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PROTOCOL IMPLEMENTATION FOR TELEMETRY COMMUNICATIONS
INVOLVING IMPLANTABLE MEDICAL DEVICES

FIELD OF THE INVENTION

The invention refates generally to implantable medical devices, and more

particularly, o telemelty communications involving such implanted medical devices.

BACKGROUND OF THE INVENTION

Implantable medical devices (IMDs) gre used fo treat patienls suffering from a
variety of conditions, Examples of IMDs involving cardiac devices are implantable
pacemakers and implamtable cardioverter-defibriflators (ICDs). Such electronic medical
devices generatly monitor the electrical activity of the heart and provide electrical
stimulation fo one or more of the heart chambers when necessaty. For example,
pacernakers are designed fo sense arrhvihmiag, e, disturbances in heart rhythm, and in
turn, provide appropriate slectrical stimulation pulses, af a controlled rate, 1o selected
chambers of the heart in order to correct the arrhvthimias and restore the proper heart
thythny The types of anhythinias that may be detected snd corrected by IMDs inclade
bradveardias {anusually slow heari rates), which can result in symptoms such as Fatigue,
dizzingss, and fainting, and certain tachycardias (unusually fast heart rates), which can
resalt in sudden cardiac death (SCD}.

Tmplantable cardioverter-defibrillators (ICDs) slso detect arthythmias and provide
appropriate efectrical stimulation pulses to selgcted chambers of the heatt 1o correct the
abnormal beart rate, In contrast lo pacemakers, howevar, an ICD can also provide pulses
that are much stronger and less frequent. This is becanse ICDs are generally designed to
cottect fibritlation, which is a rapid, unsynchronized quivering of one or more heart
chambers, and severe tachycardias, during which the heartbeats are very fast but
coprdinated. To correct such arrhythmiag, YCDs deliver low, moderate, or high-energy
shocks to the beart.

Generally, IMDs are equipped with an on-board memory in which telemetered

signals can be stored for later retrieval and analysis. In addition, a growing class of
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cardiac medical devices, including implantable heart faifure monitors, implantable event
monilors, cardiovascular monitors, and therapy devices, can be used fo provide simitar
stored device information. Typically, the felemetered signals can provids patient

physiclogic and cardiac information, This information is generally recorded on a per

in

heartbeat, binned average basis, or derived basis, and involve, for esample, stial electrical
activity, ventricular electrical activily, minute ventilation, patient aclivity score, cardiac
output score, mised venous oxygen score, sardiovasenlar pressure measures, time of day,
and any mterventions and the relative success of such interventions. Telemetered signals
can also be stored in a broader class of monitors and therapeotic devices for other arsss of
10 medicine, including metabolism, endocrinology, hemalology, neurology, muscular
disorders, gastroenterology, arology. ophthalmology, otolaryngology, orthopedics, and
similar medical subspecialties.
Generally, upon delecting arrhythmias and, when necessary, providing
corresponding therapies to correct such arshythmias, the IMDs store {he telemetered
15 signals over a set period of time (asunlly before, during, and after the occurrence of such
arrhythimic evemt), Cusrent practice in the act invelves the use of an external
conumumication unit, e.g., an external programmer, for non-invasive conumanication with
IMDs via uplink and downlink commumication channels associsted with the
communication device, In sccordance with conventional medical devie programming
W systems, a programuning head can be used for facilitating two-way comnumnication
between IMDs and the extemal commuunication device, In many known implanted IMD
systems, the progranuning head can be positioned on the patient’s body over the IMD side
such that one or more gntennae within the head can send RF sipnals fo, and receive RF

signals from, one or more antennas disposed within the hermetic enclosure of the IMD or
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disposed within the comuector block of the IMD in accordance wilh common practice in
the art.

Implementation and operation of most, if not alf, RF communication systems for
IMDBs and extemal communication devices involves a balancing or compromising of
certa countervailing considerations, relaliog to such interrelated operational parameters
30 as data fransmission rate and transmission range, ameng numerons others, Such
operational parameters are often interrelated in the sense that the adinstment of one

operaling parameter may permit of require the adjustment of one or more other operating
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parameters even while predetermined system performance goals and/or requirements
continue o be met and predetenmined limitations imposed upon operational parameter
adjustment are adhered 0. One example of this is the irade-off between. signal vange snd
signal power. Simply stated, for a given communication scheme, a more powerful {e.g.,
higher amplitude) signal has a longer affective range. Thus, decreasing the range of a
communication link {e.g., reducing the distance between transmitters and receivers in fhe
link} atlows the transmission power to be decreased, while other operational parameters,
e.g., data fransmission rate, can be held at a constant value.

Another exaraple is the trade-off between data transmission rate and transmsitted
signaf power. Those of ordinary skill in the art will appreciate that in most instances,
increasing the data transmission rate over an R¥ channel typically requires increased
signal bandwidih, Ircreasing the bandwidth, in RF, tends to lead 1o increased power
consumption by the communication system in order to maintain an accepiable si anal-to~
noise rafio.

Still another example of the rade-offs associated with the operational parameters,
and system performance goals of an RF conununication system is associated with data
transmission rate versus signal range. As noted above, increasing data transmission rate
typically resalts in an increased bandwidth of the fransmitted signals; conversely,
decreasing data transmission rate typicaily reduces signal bandwidth, I handwidth can be
reduced, the range of pperation can be increased for a given fevel of power consumplion.
As noted above, the foregoing and other trade-offs associated with various operational
parameters of a communication systom arise in most applications involving RF

transmission and reception, However, the nature of the interrelation between the various

operalional parameters may vary depending, for example, upon the type of modulation

used (.., pulse position modulation, frequency shift keving, frequency modulali on,
amplittde modulation, ete.), as well as upon the type of coding used. T the context of
IMD systems, there are additional considerations that must be addressed. Primary among
these are reliability of transmission and reception, and conservation of implanted device
power. Conservation of implanled device power (which in most cases implies
minimization of current drain upon an implanted device's infernal battery) in particular
renders the aforementioned trade-offs -- rate-versus-range, FAnQe-Yersus-powsr, rate-

versus-power, as well as othars - highly significant. In most cases, however, the seltin 23
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of operational parameters of interest are static, or if adjusiable, are adjusted simply using a

single parameter,

SUMMARY OF THE INVENTION

Embodiments of the invention relate 1o optimizing telemetyy conumunication

ta

involving one or more medical devices and one or more electrical devices. The lelerefry
communication is oplimized by implementing software and/or one or more additional
circuits within at feast one medical device and at least one electrical device to provide one
or more modes or functions of optimizing transfer of dala between the medical device and
10 the at least one slecirical device, minimizing interference of the data transfer, and reducing
data transfer time andfor preserving electrival energy sources of one or more of the
medical device and the at least one electtival device.
In some embodiments, & system for oplimizing telemetry commumication involving
one or more medical devices is provided. The system comprises a madical device, one or
15 more electrical devices, and circuitty within one or more of the medical device and 51 least
one of the one or more efectsical devices. The medical device is implanted in a patient,
and has a unit incloding one or more of a transmitter and a seceiver, wherain the medical
device unit is configured for enabling telemetry conmmunications involving the medical
device, The at lenst one electrical device has a unit inclading one or more of 8 fransmitter
20 and a receiver, wherein each electrical device unit is configured for enabling telemery
conuvnumications between the at least one slectrical device and the medical device. The
circuiiry is configured to implement one or more modes of protocal for telemetry
communications between the af least one electrical device and the medical device, The

one of more modes of protocol are configured fo provide one or more of optimizing
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transfer of dats between lhe medical device and the at Jeast one electrical device,
minimizing interference of the data transfer, and preserving elecirical energy sources of
ong or more of the medical device and the at least one electrical device.

In some embodiments, a system for oplimizing lelemetry commumication involving
one or more medical devices is provided. The system comprises a medical device, one or
30 more electrical devices, and cireuitry within one or more of the medical device and i least
one of the one or more electsival devices. The medical device is implanted in a patient,

and has a unit Including one or more of a transmitter and a receiver, whersin the medical
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device unit is configured for enabling telemetty communications invelving the medical
device. The at least one lectrical device has s unit inclading one or more of 2 transmitter
and g receiver, wherein each electrical device wnit is configured For enabling telemetry

communications between the at least one electricnl device and the medical device. The

i

circuttry is configured to provide one or mors functions of oplimizing transfer of data
between the medical device and the at feast one electrical device, minimizing interference
of the dala fransfer, and preserving electrical energy sowrces of one or more of the medical
device and the at least one electrical device,
fo other embodiments, a method of optimizing telemetry communication betwesn
10 one or more medical devices is provided. The method comprises providing a medical
device implanted in a patient, where the medical device has a unit including one or more
of a transnitter and a recetver, wherein the madical device wnit is configured for enabling
telemetry communications involving the medical device. The method comprises
providing one or more electrical deviges with at least one of the one or more elecirical
15 devices has a unit including one or more of a transmitter and a receiver, wherein each
electrical device unit is configured for enabling telemeity communications between the at
least one electrical device and the medical device. The method comprises providing
cireuitry within ong or more of {he medical device and the af least one electrical device,
where the clreuitry is configured fo implement one or more modes of protocol for the
20 telametty communications betwean the at least one electrical device and the medical
device. The one or modes of protocol are configured 1o provide one or more modes of
optimizing transfer of data balween the medical device and the at least one eleclrical
device, minimizing interference of the data transfer, and preserving electrical energy

sources of the medical device and the at least one electrical device,

[O I
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an Hllustration of a system including an implantable medical device in
accordance with certain embodiments of the invention.
FIG. 2 is a block diagram of exemplary circuitry of the implantable medical device
30 of FIG. 1.,
FIG. 3 is a block diagram of exemplary units implemented in the implantable

medical device of FIG. I and in an external communication device.
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FIG. 4 is a perspective view of an external processing monitor in accordance with
certain embodiments of the invention.
FI1G. 3 is a block diagram of specific modes of telemaelry protocol in accordance

with certain embodiments of the invention.

i

DETAWLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following discussion is presented o engble & person skilled in the art fo make
and use the present teachings. Various modifications 1o the illustrated embodiments will
be readily appasent to those skilled in the ast, and the generie principles herein may be
10 applied 1o other embodiments and applications without departing from the present
teachings. Thus, the present teachings are not intended to be limited 1o the embodiments
shown, but are to be accorded the widest scope consistent with the principles and features
disclosed herein. The following detailed description is fo be sead with reference to the
figures, in which like elements in different figures have like reference numersls. The
15 figures, which are not necessarily 1o scale, depiet selected embodiments and ave not
intendeed 1o Hmit the scope of the present teachings. Skitled artisans will recognize the
examples provided herein have many useful alternatives and fall within the scope of the
present teachings.
The embodiments of the present invention can be implemented with sy IMD
20 having RF telemetry capabilities. Af present, 3 wide variety of IMDs are commercially
available or proposed for clinical implantation. Sach IMDs include pacemakers as well as
ICDs, drug delivery pumps, cardiomy ostimulators, eardiac and other physiologic
monitors, nerve and muscle stimulators, deep brain stimulators, cochlear implants, and

 artificial organs (e.g., such as artificial hearts). In addition, as the technology advances, it

oo
th

is contemplated that IMDs shall become even more complex with respect to
programmable operating modes, menus of operating parameters. snd monitoring
capabilities of increasing varieties of physiologic conditions and electrical signals. ¥t isto
be appreciated that embodiments of the present lavention will be applicable in such
emerging IMD lechnology as well. Further, the embodiments of the invention can be

30 implemented in more than one IMD implamted within the same patient to enable telemetry

conuuunication between the IMDs.
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FIG. 1 illustrates bi-directional telemetry communication involving one or more
IMDs in accordance with certain embodiments of the invention. In certain embodiments,
as shown, telemetry communications 40 and 42 (as described herein) can tgke place

between an IMD 10 and any number of electrical devices. In certain embodiments, the

L4

electrical devices can include one or more of at least one implamable medical

instramentation and of af least one extomal communication device. As shown in FIG. 1 .

in certain embodiments, the at Jeast one tmplantable medical instramentalion can include

IMB 107 and the at least one externat conununication device can inclide external

communication devices 12 and 12°; however, it is to be appreciated that snch quantities

10 are simply exemplary and oot provided to limit the jovention. While embodimenis may be
generally described herein involving telemetry communications 40, 42 between the IMD
18 and the external communication device 12 (with respect to FIGS. 2 throngh 5), itis o
be appreciated lhat the ivention, as shown, is equally applicable in embodiments in which
such felemetry commmunications oceur between the IMD 10 and any other slecirical

15 devices {e.g., the IMD 10" and/or the external commanication device 12°). Further, it is to
be appreciated that the invention, as shown, is equally applicable in embodinments in which
telemetry communications occur between the IMD 107 and other IMDs andfor other
electrical deviees {e.g, the IMD 10° andfor one or more of the external commumication
devices 12, 12°).

20 In certain embodinents, when the IMD 10 is used for cardiac applications {e.g., to

provide cardiac sensing and pacing funclions for a patiens), the IMD 10 can be a cardise

device; for example, a pacemaker, an 1ICD, a hemodynamic monitor, ete.; however, as

described above, neither the IMD 10 (nor the IMD 10° or any other IMDs similarly

implanted in patient 14) shoald be limited lo such applications or such devices. The IMDs

[ I
th

10, 107 are implanted in the same patient 14 subeutaneousty or submuscularly and, i
certain embodiments, can be typically oriented to the skin surface. In certain
embodiments, when the IMB 10 is used for cardiac applications, as shown, the IMD 10 is
electrically coupled to heart 16 of the patient 14 through pace/sense or
cardroversion/defibrillation electrodes operatively coupled to lead conductor(s) of one or
30 more endocardial feads 18, which in tum, are coupled to a connector block 1% of the IMD

10 1n a manner well known in the art,
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As generally mentioned above, among other design functions, each of the extemal
communication devices 12 and 127 is designed for non-invasive comnuunication with one
or more of the IMD 10 and IMD 10°, where such communication is enabled via downlink
and uplink cormmnunication chamnels, which will be further described below. In certain
ambodiments, one or more of the external communication devices 12, 12° can be an
external pressure reforence monitor (EPR). An EPR is typically used 1o detive reference
pressure data for use in combination with nbsolute pressure derived from an IMD. In
addition, an EPR measures and records barometric pressure which is necessary for
correlation {o atmospheric pressure. However, it is to be appreciated that the invention
should nol be Himited to such. Generally, any form of portable programumer, inlerrogator,
recorder, monitor, or telemetered signals transmitter and/or receiver found suitable for
communicating with the IMD 10 and/or the IMD 10°, in turn, could be used for the
external communication devices 12, 12°.

FIG. 2 shows an exemplary block diagram of the elecironic eircuitry of he IMD 10
in accordance with certain embodiments of the invention. While FIG. 2 specifically
references the IMB 10, it is 1o be appreciated that, in ceriain embodiments, the IMD 107
{and any ofher IMDs implanted in the patient 14} can be similarly configured. As can be
seen from FIG, 2, the IMD 10 includes primary circuitry 20 for mannging the device's
fanctioning, with such primary circuiity 20 being contained within a hermetic enclosure of
the IMD 10, The primary circuitry 20 inclndes a number of elecirical componants, most
of which are exeruplified in published TS, Pat. Appl. No. 09/720845, entitled
“Implantable medical device incorporaling integrated circuil notch filters”, which patent
application is incorporated herein by reference in relevant part, In certain embodiments,
the primary circuilry 20 in FIG. 2 includes sense amplifier cireuitry 22, therapy delivery
circwitry 24, » cryslal oscillator circutl 26, a random-access memory and read-only
memaory (RAM/ROM) unit 28, a processing unit 30, and an electrical energy source 32, In
cerfain embodiments, the primary circuitry 20 also ncludes an internal comnwmication
cireuit 34 and one or more antennas 36 so that the IMD 10 is capable of communicating
with the external communication device 12. 1t shonld be appreciated that the below
descriptions of the primary circuitry 20 within the IMD 10 are merely exemplary

configurations,
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In certain embodiments, when the IMID 10 is used for cardiac applications (2., o
provide cardiec sensing and pacing functions for the patient 14, the IMD 10 is coupled fo
the one or more endocardial leads 18 which, when implanied, extend transvenousty

between the implant site of the TMD 10 and the patient's heart 14, as previously noted with

La

reference to FIG 1. As mentioned above, the physical connections betsveen the leads 18
and the various internal components of IMD 10 are facilitated by means of a conventional
connector block assembly 19. Flecirically, the coupling of the conductors of the leads 18
and internal slectrical components of IMD 10 may be facilitated by means of 3 lead
Interface circuit 38 which functions, in a mwltiplexer-like manner, 1o selectively and
16 dynamically establish necessary connections between vadous conductors in the leads 18
and individual electrical components of the IMD 10, as would be familiar to those of
ordinary skifl in the art. In certain embodiments, with respect to such cardiac applications,
the various conductors in the leads 18 can include atrdal tip and ring electrode conductors,
Agip and Ay, and ventricular ip and ring electrode conductors, V fip and Ve, For the sake
15 of clarity, the specific connections between the feads 18 and the varions components of the
IME} 10 are not shown in FIG. 2, althongh such connections will be familiar to those of
ordinary skill in the art. For example, in cardiac applications, the Ieads I8 will necessarily
be coupled, either directly or indirectly, 1o the sense amplifier circuitry 22 and the therspy
delivery circultry 24, in gecordance with common practice, such that cardiac elecirieal
0 signals may be conveyed o the sense amplifier circnitry 22 and such that stimulating
pulses may be delivered by the therapy delivery circuitty 24 to cardiac tissus, via the leads
18. Also not shown in FIG. 2 is the protection circuitry commonly included in implanted
devices to protect, for example, the sensing circuitry of the device from high voltage

stimulating pulses,

]
ih

As previously noted, the primary cireuilry 20 includes the processing unit 30 which
generally varies in sophistication and complexity depending upon the type and functional
features of the IMD 10, In certain ambodiments, the processing unit 30 can be an offithe-
shell programmable microprocessor, a microcontrolier, & custom integrated circuit, or any
of & wide variety of other implemenlations generally known. Although specific
30 connections between the processing unit 30 and other components of the stinwglation
control circuit 20 are not shown in FIG. 2, it will be apparent to those of ordinary skill in

the art that the processing unit 30 functions to control the timed operation of the sense
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asuplifier circuinty 22 and the therapy delivery circuitry 24, In cortain embodiments, the
fanctioning of the processing unit 30 would be under control of firmware and programmed
software algorithms stored in RAM and ROM including PROM and/or reprogranumable

ROM and are carried out nsing a processing unit of a typical microprocessor core

LA

architecture. I certain embodiments, the processing unit 30 can also include a watchdoy
cireuit, 8 DMA controfler, a lock mover/reader, a CRC caleulator, and other specific logie
circuitry coupled fogelher by on-chip bus, address bus, and power, clock, snd control
signat lines in paths or trees in a mamer well known in the arg.
In certain embodiments, a3 is known in the art, the electrical energy source 32
10 powers the primary circuitry 20 and can also be used to power any electromechanical
devices, e.g., valves, pumps, ete. of a substance delivery TMD, or to provide electrical
stimulation energy of an 10D shock gensrator, cardiac pacing pulse generator, or other
electrical stimulation generator. In certain embodiments, the electrical energy soures 32 is
ahigh energy density, low voltage batlery coupled with a power supply/POR civcuit
15 having power-on-reset (POR) capability. The power supply/POR cireuit provides one or
mors low voltage power Vi, the POR signal, one or more Vi sources, current sources,
an elective replacement indicator (BRI} signal, and, in the case of an JCD, high voltage
power Vi to the therapy delivery circuitty 24. For the sake of clarily in exemplary block
diagram provided in FIG. 2, the connections between the electrical encrgy source 32 and
A0 the electrical components of the IMI 10 are not shown, as one skilled in fhe art would be
familiar with sach connections.
In certam embodiments, the sense amplifier circuitty 22 can be configured to
process physiologic signals that are used to trigger or modulate therapy delivery and are

stored as physiologic signal data for later retrieval as deseribed herein. Genesally, the

o
h

sense grplifier cireuitry 22 is coupled to electrical signal sense electrodes andfor
physiclogic sensors on or in the hoasing of the IMD 10 or as mentioned above, sitnated at
sites distanced from the IMD housing, typically in distal pertions of the elongated leads
18, As is generally known, the sensors or electrodes focated ontside the hovsing are
coupled by conductors to feedthrongh pins of feadthroughs extending throngh the housing
30 wall. Certain physiologic sensors or sense electrodes can be mounted to a connector
assembly so that the conductors are quite short,
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In certain embodiments, the conductors include the elongated conductors of the
leads 13 extending to the remotely situated physiologic sensors and sense electrodes. As
such, i some cardiac applications, the sense amplifier circuitry 22 is designed fo receive
electrical cardiac signals from the leads 18 and to process such signals to derive event
signals reflecting the occurrence of specific cardiac electrical events, including atrial
contractions (P-waves) and ventricular contractions (R-waves). These event-indicating
signals are provided to the processing unil 30 for vse by the unit 30 in controlling the
synchronous stimulating operations of the IMD 10 in accordance with common practice in
the at, In addition, these event indicating signals may be comnumicated, via uplink
lransmission, fo the exiemal communicalion device 12.

I certain embodiments, the therapy delivery circuitry 24 can be configured o
deliver electrical stimulation to the patieni 14, 2.g., cardioversion/defibrillation shocks
and/or cardiac pacing pulses delivered (o the heart 16, or other electrical stimulation
delrvered to the brain, other organs, selected nerves, the spinal column, {he cochlea, or
muscle groups, including skeletal mugscle wrapped about the heart. Altematively, in
certain embodiments, the therapy delivery circuitry 24 can be configured as 2 drug pump
delivering drugs into organs for therapeutic treatment or into the spinal column for pain
relief. Aliernatively, in cerfatn embodiments, the therapy delivery circuitry 24 can be
confignred 1o operate an implantable heart nssist device or pump imyplanted in patients
awsdting a heart transplant operation.

In certain embodirnents, when the IMD 10 is ased for cardiac applications, the
sense amplifier circuilry 22 also includes patient aclivity sensors or olher physiclogic

sensors for sensing the need for cardic output and modulating pacing parameters

~ accordingly through many alternative approaches set forth in the prior art. If the IMD 10

Is an 1D, the therapy delivery circuitry 24 generally includes one or more high power
cardioversion/delibrillation cutput capacitors, electronic circuitry coupled to the sense
amplifiers for defecting and discriminating pathologic and/or nonpathologic arthythmias
from one another and providing other funetions, high voliage electronic circuitry for
charging the oulput capacitor(s) from a batlery voltage to a higher voltage, and electronic
switching circuitry for dumnping the charge built ap on the cutput capacitor(s) fhrough the

cardioversion/dafibriliation efectrodes operstivaly coupled to the one or more endocardial
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leads 18. Such IMDs are described in detail in U.S. Pat, Nos. 5,626,620 or 5,931,857,
respectively, which patents are incorposated herein by reference in their relevant parts,
Registers of the memory unif 28 can be used for storing data compiled from sensed cardiac

activity and/or relating to device operating history or sensed physiologic parameters,

th

Genegally, the data storage can be triggered manually by the patient 14, on a periodic
basis, or by detection logic {e.g., within the sense amplifier circaitry 22) upon satisfaction
of cerlain programmed-in ovent delection criteria. I not manuslly triggered, in certain
embodiments, the criteria for friggering data storage within the IMD 10 is programmed via
telemetry fransmitied instractions and parameter values. I manually trigeered, in some
16 cases, the IMD 10 includes a magnetic fleld sensitive switch that closes in response to a
magnetic field, and the closure canses a magnetic switch circudt 1o issue 8 switch cloged
(8C) signal 1o the processing unit 30 which responds in a "magnet mode”. For example,
the patient 14 may be provided with a magnet (e.g., incorporated with the external
communication device 12) that can be applied over the IMD 10 1o close the switch and
15 prompt the processing unit 30 to store physiologic episode data when the patient
experisnces certain sympiors andior deliver a therapy fo the patient 14. Following such
Iriggering, in certain embodiments, event related data, e.g., the date and time, may be
stored atong with the stored periodically collected or patient initiated physiologic data.
Typically, once stored, the data is ready Tor telemelry fransmission on receipt of a retrioval
W or intevspgation instruction,
In certain embodiments, the crystal oscillator circuil 26 generally emplovs clocked
CMOS digital togic ICs requiring a clock signal provided by a crystal (e.g., piczoelectsic)
and system clock coupled thereto as well as discrete components, e.g., inductors,

capactlors, transformers, high voltage protection diodes, and the Hike that are mounted with

I~
h

the ICs to one or more subsirate or printed cirenit board. Typically, each cloek signal
generated by the system clock is routed to all applicable clocked logic via a clock tree. In
cerfain embodiments, the system clock provides one or more fixed frequency clock signals
that are independent of the battery voltage over an operating battery vollage range for
syslem timing and control functions and in formatting telemetry signal transmissions.

30 Again, the lines over which such clocking signals are provided fo the various iimed
components of the IMD 10 {e.g., processing unit 32) are omitted from FIG. 2 for the sake

of clarify,
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Those of oxdinary skill in the art will appreciate that IMD 10 may include
numeroas other components and subsystems, for example, activity sensors and associated
circuitty. The presence or absence of such additionsl componenis in TMD 10, however, is

not believed to be pertinent to the present invention, which relates to the implementation

Lh

and operation of a communication subsystem in the IMD 10, and associated
communication subsystems in one or more of further implantable medical instrumentation
{e.g., IMD 107 and other electrical devices (e.g., external communication devices 12 and
127,
I certain embodiments, the IMD 10 can involve an implantable cardiac monitor
10 without therapy delivery system 24, ¢, an implantable EGM monilor for recording the
cardiac electrogram from electrodes remote from the heart as disclosed in U S, Pat. No.
3,331,966 and PCT publication WO 98/02209, which patent is incorporated hersin by
reference in its relevant part. Altesnatively, the IMD 10 can involve an implantable
hemodynamic monitor (IHM) for recording cardiae electrogram and other physiologic
15 sensor derived signals, e.g.. one or more of blood pressure, blood pases, temperature,
electrical impedance of the heart and/or chest, and patient activity. The Meduonic™
REVEALY Insertable Loop Recorder, having EGM electrodes spaced across its housing, ix
an example of the former, and the Medironic® CHRONICLE® IHM, coupled with a
capacitive pressure and temperature sensing ead and BGM sense electrodes of the type
A described in UL, Pat. No. 5,564,454, which patent is incorporated herein by reference in
its relevant part, is an axample of the latter,
As described sbove, the IMD 10 includes an internal communication eireuit 34 and
one of more antennae 36. I certain ambodiments, each of the antennae 36 are mounted {o

the IMD 10 in one or more of a wide variety of configurations. For example, one or more

[ I
in

of the IMD sntenmae 36 can take the form of a surface mounted sntenma (e. ¢.. as deseribed
in U.8. Pat. No. 4,401,119, which patent is incorporated herein by reference in its relevant
part), or one or more of the antennse 36 can be enclosed within or mosnted o the IMD
connector block assembly. However, it is to be appreciated that the lirvention shoald not
be limited to such. 1t is desirable fo reduce the size of the IMD while increasin g ils

30 functional capabilities and prolonging battery life to increase longevity. In accordance
with certain embodiments, the cusrent consumption of certain ranseeiver eircuils can also

be decreased v accomplish that goal. By way of background, the IMD telemetry system
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and functions are described as follows, For convenienoe of description, the embodiments
described as follows use short sange RF downlink telemeiry transorissions 40 and uplink
lelemetry transmissions 42, but it should be appreciated that the embodiments of the

inyention should not be limited to such. Similardy, the terms “telemeter”, “telemetry

La

transmission” and the like are intended to einbrace any such action and manner of

communicating and conveving data and commands batween the IMDY 10 and other

electrical devices (e.g., IMD 107, external communication deviees 12 and/or 127, and any
external monitoring device) in the uplink transmission direction and the downlink
transmission direction,

16 T the IMD 10, uplink and downlink telemetry capabilities are provided to enable
communication with one or more extemal electrical devicss (e.g., one or more of the
external communication devices 12, 127), a more proximal medical device on the patient’s
body, or other implantable medical instrumentation (e.g., BMD 107} in the patient's body.
Generally, the stored physiologic data as well as one or more of Teal-tirme generaled

15 physiotogic data and non-physiolagic data (collectively referved to herein as "patient
data”) can be ransoitted by upfink RF felemetty from the IMD 10 1o the other devices or
instrumentation in response to a downlink telemetered interrogation command, events
within the IMD 10 or patient 14, magnet swipe gcross the IMD 10 by the patient 14, upon
satisfaction of certain programmed-in event defection criterin andfor timed events. The

20 real-time physiologic data can include real time sampled signal fevels, e.g., intracardiag

electrocardiogrant amplitude values, and sensor output signals, The non-physiologic

palient data can include currently programmed device operating modes and parameter
values, battery condition, device ID, patient ID, implantation dates, device programming

history, real time event markers, and the Iike. In the context of implantable pacemakers

28]
ih

and ICDs, such patient dats can include programmed sense amplifier sensitivity, pacing or
cardioversion pulse amplitude, energy, and pulse width, pacing or cardioversion lead
impedance, programmed seiting, and/or accumulated statistics related 1o device
performance, e.g., data related to detected arthythmia episodes and applied therapies.
With respect to FIG. 3, in certain embodiments, programming commands or patient data
30 can be fransmitted between the one or more IMD antennae 36 associated with the IMD 10
and one or more anennae 44 associated with the external commsmication device 12. In

certain embodiments, a high frequency signal can be employed. As sach, it would not be
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necessary for the external communication device anlenma 44 to be comtained in an external
communication device RF head so that it can be located closs 1o the patient's skin
overtying the IMD 10. Instend, the extemal commupication device antenna 44 can be

located on the case of the external communication device 12 some distance, e.g., a fow

ihn

meters, from the IMD 10 in the patient 14, For example, the external conumumication
device 12 and extemal conmmunication device antenna 44 may be on a stand a few meters
or so away from the patient 14 as deseribed, for example, in the sbove-referenced *119
patent and in 1.8, Pat. Nos. 5,683,432 and 5,843,139, which patents are incorporated
herein by reference in their relevant parls. Moreover, the patient 14 may be active and
10 could be exercising on a treadmill or the like during a telenelrv interrogation and
transrission of real time ECG or physiologic parameters. The external communication
device 12 may also be designed to universally program existing IMDs that employ the
conventional ferrite core, wire coil, RF telemstry antenna of the prior art and therefore
also have g convenlionsl external commanication device RF head and sssociated soflware
15 for selective vse with such IMDs.
In an uplink telemetry transmission 42, the external communication device antenna
44 operaies as a felemety receiver antenma, and the IMD antenna 36 operates as a
lelemetry transmitier antenna. Conversely, in a downlink felemetry transmission 40, the
communication device antermia 44 operates 45 a telemetry transinitier sutenng, and the
W IMD antenna 36 pperates as a telemetry receiver antenna. As shown with respect to FIG
I, such telemetsy transmissions 42, 40 ars also referenced between the IMD 10 and the
IMD 107, between IMD 10 and extemal communication device 127, and between IMD 10°
and exiemnal communication device 12. As such, it is to be appreciated that IMD 10° and

external communication device 12° can be similatly configured as described herein with

[
3

¥

respect to IMD 10 and external commuwnication device 12 respectively, to actlitate bi
directional telemetry communications therewith.

In certain embodiments, the antenna 44 within the external conmuuication device
12 s olectrically coupled fo a telemenry fransceiver 43, .., comprising a telemetry
transmilter 46 and tolemetry recetver 48, Simdlarly, in cerlain embodiments, the IMD
30 antenna 36 is coupled to a telomelry ranscetver 49 comprising a telemetry transmitier 50
and telemetry receiver 52, which are located within the internal communications circait 34

of the IMD 10. In cerfain embodiments, the cormmanication device and IMD tefemetry
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transmitiers, 46 and 30 respectively, and the communication device and IMD telemetry
receivers, 48 and 52 respectively, can be coupled to control circuitty and registers under
{he control of & microcomputer and software, for example, as desoribed in U.8. Pal. Nos.
5,843,139 or U.8. Pat. No. 5,683,432, which patents are incorporated herein by reference
ins their refevant parts.

In an uplink telemetry transmission 42, the telernetered data can be encoded in any
of 8 wide variety of lelemetry formats. While not being Hmited fo such, some examples of
particular data encoding or modulation types andfor techniques that can be utitized with
such uplink transmissions include noise modulation, general spread spectrum encoding,
bi-pbase encoding, Frequency Shift Key (F8K), Time Division Multiple Access (TDMA),
pre-emphasiside-emphasis of baseband, vestigial, Code Division Multiple Access
(COMA), Quadraiure Amplitede Modulation (QAM), pifs, Quad-QAM, 236-0AM, 16-
QAM, delta modulation, Phase Shift Kev (PSK), Quadrature Phase Shift Keying ((3PSK],
Quadrature Amplitude Shift Keving (QASK), minimum shift keyving, Temed Frequency
Modulation (TEM), Orthogonat Frequency Division Multiplexing (OFDM), Blustooth,
any 802.11 modulation configuraion, Worldwide Interoparability for Microwave Access
{WIMAX), any 802.16 moduelation configuration, $02.15.4, and Zighee,

In certain embodiments, the uplink and downlink felemetry transmissions 42, 40
between the IMD 10 aud the external communication device 12 follow & telemetry
protocof that formulates, trausmits and demodidates data packets each comprising a bit
stream of modulated data bits. In certain embodiments, the data packets are formulated of
a data bit stream with a presrable, daja and ervor checking data bils.

In FIG, 4, there is shown a perspective view of an external processing monitor 54

n accordance with certain embodiments of the invention. In certain embodiments, the.

external processing monitor 54 can be used for bi-directional tefemetry conwnunication
{(via 40, 42) with any of the IMD 10 and other electrical devices (e.g., IMD 10 and the
external communication devices 12, 12°). From such telemetry communications 40 and
42, the external processing monitor 54 can be subsequently used to display or further
transmil patient data. The exteronl processing monitor 54 generslly includes a processing
unit (not visibly shown). As should be appreciated, the processing wnit can inchyde any of
a wide variely of devices. Whilenot being limited to such, the procassing nnit, in certain

erpbodiments, can be a personal computer type motherboard, e.g., a computer
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motherboard including a microprocessor and refated circvitry such as digital memory. The
details of design and operation of the computer system will not be set forth in delail in the
present disclosure, s 1t is believed that such details are well-known to those of ordinary
skill in the art. However, such external processing monitor 54 is described in more detail
in U8, Pat. Nos. 5,343,362 and 5,683,432, which patenis are incorporated herein by
reference in their refevant parts, While not shows, il is to be appreciated that sach
telemetry communications balween the external processing monitor 54 and the IMD 10
and/or any of the other electiical devices {e.g.. IMD 10° and/or one or more of the external
communication devices 12, 12°) can occur in combination with lelemetry comrmumications
occurring between the IMDs 10, 107 andfor belween one or miore of the IMDs 14, 10° and
ong or more of the extemal commanication devices 12, 127 (as exemplified in Figure 1).
Some of the aforementioned trade-offs or compromises described herein associated
with the operational parameters of an RF communication system are generally known in
the art. In view of the interretation of these various parameters of an RF system, incl uding
transmission rate, signal-to-noise ratio, enerey consumption, etc., embodiments of the
present invention contemplate a system in which preprogrammed software andéor one or
more additional cireuits {e.g., that are preprogrammed, funed, or fixed) are introduced
which enable one or more unigue modes of telemetry protocol fo be used by the IMD 10,
and/or one or more electrical devices (e.g., IMD 1", external communication devices 12,
127) to increase the overall efficiency of the system in light of the above-mentioned wade-
offs. As such, the system can be ased 1o achieve pne or mote of optimizing data
transmission, minimizing the risk of interference, snd preserving battery energy, such that
the system i3 optimized in terms of performance andfor power consumption while
performance goals of the svstern are still met, a5 will be hereinafter deseribed in further
detail. In certain ombodiments, the preprogrammed sofivare andfor additions! circuil(s)
are incorporated in the IMD internal communication circuit 34 {e.g., in a processor) and
similarly disposed in circuitzy of the external communication device 12. However, the
invention should not be so limited, as it should be appreciated that the softwase and/or the
additional circuit(s) could also be incorporated into the primary cirenitry 20 of the IMD 10
{e.g., in the processing unit 30) and/or one of the electrical devices (e.g., IMD 107,
external communication devices 12, 12°). {t showld be further appreciated that the

differing functions of the unique modes (enabled by the preprogrammed software andfor
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additional circuits) may be grouped in different combinations without depatting from the
spisit of the invention. While the modes are generally deseribed herein with raspect to
telemetry commumnications between lhe IMD 10 snd the exiernal communication device

12, it is 1o be appreciated that such modes can be similarly applisd with respect 1o

Lh

telemelry communications betwesn IMDs (.., betwveen IMID 10 and ITMD 10°) and 10
telemetry communications between one of more IMDs {e.g., IMD 10 andfor IMD | 0% and
a plurality of other electrical devices {e.g., external communication devices 12, 127), as
shown in FIG. 1.
One such unigue mode involves maintenance of the telemetsy link between the
10 IMD 10 and the external commanication device 12, As described herein, the IMD 10 and
external communication device 12 are designed to facilitate bi-dirsctional telemetry
communication therebatween; however, the potantial exists for a variety of problems to
crop up in establishing each of these transmission, as discussed below. As is known, such
communication generally takes place along uplink and downlink communication channels
15 that are available; however, such channels sre generafly Hinited in quantity. As such, al}
the available channels can be in use by other devices {a.g., other medical devices
communicating across these same channels), thereby delaying the desired communication
between the IMD 10 and external communication device 12. Further, even if
commurdcation across one or more available channels is possible, there is potenial for
20 signal integrity 1o be compromised. By the very nature of establishing use with one of the
channels, the signals being sent between the IMD 10 and external cormmunication device
12 are susceptible lo partial data loss. This is particularly problematic in environments in
which a plurglity of IMDs or other medical devices are using telemetry comnumications

channels simultangously (e.g., clinics, bospitals, nursing homes, ate.).

2
n

As such, under & unique mode referenced herein generally g “handshaking” mode,
a telemetry tink, or communication channel, can be maintained between the IMD 10 and
the external comnmmication device 12 at all times. Such link is maintained by continually
transmitting “handshaking™ signals between the devices across one channel, thereby
locking the channel away from being used by other devices. Tn certain embodiments, the
30 mainfenance of the link is facilitated by cirouitry within the internal communication circuit
34 of the TMD 10 andfor like circuitry within the esternal communication device 12, The

transmitied “handshaking™ signals are generally not used for transmitting patient data, but
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instead are merely transmitted between the IMD 10 and external communication device 12
to keep one or mote communication channels in use. In turn, the “handshaking™ signals
transmitted are generally shorl in duration. In cerfain embodiments, the “handshaking™

signals are ! bitintervals. As such, the continual transmitting of such “handshaking”

Lh

signals provides an insignificant drain on the electrical enerpy sources of the IMI 10
and/or external conmunication device 12.
In certamn embodiments, such “handshaking™ stgnals sre provided betwaen lhe
IMD 10 and external commmmicgtion device 12 at g tranumission rate that at Jeast
maintaing the channel for fature uplink/downlink fransmission signals from the devices,
10 Inn certain embodiments, the lransmoission rate of the “handshaking”™ signals between the
IMDB 10 and esternal communication device 12 is sufficiently incressed to prevent access
by other devices. Such “handshaking™ signals can be sent by one oy mwore of the IMD 1D
and the external communication devics 12, In certain embodiments, the transmission of
the “handshaking™ signals can be equally shared by the IMD 10 and the exiemal
15 comumunication device 12, As sach, upon either the IMD 10 or external communication
device 12 recetving a “handshaking” signal from the other, the receiving device responds
in kind by transmitting « return “handshaking”™ signal at a transmission rale fo continue to
lock the comresponding consmunication channel.
Another unigue mode involves the ransmittance of the data between the IMD 10
20 and the extesnal communication device 12. As described herein, the IMD 10 is designed
to transmit patient data stored therein to the external commumication devics 12, Asis
generally known, the transmission of such stored data is a drain on the electrical energy
sources of the IMD 10 and external commumication device 12, In gddition, the integrity
and tterference resistance of sech signals are generally susceptible dusing such

transmissions.

o8]
h

In certain embodiments, to solve the above limitations, the system can be designed 1o
function tnder a unique mode referenced herein generally as “low transfer rate™ mode. As
described above, increasing dafa transmission rate typically requires increasing the
bandwidth of the transmitled signals; however, decreasing data transmission rate typically
30 atlows for a reduction in the signal bandwidih, With the bandwidth reduced, the power
consumption of the efecirical energy sonrce as welf as the amount of noisa that is

introduced into the system (i.e., via a decreased signal-to-noise ratio of the transmitied
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signal) can be generally reduced. 'With the decreased transmission rate, the potential for
successfl fransmission may be increased.
I addition, in certain embodiments with respeet fo such “fow transfer rale™ mode,

error checking can be conducted so an incrensed sampling of the data signals can he

5

provided as the signals are transmitted by the IMD 10 and/or received by the exteral

copumunication devies 12, In certain embodiments, the increased sampling is factlitated

by circuitry within the infernal comnwnication circuit 34 of the IMD 10, As such, witha
reduction in fransmission rate, the Jatg signals can be sampled in lower than normal bit
lime crements while optimizing energy usage.

10 Also, in certain embodiments, (he power consumed during transmission of the patient data
can be further reduced. Specifically, during time periods when it is known that either the
transmission, reception or both will not be oconrring with respect to the IMD 10, ong or
more portions of the telemetry transceiver 49 of the IMD 10 can be temporarily placed in
an “of” state to decrease current drain on ihe electrical energy source 32. For example,

15 upon interrogation of the IMD 10 and subsequent transmission of the signals via the IMD
transmitier 50, the IMD recgiver 32 can be placed in an “off” state o dacrease current
drain on the electrical energy source 32,

Additionatly, the power consumed dwring transmission of the patient dats can be
reduced using a technigue of noise modulation technique similar to amplitude modulation,

2 Genexally, modulation schemes {e.g., CDMA) oparate sbove the threshold, vat spread the

spectram out unti the power level appems {e.g.. on a spectyum analvzer) to be below the

noise threshold, or require feedback established at higher power levels (or require other
power conirol mechanisms). Conversely, the noise modulation technigue suggested herein

‘attempts to minimize battery power at a level so low that the signal received is just above

28]
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or slightly below the noise threshold of the receiver such thal the signal at the deteclion
circuitry is at or below the noise foor st the detection circuitry. Assuch, in certain
embodiments, the internal communication circuit 34 can be programmed so as to keep one
or more portions of the IMD receiver 32 in an “setive” state during transmission. In tarn,
such portions of the receiver 52 can be used {o receive feedback (e.g., from the external

30 communication device 12) based on the relation of the data signals previousty transmitted
with the general noise threshold of the external conmmimication device 12. Ideally, the

IMP 10 is designed 1o operate as closs to the general noise threshold as possible. As such,
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in certain embodiments, the internal communication circuit 34 of the BMD 10 can adjust it
telemetry transmissions accordingly based on the feedback atained by the IMD receiver
52. This technique is glso benelicial because it generally improves signal security and

reduces potential for causing interference.

it

A further unique mode also nvolves the ransmittance of the data between the

IMD 10 and (e external comsmumication device 12, As described herein, the IMD 10 can

be designed fo store patient data upon certain events oceuming within the patient or upon

manual friggering by the patient 14, Subsequently, the stored patient data can be
transmitted apon the IMD 10 being tripgered {o.g., by the extemal communication device

10 12}, However, the IMD memory unit 28 is limtied as io the amount of data that can be
stored. As such, the IMD 10 can be designed to either oversvrite the previously stored data
of transmit the stored data upon the memory unit 28 reaching its capacity. Howeaver,
continual transmittal of the stored data has potential of causing a significant deain on the
IMD electrical energy source 32.

15 In certain embodiments, to solve the above limitations, the system can be designed
to function vnder a unique mode referenced herein generally as “data burst™ mode, in
which stored patient data is transmitled from the BMI 10 in data bursts. In certain
embodiments, this “data burst” type of telemetry fransmission would use a loop recorder,
e.8.. contained in the internal communication circuit 34, The implementation of such foop

W recorder would be most advantageous when IMDs are used which record patient data over

long time durations. One such IMD is the Medtronic® REVEALY Insertable Loop

Recorder, which can generally be called upon to capiure patient data for durations at least

ranging from twente-four o forfv-eight hours.

f certain embodiments of the “data burst™ mode, the intermnal commanication

28]
in

cireuit 34 of the TMD 10 can be designed lo communicate the patient data using multiple
cartiers. o turn, the patient data can be semt in a shorter time duration by transiitting
different sets of the data over different frequencies. Generally, this conld be accomplished
by using any modulation type or technique in which frequency division multiplexing or
other lechniques are used to create multiple distinet spectrams of modalated dats. One

30 exemplary modutation type is Orthogonal Frequency Division Multiplexing (OFDM):

however, as described above, the invention should not be Himited to such.
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Angther unique mode fusther involves the transmittance of the data between the TMD 10
and the extemal communication device 12, As described herein, stored pationt data can be
iransmitted from the IMD 10 upon triggering of the TMD 10 by the external
commuuication device 12. As described herein, the stored patient data is generally
transmitfed in packets, and there is potential for these packets to collide with other signals
and become Jost. With the loss of such packets, the signal ttegrity of the patient data
recovered by the exiernal communieation device 12 is compromised.

I ceriain embodiments, to solve the above limitations, the system can be designed
to function under a unique mode referenced herein generally as “random access protocol™
mode, in which fhe amount of lime between frangmissions from the IMD 10 is vatied by a
random amount of Hime, theveby reducing the probability of interference. In certain
ambodiments, such technigues for randomization of the patient data transmissions can be
programimed within processing circaitty of the internal communication circait 34 of the
IMB 10 and like circnitry within the external communication device 12, In certain
embodiments, such techniques can be similar to the techniques employed by ALOHA
svstems, as will now be described.

As a background, ALOHA systems generally have a number of broadcasting
stations communicating with a single receiving station, with the broadeasting stations
fransenitting af random futervals, Bithe ALOHA svstem, collisions can occur so that
messages arg lost. However, the selution employed by such systems is to monitor the
retransmission of the information from the receiving station so that sach broadeasting
stalion can be made aware of when the transmission has been lost. Bach brondeasting
station is then programmed fo retransnut the lost information afler a predetermined
generally pseudorandom period of time. The ALOHA systems requires refransmission of
ihe information from the receiving slation to take place substartially immedistely and
requires each broadvasting station to also have a receiving capability.

In light of the ALOHA systems, in certain embodiments, the IMIY 10 would take
the place of the broadeasting stations and the external communication device 12 would
take the place of the receiving station, As such, when collisions oceur, resulling in the loss
of transmitted patient data, the external communication device 12 would monitor the
retransission of the patient data so that the IMD 10 can be made aware (i.e., from the

external monitor 12) when the transtnission has been lost. The infernal communication
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circuit 34 of the IMD 10 is then programmed 1o retransnit the lost information afer a
predetermined generally pseudorandom or random period of time. In accordance with
such implementation, the retransmission of the patient data from the IMD 10 can take
place either substantially immediately or randomly following the initial patient dafa
transgnission being lost.

As mentioned above, the specific modes of the telametry protocol described herein
are developed fo optimize the transler of data babween devices, minimize the risk of
interference, and preserve battery energy. By fitting the mode 1o the corresponding
scenario, performance enbrancements can be realized for the telemetry system which can
be used to reduce system cosls or optimize performance at the expense of additions made
to the IMD either software for the IMD 10 (e.g., implemented in the intermal
comsmunication circuit 34} andfor one or more additional circuits that can implement
aspects of the RF circuitry and profocol in hardware/firmware in the IMD 10.

FIG. 5 shows a block diagram tllusteating the specific modes of the telemetry
protocol detailed above in accordance with cerfain embodiments of the invention. As
shown, circuifry 56 within one or more of the IMD 10 and fhe extemal communication
device 12 {shown in FIG. 1) exists which is configured to implement one or more of the
modes of prolocol for the telemetry communications between the IMD 190 and the external
communication device 12, As deseribed above, the one or modes of protocol are
configured to provide one or more of optimizing transfer of data between the IMD 10 and
the extenal communication device 12, minimizing interference of the data transfer, and
preserving electrical energy sources of the IMD 10 and the external communication device
12,

A first mode of protocol involves a “handshaking™ mode 58 being enabled via
software (preprogrammed in the circuitry 56) and/or one or more additional circuits 60.
The soflware and/or one or more additional circuits 60 are configured to provide a
function 62 of controlting the one or more of the IMID and external communication device
tramsmitter and/or receiver units 49 and 45 respectively (shown in FIG, 3) to transmit
handshaking signals thersbetween, epabling a communication channel to be locked for
futore data transfer botween the IMD 10 and the external conumunication device 12, A
second mode of protocol involves a “low transfer rate” mode 64 being enabled via

software (preprogramimed in the circuitey 583 and/or ong or more additional circuits 66.
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The software and/or one or more additional circuits 66 are configured to provide
one of more of the following: a function 68 of lowering rate of the data transfer between
the IMD 10 and the exlemal communication device 12 which enables improved Signal-fo-
Noise Ratio (SNR}, a function 70 of controlling the IMD transmiitter sandfor receiver unit
49 1o receive feedback from the external communication device 12 during the data transfer
and use such feedback to minimize SNR of the dats transfer, and a fimction 72 of
mintgining one or more portions of the transmiticr and/or receiver unit 49 in an “off”
state during data receipt and/or transfer to conserve the IMD electrical energy source 32
{shown in FIG. 2).

A third mode of protocol involves 8 “data burst” mode 74 being enabled via
software (preprogrammed in the circuitry 56) and/or one or niore additional cireuits 76,
The sofiware and/or one or more additional circuits 76 are configured fo provide one or
more of the following: a function 78 of conserving the IMD electrical energy sowree 32
{shown in FIG. 2) by providing the data transfer betsween the IMD 10 gnd the external
communication device 12 in bursts over lengths of time during which a recorder (8., 8
loop recorder) used in conjunction with the IMED memory unit 28 (shown in FIG. 2
reaches capacily, and a fanction 79 of conserving the IMD electrical energy soures 32 by
providing the date transfer using muliiple carriers, specira, or channels. A fourth mode of
protocol involves a “random access protocol” mode 80 being enabled via software
(preprogramimed in the circuitey 363 and/or one or more additionsd circuits 82. The
softyare and/or oneg or more additional circuits 82 are configured to provide a function 84
of controlling the TMD and external commmicgtion device transmitter and/or receiver
units 49 and 45 respectively (shown in FIG. 3) to facilitate a randomization of the data
transter duty eycle to decrease interference potential for the data fransfer, ILis to be
appreciated that the “data burst” mode 74 can be triggered by a variety of means,
inctuding but not Himited to signaling from the external cormunication device 12 or from
a magnet (not shown} being swiped proximate to the IMD 10 by the patient 14.

Tt should be appreciated that the software and/or one or more additional circuits 60,
66, 76, snd 82 can be combined as a single soltware or a single additional civeuit without
departing from the spirit of the invention. Likewise, it should also be appreciated that the
software and/or one or more additional circuits 60, 66, 76, and &2 can be configured

difierently to provide for different combinations of any of the functions 62, 68, 70, 72, 7 8,
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79, and 84 described above. As such, instead of he modes 58, 64, 74, and 80 identified
above, the different combinations of the fimetions 62, 68, 78, 72. 78, 79, and 84 can be
identified in any way desired. For example, instead of the modes 58, 64, 74, and 80
identified above, the functions 62, 68, 70, 72, 78, 79, and 84 can be grouped and identified
with respect to pne or more of optimizing transfer of data between the IMD 10 and the
external communication device 12, minimizing interference of the data transfer, and
praserving electrical energy sources of the IMD 10 and the external communication device
12,

It will be appreciated the embodiments of the present invention can take many
forms. The true essence and spirit of these embodiments of the invention are defined in
the appended clainms, and it is not intended the embodiment of the invention presented

herein should limit the scope thereof.
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What is claimed is:
1. A system for telemelry communication involving one or mose medical devices
coprising:

a medical device implantable in a patient, the medical device having a unit
including one or more of a transmilter and a receiver, the medical device unit configured
for engbling telametry conunanications involving the medical device;

ong or more elecirieal devices, at least one of the one or more electrical deviges
having 3 unit including one or more of a transmitter and a receiver, each electrical device
unit configured for enabling telemetsy communications belween the at least one electrical
device and the medical device; and

circuitry within one or more of the medival device and the at least one electrical
device, the circuitry configured to implement one or more modes of protocol for telemetty
comumunications between the at least one electrical dovice and the medical device, the one
or more modes of protocol cenfigured to provide one or more modes of optimizing
transter of data between the medical device and the at least one electrical device,
minimizing interference of the data iwansfer, and preserving electrical energy sources of

one of more of the medical device and the at least one electricad device.

2, The sysiem of claim 1, wherein the medical device comprises g cardiac device.

3 The system of claim 1, wherein the one or more electrical devices corprises one or
more of al Ieast one medical instramentation implanied in the patient and of at least one
exiemal communication device.

4, The system of claim 3, wherein the at least one medical instrumentstion comprises
one or more of a drug delivery pump, a stimulator, a physiologic monitor, a recorder, an

implant, and an artificial organ.

S The system of ¢cluim 3, wherein the af least one externsl communicalion device
comprises one or more of 4 portable programimer, an interrogator, a recorder, a monifor,

and a telemetered signals fransceiver.
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6. The system of claim 1, wherein the cirenitry comprises a processing unit.
7. The system of claim 1, wherein the medical device and the at least one electrical

device are configured for telemetry conumunications involving modutation techmiges,

s

wherein the techniques comprise one or more of noise modulation, general spread
spectrm encoding, bi-phase encoding, Frequency Shilt Key (FSK), Time Division

Mut 1'§.pi<3IAcc-ess {TDMA), pre-emophasis/de-emphasis of baseband, vestigial, Code
Division Multiple Access (CDMA), Quadrature Amplitude Modulation (QAM), pi/8,
Quad-QAM, 256-QAM, 16-QAM, delta modulation, Phase Shift Key (PSK), Quadratare
10 Phase Shiff Keving (QPSK), Quadealure Amplitude Shifl Keying (QASK), minimum shilt
keving, Tamed Frequency Modulation (TFM), Orthogonat Frequency Division
Muliiplexing (OFDM), Bluetooth, any 802.11 modulation configuration, Worldwide
Interoperability for Microwave Access (WiMAX), any 802.16 modalation configaration,
802,154, and Zigbee,

& The system of claim 3, wherein the data comprises one or more of stored

physiologic data, real-time generated physiologic data, and non-physiologic data.

9, The system of claim 1, fusther comprising an external processing monitor, wherein
0 the external processing monitor is configured for enabling telemetry communications with

one ot more of the medical device and the at least one electrival device,

10, The system of elaim 1, wherein a first mode of protocol comprises g

“handshaking” mode, wherein the “handshaking™ mode is enabled via one or more of

[
in

software preprogrammed io. the circuitry and one or more additional circuits of the
eireitry, and wherein the one or more software and additional circuits is configured to
control one or more of the wnits of the medical device and the at least one electrical device
to transmit bandshaking signals thersbetween enabling a communication channel to be

locked prior to the data transler.

11, The system of claim 1, wherein a second mods of protocol comprises a “Jow

transfer rale” mode, wherein the “low transfer rate™ mode is enabled via one or more of
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software preprogranumed in the cireultry and one or more additional circuits of the
circnifty, and wherein the one or more software and additional circuits is configured to
provide one or more of the following;

lower rate of the data transfer enabling increased Signal-to-Noise Ratio,

contrpl the medical device unit to receive feedback from the at Jeast one electrical device

T4

during the data transfer and use such feedback for noise modulation of the data transfer,
and

maintain one or more portions of the medical device unit in an “off” state during one of
more of data receipt and transfer to conserve the electrical energy source of the medical

16 device.

12, The system of claim I, wherein a third mode of protocol comprises a “data butst™
mode, wherein the “data burst” mode is enabled via one or more of soltware
preprogrammed in the circuitry and one or more additional eireuits of the circuitry, snd

15 wherein the one or miore software and additional vircuits is configured to provide one or
mors of the following:
transter the data in bursts over lengths of time during which a recorder used in conjunclion
with g memory unit of ihe medical device reaches capacity, and
transfer the data using a modulation technigue in which multiple distinet spectranis are

A nsed for modidated data,
13, The system of claim 12, furlher comprising a loop recorder within the circutiry,

wherein the loop recorder is configared to store the data prior to the data transfer,

[ I
in

14, The system of claim 1, wherein 2 fourlh mode of protocel comprises a “random
access protocol” mode, wherein the “random access protocel” mode is enabled via one or
more of software preprogrammed in the circuitry and one or more additional cirouits of the
circuitry, and wherein the ope or more sofiwase and additional cireuits is configured to
conirol one or more of the unils of the medical device and the at least one electsical device
30 to facilitate a randomization of the data transfer decreasing potential of interforence with

the data transfes,
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13, The system of claim 14, wherein the randomization conprises the process used in
ALOHA networks.

16, Asystem for optimizing telemetry communication involving one or more medical
devices comprising:

a medical device implanted in a patient, the medical device having a wnit including
one or more of 8 transmitler and a receiver, the medical device unit configured for
enabling telemeny communications involving the medical device:

one or maose electrical devices, al least one of the one or more electrical devices
having a unil inclading one or more of g transmitter and 4 receiver, each electrical device
unit configured for enabling telemetry conmnunications between the at least one electrical
device and the medical device; and

circaitry within one or more of the medical device and the at least one slectrical
device, the circuitey configured to provide one or more functions of optimizing transfer of
data between the medical device and the at Jeast one electrical device, minimizing
interferance of the daia transfer, and preserving electrical enargy sotrces of ong or more of

the medical device and the af Jzast one electrical device.

17 Thesystem of claim 16, wherein the cireuitry has one or more of optimizing
software preprogrammed therzin and one or more additional circuits thereof, and wharein
the one or more optimizing soflware and additional eircufts is configured to optimize the
dala transfer by one or move of the following:

conirolling one or more of the units of the medical device and the at legst one electrical
device to transmit handshaking signals therebetween,

Jowering rate of the data transfer enabling increased Signal-to-Noise Ratio,

transferring the data in bursis over lengths of time dusing which a recorder used in
conjunction with a memory unit of the medical device reaches capacity, and

transferring the data using a modulation technique in which multiple distinet specteums are

used for modulated data..

18, The system of claim 16, whersin the circnitry has ona or more interference

minimixing software preprogramimed therein and one or more additional cirouits thereof,
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atd wherein the one or more iuerference minimizing software and additional cireuits is
configured to minimize interference of the dats transfer by one or mote of the followin o
controliing the medical device unit 1o receive feadback from the at least one electrical

device during the data transfer and vse such feedback For noise modulation of the data

La

transfer, and
controlling one or more of the units of the medical device and the at Joast one electrical

davice to facilitate = randonization of the data lransfor.

19, Thesystem of claim 16, wherein the circuitry has one or more snergy conserying
10 software preprogrammed therein and one or roore additional circuits thereof, and wherein

the one or more envrgy conserving software and additional circuits is configared to

conserve the electrical energy source of the medical device by one or more of the

following:

maintuining one or more portions of the medical device unil in an “off” slate during one or
15 more of data receipt and transfer to conserve the electrical energy source of the medical

device, and

providing the date transfer in bursts over lengths of time during which a memory it of

ihe IMD reaches capacity.

20 20 Amethod of optimizing telemetry conwmunication involving one or more medical
devices comprising:
providing a medical device implanted in g patient, the medics] device baving 8
unil including one or more of g transmitter snd 8 receiver, the medical devige unii

configured for enabling {elemetry communications ivolving the medical devics;

=2
th

providing one or more electrical devices, at least one of the one or more lecirical
devices having a unit including one or more of » fransmitter and a receiver, each electrical
device unit contigured for enabling telemetry communications betwaen the at least one
electrical device and the medical device; and

providing circuttry within one or more of the medical device and the at least one
30 clecirical device, the circuttry configured to implement one or more modes of protacol for
telemetty communications between the at least one slectrical device sd the medical

device, the one or modes of protocol configured to provide one or more modes of
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optimizing transfer of data between the medical device and the at least one electrical
device, minimizing interference of the data fransfer, and preserving electrical eneLey

sourees of one o more of the medical device and the at least one eleciricsl device.
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