcon-
troller 160 which controls operation. The microcontroller 160
(also referred to herein as a processor module or unit) typi-
cally includes a microprocessor, or equivalent control cir-
cuitry, designed specifically for controlling the delivery of
stimulation therapy and may further include RAM or ROM
memory, logic and timing circuitry, state machine circuitry,
and I/O circuitry. Typically, the microcontroller 160 includes
the ability to process or monitor input signals (data) as con-
trolled by program code stored in memory. The details of the
design and operation of the microcontroller 160 are not criti-
cal to the invention. Rather, any suitable microcontroller 160
may be used that carries out the functions described herein.
Among other things, the microcontroller 160 receives, pro-
cesses, and manages storage of digitized cardiac data sets
from the various sensors and electrodes. For example, the
cardiac data sets may include IEGM data, pressure data, heart
sound data, and the like.

[0026] The IMD 101 includes an atrial pulse generator 170
and a ventricular/impedance pulse generator 172 to generate
pacing stimulation pulses for delivery by the right atrial lead
130, the right ventricular lead 131, and/or the coronary sinus
lead 132 via an electrode configuration switch 174. It is
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understood that in order to provide stimulation therapy in
each of the four chambers of the heart, the atrial and ventricu-
lar pulse generators, 170 and 172, may include dedicated,
independent pulse generators, multiplexed pulse generators
or shared pulse generators. The pulse generators, 170 and
172, are controlled by the microcontroller 160 via appropriate
control signals, 176 and 178, respectively, to trigger or inhibit
the stimulation pulses.

[0027] The IMD 101 includes a neuro stimulation pulse
generator circuit 192 to generate stimulation pulses for a
brain or spinal cord nervous system. The stimulation pulses
are delivered by a plurality of electrodes through the neuro
output lead 191. The neuro stimulation pulse generator circuit
192 is controlled by the microcontroller 160 via appropriate
control signals 193 to trigger or generate the stimulation
pulses.

[0028] The microcontroller 160 further includes timing
control circuitry 179 used to control the timing of such stimu-
lation pulses (e.g., pacing rate, atria-ventricular (AV) delay,
atrial interconduction (A-A) delay, or ventricular intercon-
duction (V-V) delay, etc.) as well as to keep track of the timing
of refractory periods, blanking intervals, noise detection win-
dows, evoked response windows, alert intervals, marker
channel timing, and the like. Switch 174 includes a plurality
of'switches for connecting the desired electrodes to the appro-
priate I/O circuits, thereby providing complete electrode pro-
grammability. Accordingly, the switch 174, in response to a
control signal 180 from the microcontroller 160, determines
the polarity of the stimulation pulses (e.g., unipolar, bipolar,
etc.) by selectively closing the appropriate combination of
switches (not shown) as is known in the art.

[0029] Atrial sensing circuit 182 and ventricular sensing
circuit 184 may also be selectively coupled to the right atrial
lead 130, coronary sinus lead 132, and the right ventricular
lead 131, through the switch 174 for detecting the presence of
cardiac activity in each of the four chambers of the heart.
Accordingly, the atrial (ATR SENSE) and ventricular (VIR
SENSE) sensing circuits, 182 and 184, may include dedicated
sense amplifiers, multiplexed amplifiers or shared amplifiers.
The outputs of the atrial and ventricular sensing circuits, 182
and 184, are connected to the microcontroller 160 which, in
turn, are able to trigger or inhibit the atrial and ventricular
pulse generators, 170 and 172, respectively, in a demand
fashion in response to the absence or presence of cardiac
activity in the appropriate chambers of the heart.

[0030] Cardiac signals are also applied to the inputs of an
analog-to-digital (A/D) data acquisition system 190. The data
acquisition system 190 is configured to acquire IEGM sig-
nals, convert the raw analog data into a digital IEGM signal,
and store the digital IEGM signals in memory 194 for later
processing and/or RF transmission to the external device 201.
The data acquisition system 190 is coupled to the right atrial
lead 130, the coronary sinus lead 132, and the right ventricu-
lar lead 131 through the switch 174 to sample cardiac signals
across any combination of desired electrodes. The data acqui-
sition system 190 may also be coupled, through switch 174, to
one or more of the acoustic sensors. The data acquisition
system 190 acquires, performs A/D conversion, produces and
saves the digital pressure data, and/or acoustic data.

[0031] The controller 160 controls the acoustic sensor and/
or a physiologic sensor to collect heart sounds during one or
more cardiac cycles. The heart sounds include sounds repre-
sentative of a degree of blood flow turbulence. The acoustic
sensor and/or physiologic sensor collects the heart sounds
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that include S1, S2 and linking segments. The S1 segment is
associated with initial systole activity. The S2 segment is
associated with initial diastole activity. The linking segment
is associated with at least a portion of heart activity occurring
between the S1 and S2 segments during a systolic interval
between the initial systole and diastole activity. The controller
160 changes a value for at least one of the pacing parameters
between the cardiac cycles. The controller 160 implements
one or more processes described herein to determine values
for one or more pacing parameters that yield a desired level of
hemodynamic performance.

[0032] The controller 160 includes an analysis module 171
and a setting module 173 that function in accordance with
embodiments described herein. The analysis module 171 ana-
lyzes a characteristic of interest from the heart sounds within
at least a portion of the linking segment. The characteristic of
interest is indicative of an “amount” of the heart sounds over
at least a portion of the systolic interval between the initial
systole and diastole activity. The amount of the heart sounds
may be derived in different manners, such as determining the
energy content, intensity and the like, as well as relations
there between. The level of the characteristic changes as the
pacing parameter is changed. The setting module 173 sets a
desired value for the pacing parameter based on the charac-
teristic of interest from the heart sounds for at least the portion
of the linking segment. The pacing parameter may represent
at least one of an AV delay, a VV delay, a VA delay, intra-
ventricular delays, electrode configurations and the like. The
controller 160 changes at least one of the AV delay, the VV
delay, the VA delay, the intra-ventricular delays, electrode
configurations and like in order to reduce systolic turbulence
and regurgitation.

[0033] The microcontroller 160 is coupled to memory 194
by a suitable data/address bus 196, wherein the program-
mable operating parameters used by the microcontroller 160
are stored and modified, as required, in order to customize the
operation of IMD 101 to suit the needs of a particular patient.
The memory 194 also stores data sets (raw data, summary
data, histograms, etc.), such as the IEGM data, heart sound
data, pressure data, Sv02 data and the like for a desired period
of time (e.g., 1 hour, 24 hours, 1 month). The memory 194
may store instructions to direct the microcontroller 160 to
analyze the cardiac signals and heart sounds identify charac-
teristics of interest and derive values for predetermined sta-
tistical parameters. The IEGM, pressure, and heart sound data
stored in memory 194 may be selectively stored at certain
time intervals, such as 5 minutes to 1 hour periodically or
surrounding a particular type of arrhythmia of other irregu-
larity in the heart cycle. For example, the memory 194 may
store data for multiple non-consecutive 10 minute intervals.

[0034] The pacing and other operating parameters of the
IMD 101 may be non-invasively programmed into the
memory 194 through an RF circuit 110 in bi-directional wire-
less communication with the external device 201. The RF
circuit 110 is controlled by the microcontroller 160 and
receives data for transmission by a control signal 111. The RF
circuit 110 allows intra-cardiac electrograms, pressure data,
acoustic data, Sv02 data, and status information relating to
the operation of IMD 101 (as contained in the microcontroller
160 or memory 194) to be sent to the external device 201
through an established bi-directional communication link
104. The RF circuit 110 also allows the external device 201 to
program new pacing parameters for the setting module 173
used by the IMD 101.
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[0035] To establish the communication link 104 between
the external device 201 and the IMD 101, the microcontroller
160 instructs the RF circuit 110 to transmit an advertisement
notice on an advertisement channel. The advertisement chan-
nel is a point to multipoint, unidirectional, channel to carry a
repeating pattern of system information messages such as
network identification, allowable RF channels to establish the
communication link 104, and the like that is included within
the advertisement notice. The advertisement notice may be
repeatedly transmitted after a set duration or an advertisement
period until the communication link 104 is established with
the external device 201.

[0036] The length of the advertisement period may be
adjusted by the microcontroller 160 when entering an adver-
tisement mode. During the advertisement mode, the micro-
controller 160 may reduce the length of the advertisement
period relative to not being in the advertisement mode. The
reduced length of the advertisement period results in the RF
circuit 110 transmitting more or an increased number of
advertisement notices relative to not being in the advertise-
ment mode. The microcontroller 160 may enter the advertise-
ment mode after detecting a predetermined signal directed at
the IMD 101.

[0037] The microcontroller 160 supports a particular wire-
less communication protocol while communicating with the
external device 201, such as Bluetooth low energy, Bluetooth,
WiFi, Medical Implant Communication Service (“MICS”),
WiF1i, or the like. Protocol firmware is stored in memory 194,
and is accessed by the microcontroller 160 via the data bus
196. The protocol firmware provides the wireless protocol
syntax for the microcontroller 160 to assemble data packets,
establish communication links, and partition data received
from the external device 201.

[0038] The IMD 101 may also include an accelerometer or
other physiologic sensor 112, commonly referred to as a
“rate-responsive” sensor because it is typically used to record
the activity level of the patient or adjust pacing stimulation
rate according to the exercise state of the patient. Optionally,
the physiological sensor 112 may further be used to detect
changes in cardiac output, changes in the physiological con-
dition of the heart, or changes in activity (e.g., detecting sleep
and wake states) and movement positions of the patient.
While shown as being included within IMD 101, it is to be
understood that the physiologic sensor 112 may also be exter-
nal to the IMD 101, yet still be implanted within or carried by
the patient. A common type of rate responsive sensor is an
activity sensor incorporating an accelerometer or a piezoelec-
tric crystal, which is mounted within the housing 138 of the
IMD 101.

[0039] The physiologic sensor 112 may be used as the
acoustic sensor that is configured to detect the heart sounds.
For example, the physiologic sensor 112 may be an acceler-
ometer that is operated to detect acoustic waves produced by
blood turbulence and vibration of the cardiac structures
within the heart (e.g., valve movement, contraction and relax-
ation of chamber walls and the like). When the physiologic
sensor 112 operates as the acoustic sensor, it may supplement
or replace entirely acoustic sensors. Other types of physi-
ologic sensors are also known, for example, sensors that sense
the oxygen content of blood, respiration rate and/or minute
ventilation, pH of blood, ventricular gradient, etc. However,
any sensor may be used which is capable of sensing a physi-
ological parameter that corresponds to the exercise state of
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the patient and, in particular, is capable of detecting arousal
from sleep or other movement.

[0040] The IMD 101 additionally includes a battery 113,
which provides operating power to all of the circuits shown.
The IMD 101 is shown as having impedance measuring cir-
cuit 115 which is enabled by the microcontroller 160 via a
control signal 114. Herein, impedance is primarily detected
for use in evaluating ventricular end diastolic volume (EDV)
but is also used to track respiration cycles. Other uses for an
impedance measuring circuit include, but are not limited to,
lead impedance surveillance during the acute and chronic
phases for proper lead positioning or dislodgement; detecting
operable electrodes and automatically switching to an oper-
able pair if dislodgement occurs; measuring respiration or
minute ventilation; measuring thoracic impedance for deter-
mining shock thresholds; detecting when the device has been
implanted; measuring stroke volume; and detecting the open-
ing of heart valves, etc. The impedance measuring circuit 115
is advantageously coupled to the switch 174 so that imped-
ance at any desired electrode may be obtained.

[0041] FIG. 3 illustrates a functional block diagram of the
external device 201 that is operated in accordance with the
processes described herein and to interface with the IMD 101
as described herein. The external device 201 may be a work-
station, a portable computer, a tablet computer, an IMD pro-
grammer, a PDA, a cell phone and the like. The external
device 201 includes an internal bus that may connect/inter-
face with a Central Processing Unit (“CPU”) 202, ROM 204,
RAM 206, a hard drive 208, the speaker 210, a printer 212, a
CD-ROM drive 214, a floppy drive 216, a parallel I/O circuit
218, a serial 1/O circuit 220, the display 222, a touchscreen
224, a standard keyboard 226, custom keys 228, and an RF
subsystem 230. The internal bus is an address/data bus that
transfers information between the various components
described herein. The hard drive 208 may store operational
programs as well as data, such as waveform templates and
detection thresholds.

[0042] The CPU 202 typically includes a microprocessor, a
micro-controller, or equivalent control circuitry, designed
specifically to control interfacing with the external device 201
and with the IMD 101. The CPU 202 may include RAM or
ROM memory, logic and timing circuitry, state machine cir-
cuitry, and [/O circuitry to interface with the IMD 101. The
display 222 (e.g., may be connected to the video display 232).
The touchscreen 224 may display graphic information relat-
ing to the IMD 101. The display 222 displays various infor-
mation related to the processes described herein. The touch-
screen 224 accepts a user’s touch input 234 when selections
are made. The keyboard 226 (e.g., a typewriter keyboard 236)
allows the user to enter data to the displayed fields, as well as
interface with the RF subsystem 230. Furthermore, custom
keys 228 turn on/off 238 (e.g., EVVI) the external device 201.
The printer 212 prints copies of reports 240 for a physician to
review or to be placed in a patient file, and a speaker 210
provides an audible warning (e.g., sounds and tones 242) to
the user. The parallel I/O circuit 218 interfaces with a parallel
port 244. The serial I/O circuit 220 interfaces with a serial port
246. The floppy drive 216 accepts diskettes 248. Optionally,
the floppy drive 216 may include a USB port or other interface
capable of communicating with a USB device such as a
memory stick. The CD-ROM drive 214 accepts CD ROMs
250.

[0043] TheRF subsystem 230 includes a central processing
unit (CPU) 252 in electrical communication with an RF cir-
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cuit 254, which communicates with both an IEGM circuit 256
and an analog out circuit 258. The RF subsystem may be
connected to a telemetry wand 262. The circuit 256 may be
connected to leads 260. The analog out circuit 258 includes
communication circuits to communicate with analog outputs
264. The external device 201 may wirelessly communicate
with the IMD 101 and utilize protocols, such as Bluetooth,
Bluetooth low energy, WiFi, MICS, and the like. Alterna-
tively, a hard-wired connection may be used to connect the
external device 201 to the IMD 101.

[0044] FIG. 4 illustrates a flowchart of a method 300 for
establishing a communication session with an IMD (e.g.,
101). The method 300 may be implemented as a software
algorithm, package, or system that directs one or more hard-
ware circuits or circuitry to perform the actions described
herein. For example, the operations of the method 300 may
represent actions to be performed by one or more circuits that
include or are connected with processors, microprocessors,
controllers, microcontrollers, Application Specific Integrated
Circuits (ASICs), Field-Programmable Gate Arrays (FP-
GAs), or other logic-based devices that operate using instruc-
tions stored on a tangible and non-transitory computer read-
able medium (e.g., a computer hard drive, ROM, RAM,
EEPROM, flash drive, or the like), such as software, and/or
that operate based on instructions that are hardwired into the
logic of the[text missing or illegible when filed].
[0045] Atleast one technical effect of at least one portion of
the methods described herein includes establishing a commu-
nication session with an IMD (e.g., 101) and an external
device (e.g., 201) by i) configuring the IMD and the external
device to communicate with one another through a protocol
that utilizes at least one dedicated advertisement channel, ii)
periodically transmit, from the IMD, advertisement notices or
packets over the dedicated advertisement channel according
to the protocol, wherein the advertisement notices are trans-
mitted periodically at an advertisement period, iii) repeatedly
scanning the advertisement channel, by the external device,
for select scanning intervals in search of the advertisement
notices, the scanning operation being repeated periodically at
a scan period, wherein the advertisement period and scan
period are independent of one another such that the advertise-
ment and scan periods at least partially overlap intermittently
after different number of cycles, and iv) when the external
device detects one of the advertisement notices, establishing
a communications link between the external device and the
IMD.

[0046] At 301, the method configures an IMD 101 and an
external device 201 to communicate with one another through
a protocol. For example, the RF circuit 110 of the IMD 101
and the RF circuit 254 of the external device 201 may be
configured to communicate utilizing Bluetooth Low Energy
(or Bluetooth Smart), Bluetooth, MICS, WiFi, or the like.
Various protocols may be used, provided that the protocol
utilizes a dedicated advertisement channel.

[0047] The advertisement channel is a point to multipoint,
unidirectional, channel. The advertisement channel carries a
repeating pattern of system information messages. The sys-
tem information messages may describe the identity, configu-
ration, and/or available features of the IMD 101. The adver-
tisement channel is used by devices (external device 201,
IMD 101) to discover new/other devices, to initiate commu-
nication links with other devices, and/or to broadcast connec-
tion/address information. The advertisement channel may
represent a predetermined bandwidth within an operating
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frequency range of the protocol. Additionally or alternatively,
the advertisement channel may represent a predetermined
time slot (e.g., 406 in FI1G. 5) with fixed length within a time
period (e.g., 405) comprising a plurality of different time
slots.

[0048] In one embodiment, optionally, the external device
201 and multiple IMDs 101 utilize the Bluetooth Low Energy
(“BLE”) protocol. The BLE protocol operates within a fre-
quency range of 2400-2483.5 MHz (including guard bands).
The operational frequency range is divided into 40 RF chan-
nels having a 2 MHz bandwidth. Three RF channels are
dedicated advertisement channels having center frequencies
at 2402 MHz, 2426 MHz, and 2480 MHz. The remaining RF
channels are dedicated data channels. Data channels are uti-
lized by devices having an established BLE communication
link to exchange data. For example, the external device 201
has an established communication link with the IMD 101
such that data is exchanged between the external device 201
and the IMD 101 over the data channel. Another IMD, with-
out an established communication link, broadcasts connec-
tion/address information along the advertisement channel,
for instance at 2404 MHz.

[0049] At 302, the IMD 101 transmits one or more adver-
tisement notices, over a dedicated advertisement channel,
periodically during an advertisement period. The advertise-
ment notice may be a data packet or a pulse configured to
elicit a response from another device to establish a commu-
nication link. The advertisement notice may contain fre-
quency synchronization information utilized to form the
communication link 104, address information of the IMD
101, address information of the external device 201, and the
like. The advertisement notice may be repeated, at a set or
variable interval or advertisement period, until the communi-
cation link 104 is established. The advertisement period rep-
resents the length of time the IMD 101 may transmit another
advertisement notice after a previous transmission by the
IMD 101 of the advertisement notice. Optionally, the adver-
tisement period may be input by a user (e.g., physician using
an external device).

[0050] For example, FIG. 5 illustrates a timing signal dia-
gram 400 of an exemplary embodiment having the external
device 201 and the IMD 101 using a time-division multiplex-
ing wireless protocol. Under the protocol, the external device
201 and the IMD 101 transmit/receive data along the same
frequency band over a repeating time frame 405. The time
frame 405 is divided into fixed channels 403, 404, 406, and
410 of a fixed length. The channels may be assigned to a
device, or specific functions such as a synchronization chan-
nel 403 and an advertisement channel 406. The synchroniza-
tion channel 403 is used by the external device 201 to transmit
a synchronization signal that is used to synchronize other
devices within the network to the time frame 405 and channel
lengths. The synchronization channel 403 may be predeter-
mined and/or configured by the user (e.g., physician) of the
external device 201, such that the length of the timing frame
405 and/or the fixed channels (404, 406, 410) may be
extended or shortened.

[0051] In one embodiment, optionally, the time frame 405
may have a default length of, for example, 20 ms, and divided
into 5 milliseconds (ms) fixed channels (403, 404, 406, 410).
The user of the external device 201 may shorten (or lengthen)
the time frame 405 to a length of, for example, 12 ms with
fixed channel length of 3 ms, and reconfigure the synchroni-
zation channel 403 to include the new time frame 405 and
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fixed channel lengths. The IMD 101 analyzes the synchroni-
zation channel 403 containing the current timing specifica-
tions with the reconfigured advertisement channel 406, and
updates the timing specification on the protocol syntax stored
in the memory 194. The IMD 101 transmits an advertisement
notice 411 along the reconfigured advertisement channel 406
to form a communication link 104 with the external device
201. The IMD 101 may continually retransmit the advertise-
ment notice 411 over the advertisement channel 406 until the
communication link 104 is established. The retransmission of
the advertisement notice 411 occurs at the beginning of every
advertisement period 408 or, using the above example, every
12 ms, such that, the advertisement notice 411 is repeatedly
transmitted during the advertisement channel 406.

[0052] Oncethe external device 201 receives the advertise-
ment notice 411, the external device 201 may transmit the
data channel specifications for the IMD 101 on the data chan-
nel 404 to establish the communication link 104 between the
external device 201 and the IMD 101.

[0053] At 303, the external device 201 scans the advertise-
ment channel during select intervals in search of one or more
advertisement notices. The external device repeats the scan
periodically at a scan period. The external device 201 moni-
tors or scans the advertisement channel for advertisement
notices using the RF circuit 254.

[0054] For example, FIG. 64 illustrates a timing diagram
600 of an exemplary embodiment having the external device
201 and the IMD 101 using a wireless protocol that utilizes a
specified frequency for an advertisement channel. The IMD
101 is transmitting an advertisement notice 605 on the adver-
tisement channel using the RF circuit 110. The advertisement
period 602, for example, may be 5 seconds (s) such that the
advertisement notice 605 may be repeated every 5 s. Option-
ally, the advertisement period 602 may be longer or shorter
than the above example. Additionally or alternatively, the
advertisement period may be predetermined and stored in
memory 194 of the IMD 101.

[0055] The user, using the touchscreen 224 or standard
keyboard 236, may instruct the external device 201 to estab-
lish the communication link 104 with the IMD 101. The CPU
202 instructs the RF subsystem 230 to output the received
transmissions from the advertisement channel (e.g., 2402
MHz, 2426 MHz, 2480 MHz), for example, every 1 s. The
output of the RF subsystem 230 corresponds to a scanning
interval 603. The RF subsystem repeats the scanning interval
603 every scan period 601 such that the scanning interval 603
may be repeated, for example, every 4 s. The scanning inter-
val 603 and/or scan period 601 may be longer or shorter than
the above example. Additionally or alternatively, the scan-
ning interval 603 and/or scan period 601 may be a predeter-
mined length stored on the ROM 204, the RAM 206, or the
hard drive 208. Optionally, the scanning interval 603 and/or
scan period 601 is configured by the user, such that, the
interval 603 or period 601 may be increased or decreased. The
RF subsystem 230 continually repeats the scanning interval
603 until the CPU 202 acknowledges receipt of the advertise-
ment notice 605.

[0056] The scan period 601 and the advertisement period
602 occur independent and asynchronous with respect to one
another, such that the advertisement notices 605 intermit-
tently overlap the scan intervals at 604 and 606. Each period
length is predetermined from distinct and separate sources.
The scan period 601 is predetermined or configured by the
user of the external device 201. Separately, the advertisement
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period 602 is predetermined by the protocol syntax stored in
the memory 194 of the IMD 101. One of the scan period 601
and the advertisement period 602 may be altered, while, the
length of the other period (e.g., advertisement period 602,
scan period 601) remains constant.

[0057] The scan period 601 has an asynchronous phased
relation with respect to the advertisement period 602 in order
that a phase interval 615 between beginnings of the scanning
intervals 603 and advertisement notices 605 continuously (or
intermittently) changes.

[0058] For example, the scan period 601 may be 4 s having
the scanning interval 603 of 1 s, and advertisement period 602
may be 5 s having the advertisement notice 605 of 1.5 s. The
different lengths of the periods 601 and 602 represent the
asynchronous phased relationship with respect to each other.
The asynchronous phased relationship causes the advertise-
ment notice 605 and the scanning interval 603 to begin at
different times thus creating phase intervals 615. The length
of the phase interval 615 can be extended or shortened by
changing the advertisement period 602 of the IMD 101 or the
scan period 601 of the external device 201. Thus, by config-
uring the advertisement period 602 or the scan period 601, the
phase interval 615 may continuously change or be changed
intermittently after a set number of cycles. The beginning of
the cycle occurs at the transmission of the advertisement
notice 605 or the scan interval 603. The phase interval 615
may be controlled by the user changing the scan period 603 of
the external device 201 or by the microcontroller 160 chang-
ing the advertisement period 602 of the IMD 101.

[0059] For example, the phase interval 615 of the timing
diagram 600, is continuously changing after each cycle. The
phase interval 6154, measured between the beginning of the
advertisement notice 605a¢ and the beginning of the scan
interval 603a, may be approximately 1.5 s long. The adver-
tisement notice 605a and the scanning interval 603a do not
partially overlap. The phase interval 6155, between the adver-
tisement notice 6055 and the scanning interval 6035, may be
approximately 750 ms long. The phase interval 615c¢,
between the advertisement notice 605¢ and the scanning
interval 603¢, may be approximately 250 ms long. Accord-
ingly, the length of the phase interval 615 continuously
changes each cycle. The changes in the length of the phase
interval 615 illustrate that each cycle or repetition of the
scanning interval 603 and the advertisement notice 605 shifts
with respect to each other allowing for partially overlapping
events at 604 and 606 to occur. For instance, only the phase
intervals 6155-615¢ are associated with partially overlapping
advertisement notices 605b-c and scanning intervals 6155-c.
Although the periods 601, 602 are asynchronous, the scan-
ning intervals 602 and the advertisement notices 605 will
partially overlap and enable the external device 201 intermit-
tently or after a set number of cycles to receive the advertise-
ment notice 605. The overlaps occur intermittently, in that
after a number of cycles the interval 603 and notice 602 will
partially overlap in fewer cycles than the number of cycles.
For example, the interval 603 and notice 602 partially overlap
after the fourth and fifth cycle of the scanning interval 603 or
the third and fourth cycle of the advertisement notice 605.
[0060] Optionally, the IMD 101 may have an advertisement
mode that decreases the number of cycles needed until the
communication link 104 is established, by increasing the
likelihood of the scanning interval 603 partially overlapping
the advertisement notice 605. During an advertisement mode,
the microcontroller 160 may decrease the length of the adver-
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tisement period 602, relative to not being in the advertisement
mode, thus, increasing the number of advertisement notices
605 in a time frame 609. The increased number of advertise-
ment notices 605 increase the number of partial overlaps with
the scanning intervals 603, allowing the external device 201
to detect or receive the advertisement notice 605 in a shorter
amount of cycles relative to the IMD 101 not being in an
advertisement mode.

[0061] For example, FIG. 65 illustrates a timing diagram
650 of an exemplary embodiment having the external device
201 and IMD 101 using a wireless protocol that utilizes a
specified frequency for the advertisement channel. The exter-
nal device 201 is repeatedly scanning the advertisement chan-
nel, such that, the scan period 601 of the scanning interval
603, for example, may be 4 s. Optionally, the scan interval 603
may be longer or shorter than that illustrated in FIG. 65. The
IMD 101 operates in two modes, a default mode 610 and the
advertisement mode 611. The advertisement notices 605 and
613 for each mode 610 and 611 is illustrated in timing dia-
gram 650.

[0062] When the IMD 101 is in the default mode 610, the
IMD 101 transmits the advertisement notice 605 repeatedly
such that the advertisement period 602, for example, may be
5's. The advertisement notices 605 and the scanning intervals
603 partially overlap after approximately 12 s and 17 s, or at
the fourth and fifth cycles of the scanning interval 603.
[0063] When the IMD 101 is in the advertisement mode
611, the advertisement period may be reduced, for example,
to 2.5 s. The reduced advertisement period 612 increases the
number of advertisement notices 613 transmitted by the IMD
101 than in the default mode 611 during the same period.
Such that after, for example, 20 s (the time period 609), the
IMD 101 in the advertisement mode will have had eight
cycles or transmitted eight advertisement notices 613 while
only four advertisement notices 605 would have been trans-
mitted in the default mode 610. While in the advertisement
mode 611, the advertisement notices 613 and the scanning
intervals 603 partially overlap, for example, after approxi-
mately 4 s, 12's, 17 s, or at the second, fourth, and fifth cycle
of'the scanning interval 603. Thus, the IMD 101 operating in
the advertisement mode 611 allows the external device 201 to
receive the advertisement notice 605 in a shorter amount time
and with more partial overlaps relative to the IMD 101 not
being in an advertisement mode 611.

[0064] At 304, the method determines whether the external
device 201 detects the advertisement notice. For example, the
external device 201 receives the advertisement notice in the
form of a data packet transmitted from a remote device. The
CPU 202 analyzes or compares the data packet with the
protocol syntax stored on the ROM 204, the RAM 206, or the
hard drive 208. The protocol syntax may include the structure
of an advertisement notice (e.g., data packet specifications,
appropriate number of bits, frequency, or the like) utilized by
the wireless protocol. Optionally, the advertisement notice
may include a unique code designating the packet as an adver-
tisement. By comparing the protocol syntax with the data
packet, the CPU 202 determines whether the received data
packet is an advertisement notice using the wireless protocol
of the external device 201. If the received data packet is
determined not to be an advertisement notice, the external
device 201 may continue scanning the advertisement chan-
nel.

[0065] In one embodiment, optionally, the external device
may acknowledge receipt of the advertisement notice. For
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example, when the CPU 202 determines that the data packet
received by the RF circuit 254 is the advertisement notice
605, the CPU 202 may output an acknowledgment receipt
(e.g., data packet) to be transmitted by the RF circuit 254
along the advertisement channel. The acknowledgment
receipt may include address information of the external
device 201 and/or the IMD 101, or a request for further
information or data from the IMD 101 to establish the com-
munication link 104 (e.g., transceiver identification, patient
identification, frequency information, or the like).

[0066] At305 the method establishes acommunication link
between the IMD 101 and the external device 201. The com-
munication link 104 is established once data is exchanged
between the IMD 101 and the external device 201.

[0067] Forexample, the advertisement notice 605 may con-
tain specifications for the frequency and/or timing specifica-
tions for the data channel to exchange data with the IMD 101.
Once the CPU 202 of the external device 201 determines the
advertisement notice has been received, the CPU 202 will
partition the data channel and the address of the IMD 101
from the advertisement notice. The CPU 202 constructs a data
packet by adding packet frames to conform to the protocol
such as the address of the IMD 101 and/or external device
201, error detection codes such as CRC, a payload, or the like.
The payload may include instructions and/or measurement
requests from the user intended for the IMD 101. Once the
data packet has been formed, the CPU 202 outputs the data
packet to the RF subsystem 230 to be transmitted along the
data channel to the IMD 101.

[0068] The RF circuit 110 receives the data packet and
outputs to the microcontroller 160. The microcontroller 160
may store the data packet in memory 194 for analysis. The
microcontroller 160 determines whether the data packet is in
response to the advertisement notice 605 by comparing the
address information of the data packet with the address trans-
mitted by the IMD 101 within the advertisement notice 605.
If the address information matches, the microcontroller 160
partitions the payload from the data packet and carries out the
instructions of the payload by comparing the instructions to
the stored instruction set on the memory 194. Optionally, the
microcontroller 160 may compare the address information of
the external device 201 on the data packet with a permissible
links table stored in memory 194 to determine whether the
IMD 101 should ignore or partition the payload of the data
packet. Once the microcontroller 160 completes the
requested instructions, the microcontroller 160 constructs a
responsive data packet to the external device 201 conforming
to the protocol. Once the responsive data packet is con-
structed, the microcontroller 160 outputs the responsive data
packet to the RF circuit 110 establishing the communication
link 104 with the external device 201.

[0069] In one embodiment, optionally, when the IMD 101
enters into the advertisement mode, the transmitting opera-
tions of the protocol utilized by the IMD 101 are in accor-
dance with the Bluetooth Discovery Service used by the
Bluetooth and/or BLE protocol. The Bluetooth and BLE pro-
tocols are defined within “Bluetooth Specification Version
4.0 [Vol 0], published Jun. 30, 2011 (incorporated herein by
reference).

[0070] For example, the microcontroller 160 triggers the
IMD 101 into the advertisement mode by constructing the
advertisement notice in accordance with the Bluetooth Dis-
covery Service used by the BLE protocol. The advertisement
notice contains a preamble, an access address, a protocol data
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unit (“PDU”), and a CRC. The preamble and access address
are predetermined eight and 32 bit values that may be stored
on the memory 194. The PDU contains a 16 bit header and a
variable sized payload. The payload contains the address field
for the IMD 101.

[0071] Once the advertisement notice is constructed, the
microcontroller 160 may output the advertisement notice to
the RF circuit 110 for transmission on the advertisement
channel having a center frequency at 2402 MHz, 2426 MHz,
or 2480 MHz. The advertisement period may be less than or
equalto 10 ms or may be a predetermined length stored on the
memory 194.

[0072] The microcontroller 160 will instruct the RF circuit
110 to monitor for requests by the external device 201 on the
advertisement channel of the transmitted advertisement
notice. If no request is received by the RF circuit 110 by the
end of the advertisement period, the microcontroller 160 may
instruct the RF circuit 110 to transmit another advertisement
notice on the same or another advertisement channel. Alter-
natively, if the RF circuit 110 receives a connection request
from the external device 201 containing the address of the
IMD 101, the microcontroller 160 may establish a commu-
nication link 104 with the external device 201.

[0073] Inone embodiment, optionally, the IMD 101 enters
into the advertisement mode when the IMD 101 detects an
induced magnetic field upon the IMD 101. A magnetic sensor
such as a hall sensor, MEMS sensor, or the like may be
operatively coupled to the A/D data acquisition system 190 of
the IMD 101. The A/D data acquisition system 190 measures
and stores the output of the magnetic sensor. The A/D data
acquisition system 190 compares the stored measurements
for sudden changes in the magnetic field of the IMD 101, such
that, the A/D data acquisition system 190 detects whether a
magnetic field is induced upon the IMD 101. Once the mag-
netic field is detected, the A/D data acquisition system 190
outputs a detection signal to the microcontroller 160. The
microcontroller 160 responds by triggering the IMD 101 into
the advertisement mode.

[0074] The magnetic field may be induced by the user (e.g.,
patient, physician) of the external device 201 intending to
establish the communication link 104 between the external
device 201 and the IMD 101. Optionally, a solenoid may be
coupled to the external device 201, allowing the user to
induce the magnetic field upon the IMD 101 from the external
device 201.

[0075] In one embodiment, optionally, the IMD 101 may
enter into the advertisement mode when the IMD 101 detects
a predetermine vibration scheme. The vibration scheme may
be a signal output to a vibration motor coupled to the external
device 201 that corresponds to a speed and/or pattern. The
vibration motor may be a DC motor with an offset mass or
weight attached to the shaft. Once the signal output is
received by the vibration motor, the vibration motor spins the
shaft at a speed and/or direction that corresponds to the signal
output. The offset mass on the shaft causes the motor to be
displaced or vibrate. The signal output may be activated by
the user of the external device 201 intending to establish the
communication link 104 by using the touchscreen 224, the
standard keyboard 226, or custom keys 228. The CPU 202
retrieves the vibration scheme from the ROM 204, the RAM
206, the hard drive 208 corresponding to the connection
instruction from the user. The CPU 202, through the Serial
1/0 Circuit 220, outputs the signal output to the vibration
motor. The vibration motor is placed on or near the IMD 101
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such that the vibration motor causes the IMD 101 to be
displaced by the vibrations of the vibration motor.

[0076] Thephysiologic sensor 112, configured as the accel-
erometer, of the IMD 101 detects the displacement or changes
in position of the IMD 101 from the vibrations. The physi-
ologic sensor 112 outputs position measurements of the IMD
101 to the microcontroller 160. The microcontroller 160 may
compare the changes in the position measurements to deter-
mine a speed or pattern which will correspond to the vibration
scheme from the vibration motor. The microcontroller 160
compares the measured vibration scheme to a predetermined
vibration scheme stored on the memory 194. Once the micro-
controller 160 determines that the two vibration schemes are
approximately similar within a set threshold or error rate, the
microcontroller 160 triggers the IMD 101 into the advertise-
ment mode. The set threshold may be a predetermined
amount stored on the memory 194.

[0077] In one embodiment, optionally, the IMD 101 may
enter into the advertisement mode when the IMD 101 detects
an inductive telemetry signal. For example, the telemetry
wand 262 of the external device 201 may include an inductor
coil circuitry. The RF circuit 110 of the IMD 101 may be
configured with an inductive telemetry antenna. Once the
user instructs the external device 201 to form the connection
link 104 with the IMD 101, the CPU 202 outputs a corre-
sponding telemetry signal stored on the ROM 204, the RAM
206, or the hard drive 208 to the RF subsystem 230. The
telemetry signal, transmitted by the telemetry wand 262,
changes the inductive coupling between the telemetry wand
262 and the inductive telemetry antenna of the RF circuit 110.
The microcontroller 160 measures an electrical change
caused by the inductive coupling, such as a voltage or a
current change from the output of the RF circuit 110, to
determine the telemetry signal. The microcontroller 160 com-
pares the measured telemetry signal with a predetermined
telemetry signal stored in memory 194. Once the microcon-
troller 160 determines that the telemetry signals are approxi-
mately similar within a set threshold, the microcontroller 160
triggers the IMD 101 into the advertisement mode.

[0078] In one embodiment, optionally, the IMD 101 may
enter into the advertisement mode when the IMD 101 detects
a select RFID signal. For example, the RF subsystem 230
includes an RFID circuit. The RFID circuit transmits a pre-
determined identification signal that corresponds to the exter-
nal device 201. The identification signal may be stored on the
ROM 204, the RAM 206, the hard drive 208, or an internal
memory ofthe RFID circuit. Alternatively or additionally, the
identification signal may be input by the user using the touch-
screen 224, standard keyboard 226, or custom keys 228.

[0079] The user instructs the external device 201 to form a
connection link 104 with the IMD 101. The CPU 202 initiates
the communication link instructions, by outputting the iden-
tification signal to be transmitted by the RFID circuit. Once
the identification signal is received by the IMD 101, the RF
circuit 110 outputs the identification signal to the microcon-
troller 160. The microcontroller 160 determines whether to
enter into an advertisement mode by comparing the identifi-
cation signal with stored identification signals on memory
194. The stored identification signals may be a table or list of
all external devices that may form a communication link 104
with the IMD 101. Once the microcontroller 160 finds a
match for the identification signal, the microcontroller 160
triggers the IMD 101 into the advertisement mode.
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[0080] The memory 194 may include or represent one or
more memories (e.g., a tangible and non-transitory computer
readable memory, such as a computer hard drive, EEPROM,
ROM, RAM, orthelike) having atable, list, database, or other
memory structure used to store information used in conjunc-
tion with performing one or more of the methods described
herein.

[0081] One or more of the operations described above in
connection with the methods may be performed using one or
more processors. The different devices in the systems
described herein may represent one or more processors, and
two or more of these devices may include at least one of the
same processors. In one embodiment, the operations
described herein may represent actions performed when one
or more processors (e.g., of the devices described herein) are
hardwired to perform the methods or portions of the methods
described herein, and/or when the processors (e.g., of the
devices described herein) operate according to one or more
software programs that are written by one or more persons of
ordinary skill in the art to perform the operations described in
connection with the methods.

[0082] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular situa-
tion or material to the teachings of the inventive subject
matter without departing from its scope. While the dimen-
sions and types of materials described herein are intended to
define the parameters of the inventive subject matter, they are
by no means limiting and are exemplary embodiments. Many
other embodiments will be apparent to one of ordinary skill in
the art upon reviewing the above description. The scope of the
inventive subject matter should, therefore, be determined
with reference to the appended claims, along with the full
scope of equivalents to which such claims are entitled. In the
appended claims, the terms “including” and “in which” are
used as the plain-English equivalents of the respective terms
“comprising” and “wherein.” Moreover, in the following
claims, the terms “first,” “second,” and “third,” etc. are used
merely as labels, and are not intended to impose numerical
requirements on their objects. Further, the limitations of the
following claims are not written in means-plus-function for-
mat and are not intended to be interpreted based on 35 U.S.C.
§112, sixth paragraph, unless and until such claim limitations
expressly use the phrase “means for” followed by a statement
of function void of further structure.

[0083] This written description uses examples to disclose
several embodiments of the inventive subject matter and also
to enable a person of ordinary skill in the art to practice the
embodiments of the inventive subject matter, including mak-
ing and using any devices or systems and performing any
incorporated methods. The patentable scope of the inventive
subject matter is defined by the claims, and may include other
examples that occur to those of ordinary skill in the art. Such
other examples are intended to be within the scope of the
claims if they have structural elements that do not differ from
the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the
literal languages of the claims.

[0084] The foregoing description of certain embodiments
of'the inventive subject matter will be better understood when
read in conjunction with the appended drawings. To the extent
that the figures illustrate diagrams of the functional blocks of
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various embodiments, the functional blocks are not necessar-
ily indicative of the division between hardware circuitry.
Thus, for example, one or more of the functional blocks (for
example, processors or memories) may be implemented in a
single piece of hardware (for example, a general purpose
signal processor, microcontroller, random access memory,
hard disk, and the like). Similarly, the programs may be
stand-alone programs, may be incorporated as subroutines in
an operating system, may be functions in an installed soft-
ware package, and the like. The various embodiments are not
limited to the arrangements and instrumentality shown in the
drawings.

[0085] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore, refer-
ences to “one embodiment” of the inventive subject matter are
not intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited fea-
tures. Moreover, unless explicitly stated to the contrary,
embodiments “comprising,” “including,” or “having” an ele-
ment or a plurality of elements having a particular property
may include additional such elements not having that prop-
erty.

[0086] In some embodiments, code including instructions
(e.g., software, firmware, middleware, etc.) may be executed
on one or more processing devices to implement one or more
of'the described functions or components. The code and asso-
ciated components (e.g., data structures and other compo-
nents used by the code or used to execute the code) may be
stored in an appropriate data memory that is readable by a
processing device (e.g., commonly referred to as a computer-
readable medium).

[0087] The components and functions described herein
may be connected or coupled in many different ways. The
manner in which this is done may depend, in part, on whether
and how the components are separated from the other com-
ponents. In some embodiments some of the connections or
couplings represented by the lead lines in the drawings may
be in an integrated circuit, on a circuit board or implemented
as discrete wires or in other ways.

What is claimed is:

1. A method for establishing a communications session
with an implantable medical device (IMD), the method com-
prising:

configuring an IMD and an external device to communi-

cate with one another through a protocol that utilizes a
dedicated advertisement channel;

periodically transmitting, from the IMD, advertisement

notices over the dedicated advertisement channel
according to the protocol, the advertisement notices
being transmitted periodically at an advertisement
period over multiple cycles;

repeatedly scanning the advertisement channel, by the

external device, for select scanning intervals in search of
the advertisement notices, the scanning operation being
repeated periodically at a scan period over multiple
cycles, wherein the advertisement period and scan
period are independent of one another such that the
advertisement and scan periods at least partially overlap
intermittently after a number of cycles; and

when the external device detects one of the advertisement

notices, establishing a communications link between the
external device and the IMD.
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2. The method of claim 1, further comprising lengthening
the scan period in order to shorten the advertisement period.

3. The method of claim 1, wherein the protocol includes
multiple dedicated advertisement channels and multiple data
channels.

4. The method of claim 1, wherein the protocol constitutes
a Bluetooth low energy protocol.

5. The method of claim 1, wherein the advertisement
notices are transmitted and asynchronous with respect to the
select scanning intervals, and the external device acknowl-
edges receipt of the advertisement notice.

6. The method of claim 1, wherein the IMD enters an
advertising mode, during which the transmitting operations
are performed in accordance with a Bluetooth Discovery
Service defined within the protocol.

7. The method of claim 1, further comprising triggering of
an advertisement mode when the IMD detects at least one of
1) a magnetic field induced upon the IMD, ii) a predetermined
vibration scheme, iii) an inductive telemetry signal, or iv) a
select RFID signal.

8. The method of claim 1, wherein the advertisement
period and scan period have an asynchronous phased relation
there between, such that a phase interval between the scan-
ning intervals and advertisement notices changes over mul-
tiple cycles.

9. A system for establishing a communication session with
an implantable medical device (IMD) comprising:

an external device that is configured to communicate over

a wireless protocol that utilizes a dedicated advertise-
ment channel, wherein the external device is configured
to repeatedly scan the advertisement channel during a
select scan interval such that the scan interval is repeated
periodically at a scan period;

an IMD that is configured to communicate over the wire-

less protocol, wherein the IMD is configured to repeat-
edly transmit an advertisement notice over the advertise-
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ment channel such that the advertisement notice is
repeated periodically at an advertisement period over
multiple cycles;

wherein the advertisement period and the scan period are

independent of one another such that the advertisement
and scan period at least partially overlap intermittently
after a number of cycles; and

the external device and the IMD are configured to establish

a communication link between the IMD and the external
device when the external device detects one of the adver-
tisement notices.

10. The system of claim 9, wherein the wireless protocol
utilizes multiple dedicated advertisement channels and mul-
tiple data channels.

11. The system of claim 9, wherein the protocol constitutes
a Bluetooth low energy protocol.

12. The system of claim 9, wherein the IMD is configured
to transmit the advertisement notice asynchronous with
respect to the select scanning intervals, and the external
device acknowledges receipt of the advertisement notice.

13. The system of claim 9, wherein the IMD is configured
to enter an advertisement mode, during which the transmit-
ting operations of the IMD and the external device are con-
figured to perform in accordance with a Bluetooth Discovery
Service defined within the wireless protocol.

14. The system of claim 9, wherein the IMD is configured
to enter an advertisement mode when the IMD detect at least
one of 1) a magnetic field induced upon the IMD, ii) a prede-
termined vibration scheme, iii) an inductive telemetry signal,
or iv) a select RFID signal.

15. The system of claim 9, wherein the advertisement
period and scan period have an asynchronous phased relation
there between, such that a phase interval between the scan-
ning intervals and advertisement notices changes over mul-
tiple cycles.



