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COVMMUNICATION SYSTEM FOR MEDICAL DEVICES

FIELD OF THE INVENTION

The present invention generally relates to uplaniable, body-worn, or external
medical devices and, more particudaly, o a system and method for providing improved
communication capability between such medical devices and a remote communication

svstem andior health care provider.

BACKGROUND OF THE INVENTION

Varions types of medical devices have been developed for providing therapy,
diagnostics, and/or patient monitoring, Cestain ones of these devices are configured for
implantation within the patient’s body and ave tepically referrad 1o as implantable medical
devices or IMDs. Qthers may be worn on the pafient’s exterior, Many of these maedical
deviges include various amounts of electronic memory for stoning device operating and
control software, and various types of patient- and device-refated data. In addition, some
of these same medical devices may include signal processing and telemetty circuttry, that
atlows some or all of the data stored in the memory to be transmitted to a remote compuier
ngtwork or ofher commumnication node, The device may also recetve and store dats
transmitied to # remotely from a computer network or other conumunication nods.

The performance of such a medical device and the status of the patient’s health
may be assessed by retreving device-related data and patient-related dala from the
medicat device. In addition, it may be necessary to periodically update fhe software in the
medical device. Data may be retvieved andfor updated software installed by baving the
patient visil a bospiial or clinte, retrieving the stored data andior installing the updated
software by means of a programumer or other device. Depending on the frequency at
which data retrieval or software updates occurs, this procedure can be difficult and
inconvenient for cartain patients, most nolably for those that Hve in remote areas or those
that roay have limited physteal mobility. Thas, various remole sensing and
communication systems and methods have been developed to address these drawbacks,
Nonetheless, the need still exists for an easier, faster, and more cost-effective system for

moniloring and conlrolling the parlformance of some medical devices and for assessing
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patient heatth on a regular andior continuous basis that does not require patient presence at

ahealth care facility. The present invention addresses at least this nesd,

BRIEF SUMMARY QF THE INVENTION

The present invention refates to a system for facilitating communication between a
medical device and a wiraless communications network, which comprises a telemetry
cireuit configrured fo wirelessly communicate with one or more medical devices. A
computer network communication interface is configured o wirelessly cominunicase
directly with the wireless computes network, and 3 peripheral device communication
interface is configured to conunumicate with a wircless peripheral device. A processor is
in operable communication with, and configured to control operations of, the telemetry
circudt, the network communication interface, and the peripheral device communication

inlerface.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hersinafier be described in conjunction with the
following drawing figures, wherein like numerals denote liks clements, and

FIG. 1 is a perspective view of an implantable cardioverter deGbrillator coupled {o
a heart and which is exemplary of one tvpe of implantable medical device that may
incorporate an embodiment of the present inv ention;

FIG. 2 15 a functional block diagranm of an exemplary circuit architecture that may
be inchuded in the medical device of FIG. 1:

FIG. 3 is a funciional block diagram of a convmumication system according to an
embodiment of the present invention;

FIG. 4 is a fonctional block diagram of a commumication interface module that
may form part of the communication system depicted in FIG. 3; and

FIG. 5 depicts a software-implemanted bio-feadback system: for use on g patient

personal compater,

DETAILED DESCRIPTION
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The following detailed deseription is merely axemplary and is not intended fo limit
lhe nvention or the application and uses of the invention, F urthermore, thers is no
intention to be bound by suy theory presentad in the preceding background of the
invention or the following detaiied description of the drawings. Inthis regard, before
proceading with the detailed description, it is 1o be appreciated that the described
embodiment is not limited to use in conjunction with a specific type of medical device.
Thus, although the present embodiment s, for convenience of explanation, depicted and
described as being implemented in an implamable cardioverter-defibriliator {JCD), i will
be appreciated that it can be implemented in various other medical device fvpes,
Referring to FIG. 1, asimplified representation of an ICD 100 and its connection 1o 8
patient heart 150 is depicted. The ICD 106 includes » housing 102 and a plurality of leads,
including a first lead 104, a second lead 106, and a third lead 108, The housing 102 is
preferably formed of a suitable, internal body compatible material that has been approved
for medical use, sach as, for example, fitaniam. The housing 102 is preferably
hermetically sealed, so that it is substantially impervious to body fluids, and is suitably
physiotogically shaped to substantially avoid any sharp edges, so that tissus damage
daring and after implantation can be substantially avoided. The housin & 102 includes a
connector header 112, which includes separate comneetor ports gnd feedibwoughs {neither
are shown), at least one for each lead 104108, The comector ports each electrigally
couple one of the leads 104-108 10 one of the feedihroughs, which in furn electricafly
couples the connector port o the associgted circuitry honsed within the housing 102. A
delailed description of at least a portion of this circuitry is provided further below.
The Iirst, second, and third leads 104-108, egch of which include a plurality of elecivodes,
extend subcataneous]y from the housing 102 and includs 3 plurality of electrodes that can
be used for pacing. sensing, and/or cardioversion/defibsiliation. When umplanted in a
patiant, the first lead 104 extends into the right atrial chamber of the hoart 150, where it is
coupled to the right awrial wall. In the depicted embodiment, the first lead 104 is
implemented as a bipolar endocardial lead and includes an atrial i o (ATIP) pacefsense
electrode 114 and av atrial ring (ARING) pace/sense electrode 116. During cardiac pacing
opergtions, cardiac pacing pulses are delivered, and atrial depolarization events are sensed,
between the atrial ip and atrial ring pacessense electrodes 1314 and 116, K will be

appreciated that in an alternative embodiment, the first lead 104 could be implemented as
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a unipolar endocardial lead. In such an allernative embodinent, the housing 102 would
fanction as one of the atrial pace/sense elecirodes.

The second lead 106 extends through the right afrigl chamber of the heart 150 and indo the
right veniricle, whese it 18 coupled to the right ventricle wall, I the depicted enmbodinent,
the second tead 100 is implemented as a bipolar endocardial lead and includes a nght
venlricle tip (RVTIP) pacessense electrode 118 and a right veatricle ring (RVRING)
pacefsense electrode 120, During cardine pacing operalions, cardine pacing pulses are
deliverad, and right ventricular depolarization events are sensed, between the right
ventricular fip and right ventricular ring pacefsense eleclrodes 118 and 120, As with the
first lead 104, it will be appreciated thal the second lead 106 could aliematively be
implemented as a unipolar endocardial lead. rather than as a bipolar lead.

The third lead 108, similar 1o the secongd lead 106, passes through the right sivial chamber
of the heart 150, However, rather than extending info the right ventricle, the third lead 108
exiends through the coronary sinus, and into the greal vein 128 prosimaste the lefi
ventricle of the heart 150, In the depicted embodiment, the third lead 108 is also
tmplemented ag a bipolar endocardial lead, and thus includes a left ventricle tip (LYTIP)
pacedsense eleclrode 122, a lefy ventricle ring (L VRING) pacedsense electrode 124, and a
right veninicle cotl {LVCOIL) electrode 126, Dhwing cardige pacing operafions, cardise
pacing pulses are delivered, and lel} ventricular depolarization events are sensed, between
the left ventricular ip and lefd ventricular ring pace/sense electrodes 122 and 124, Inthe
depicted embodiment, left veniricular pace pulses and/or ventricalar depolasization evends
may also be delivered andfor sensed between the lefl ventrcudar ring pacefsense electrode
124 and the right ventricwlar coil electrode 126, As with the {irst snd second leads 104
and 106G, it will be appreciated that the third lead 108 could altermnativaly be implemerded
s a unipolar endocardial lead, rather than gs a bipolar lead.

in describing the depivted ICD 100 above, each of the “pacefsense™ electrodes were
described as preferably implementing both pacing and sensing finctions. ¥ will
nonetheless be appreciated that the pace/sense electrodes may be implemented exclusively
as pace or sense electrodes, or may be implementad in prograsmmed combinations for
sensing cardine signals and delivering cardiac pacing pulses along programmed pacing and
sensing vectors, {t wifl addiionally be appreciated that the HCD 100 may be used 1o

deliver cardioversion-defibrillation shocks may be applied, when needed, between
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setected pairs of the slectrodes 114-126, according to any one of numerous defibsiliation
regimens.

As was noted above, {he ICD 100 includes ciscutlry within the housing 102 that is usad to
control the overall operation of the ICD 100. At least a portion of this circuitry is depicted
i FIG. 2, and will now be described in more detail. The cironitry 200 depicted in FIG. 2
inchudes a controfler circuit 202 and vaxions viher functionad circuit blocks 204218 that
are in operable communication with, and which may be operated wnder control of, the
controlier circyit 202 via, for example, 3 common commuynications data bus 201, ¥t will
be appreciated that the circuitry depicted in FIG. 2 is merely exemplary of a particular
architecture, and that namerous other circuit architectures may be used {0 implement the
operation of the ICD 100, The controller circwit 202 ncludes, among other things, a CPU
{central processing wnit) 224, which may include on-board RAM {random access memory)
226, and on-board ROM (read only memory) 228 The CPU 224 may be any one of
aumerous known general purpose processors or an application specific processor that
operates in response 1o program instructions. Such program mstructions may be stored in
either or beth the RAM 226 and the ROM 228, For example, the operating system
software may be stored in the ROM 228, whereas various operating mode software
routines and various operational parameters may be store in the RAM 226. 1t will be
appreciated that this is merely exemplare of one scheme for storing operating software and
software routings, and that various other storage schemes myav be implemented, B will
also be appreciated that the controller circuit 202 may be implemented using various other
circuits, not just a programmabla processor. For example, digilal Togic cireuils and anglog
signal processing circuits eould also be used.

A clockAimer circuit 204 provides one or more clock and timing signals to the controlier
cireit 202 and, i needed, to varions ones of the other functional bi ocks 206-218. The
clock and timing signals provide For the proper synchronous operation of the various
functional circuits that make up the circuinty 200, The clock/fimer clrouit 204 may be any
one of numerous known cireuits for providing clock andior tini ng signals. Non-limiling
examples include vartous types of crvstal oscillators, such as a temperature compensated
crystal oscillator (TXCO), s micro-computer compensated crystal oscillator (MCXQ), and
an oven controlled crystal eseilfator (GCXO).
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A memoty clrewit 206 is in operable comnumication with the confroller circuit 202 via the
communications data bus 201. The memory circuit 206 includes a pharalily of memory
registers 205~1, 205-2, 205-2, , , . 205N, in which various fypes of data are stored. The
data that the memory circnit 206 stores in Hs memory registers 205 may include both
device-relatad dats and physiological-related data. It will be appreciated that orre or more
remory circufts 206 may be in operable communication with the controller circuit 202 to
store such data. It will also be appreciated that the memory etrewit 206 could be integrally
formed as part of the controfler cirenil 202 andior CPU 224, RAM 226, andfor ROM 228,
or could be part of o device or system that is physically separate [rom the D 100, The
data that may be stored in memory circgit 206 include, but are not Himéled to, vavious lypes
of patient-related data, and various types of device-related data.

Somae or al} of the data stored in the memory ciromit 206 may be read and transmitted to an
external communication device (not shown in FIG. 2). Moreover, data may be received
from an exiernal communication device and writlen into the memory cirepit 206, To
implement this fanctionality, the ICD cireuitry 200 includes # telemetry inputioutput (1/0)
cirouit 208 and an antenna 218, The telemetyy YO circuit 208 is couplad 1o the antenna
216 and, as Its name connotes, functions 8s an input device, or receiver, when the antenna
230 s recetving data transmitted to the 1CD 100, and functions as an output device, or
transmitter, when data ave being transmitted from the ICD 100, The data fransmstied to
and from the JCD 100 is dowe so using radio frequency (RF) waves. Thus, the telametry
VO cirenit 208 includes one or more RF i gnal sources that may be used to demodulate the
dala received by the ICD 100, and to modulate the data being transmitted by the ICD 100.
The telemetry 1O circuit 208 mav also funciion fo decode interrogation signals it receives
from an external commanication device and transfer these decoded <i gnals to the
controller circuit 202, The controller circuit 202 may then appropriately command the
telemnetry 1O circuit 208 to be configured to transniit o receive data,

In the depicted embodiment, a DMA (direct memory access) controlier 212 is in operable
communication with the controlier circuit 202, The DMA controller 212, as is geperally
known, provides direct memory access to mermory cireult memory registers 205, or o the
RAM 226 or ROM 228, withont involving the UPU 224, This can conserve battery power
and sunplity data read and write operations. 1 will be appreciated that the DMA

controller 212 could be omitted or could form an integral part of the controlier circuil 220,
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A cardioversion/defibriliation timing and control circuit 214 and a pacefsense fiming and
control circait 216 are each coupled to the conlroller circuit 202 via the commutications
data bus 201. The cardioversion‘defibrillation timing and control circuit 21 4, in response
te insiructions from the controlier circuit 202, controls the operations of a ki gh voliage
(HV} circuit 218 and a cardioversion/defibriflation output circuit 320 to deliver
cardioversion/defibriltation shock therapy pulses when needed such as, for exanple, in the
event an atrial or veniricular fbritlation or flulter, or & matignant high rate tachycardig, is
detecied. The high vollage circuit 218 stores and supplies refati vely high voltage energy
using, for example, a non-iliustrated charging circuit to charge one or more non-iiesirated
high voltage capacitors {o a relatively high voltage. The cardioversion/defibrillation
output eireuit 220 includes a ploratity of high voltage switches {not shown) that deliver the
shock therapy pulses © selected ones of the depicted electrodes 1314-126 andfor other nog-
iflustrated electrodes. The cardioversion/defibsiliation outp cirouif 220, in response to
the cardioversion/defibrilation fiming and control cirouit 214, determines whelher a
wmonophasic or biphasic therapy pulses are delivered.

The pace/sense timing and control circuit 216 is programmable and, in FOSpONSs 1o
instructions from the controtler cireuit 202, controls a pacing owiput circait 222 1o deliver
cardtac pacing pulses to the heart 150 in accordance with any one of numerons atrial snd
ventroular pacing operational modes, The pace/sense Himing and contred circuit 21 8,
together with the pacing output circuit 222, may also implement various tachyarthy thinia
detection and classification operations. The pacing output cireunit 222, like the
cardioversion/defibrillation output circuit 220, includes a pluratity of swilches, which are
not shown in FIG. 2, that deliver the shock therapy pulses to selected ones of the depicted
electrodes 114-126. The pacing owtput cireuit 222 additionall v includes a pacing energy
supply civcust, which is also not shown in FIG. 2. The pacing energy supply circait stores
and supplies the efectrical energy that is delivered 1o the selected electrodes 114-126 as
cardiac pacing pulses.

As was noted above, the ICD circnitry 200, and more specifically, the tef emetry 10 circait
208, transmits data and informmlion to. and receives data and information from, an

external communication device, The externgl communication device allovs data and

information transmission batween the ICD 100 and an esternal communication svstem. A
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functional schiematic diagram Hlusteating this muercompunication functionality i depicted
in FIG. 3, and with reference thereto will now be deseribed in more detail.
The interconumunication functionslity is implementad via the external communication
device 302, which s referred to herein as the commuuication ierface module (CIM) 302,
As FIG. 3 depicts, the CIM 302 provides wireless intercommunsication betwesn the ICD
100 and a commuunication system 304, sither directly or indirectly via another wireless
peripheral device 306. The communication svsiem 304 may be implemented in any one of
aumerous configurations and may include, for example, one or ore of the existing
worldwide telephone system (both wited and wireless), the World Wide Web, the Internet,
or any one of mumerous local area networks (LANSs) or wide area networks (WANs}). No
matier its specific physival implementation, the communication system 304 is configured
to wiralessly comumupicate with the CIM 302, either directly or via the peripheral device
306.
The peripheral device 306 may be any one of numerous wireless communicalion devices
that are conligured {or are configurable) to wirelessly communicate with the
conumnnication system 304, Some exemplary embodiments include, but are not Hmited
lo, a wircless telephone, a ceflular telephons, a personat digital assistant (PDA), a personal
computer (PC), or a combination thereof, just to name a few. Il will addifionally be
appreciated that the peripheral device 306, no muiter His specific phyvsical implementation,
is configured {or is configurable) to wirelessiv conuvnwmicate with either, or both, the
conunupication system 304 and the CIM 302 via any one of numerons wireless
commmunication protocols now known or develop in the future. Some nor-timiting
examples of presently known communication protocols include the various IEEE 802.11
protocols, the BLUETOOTH standard protocol, and the ZigBee Specification protocol,
Jjust o name a few.
As FIG. 3 additionally depicts, the conumunication system 304 facilitates communication
with one or more remote systems 308, These remote systems 308 may vaty and nway
include, for example, one or more of a remote computer system 312, one or mose rerole
PCs 314, one or more remote operators 316, gnd one or more remote bealth care providers
318. Twill be appreciated that the communication system 304 and the remote sysiems
308 mav be configured 1o atlow the remots computer systam 312 1o communicate directly

with the remote operator 316 or remote health care provider 318, or to communicate with
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the remota operator 316 oy remcte health care provider 318 via the remote PCs 314 In
other embodiments, the comnnmication systerm can commenicate disectly with the remote
operalor 316 or remote health care provider 318, or directly with the rerole PCs 314,
Moreover, the ramote svstems 308 may be conligured to allow the remote operator 316 1o
commuicate directly with the remote health care provider 318.

The CIM 302, as was noted above, is configured o wirelessly communicate with the ICD
166, and to commanicate with the communication system 304, sither direclly or via the
peripheral device 306, As FIG. 3 depicty and as will be described further below, direct
communication between the CIM 302 and the conmmanication svstem 304 ocours
wirefessly, Moreover, a3 will also be deseribed forller below, communication betwaen
the CIM 302 and the peripheral device 306, when used, may occur either wirelessly or via
a wired connection, and may coowr using any one of namerons communication protocols
now known or developed in the futore. It will be appreciated that the CIM 302 nwy be
implemented in any one of namercus configurations in order o carry out Hs funclionalify.
A Tunctional block diagram of one particular physical implementation is depicted i FIG.
4. and with reference thereto wili now be described in more detail.

In the depicted embodiment, the CIM 302 includes one or more processors 402 {ondy one
depicted for clgrity), memory 404, a telemetry circait 406, a wireless compuster network
interface 408, an alarm driver 410, g peripheral device commuuoation inerface 412, a
power management module 414, and & user intarface 416, all in oparable communication
via & communication bus 422, The processor 402 may include one or more
wmicroprocessors, each of which may be snyv one of numerous known general-purpose
microprocessors or application specific processors that operale in response to program
instructions. It will be appreciated that this is merely exemplary of one scheme for storing
operaling svstem software snd software routines, and that various other storage schemes
may be implemented. 1t will also be appreciated that the processor 402 may be
implamanted using vartous other circuits, not just one or more progranmumable procassors,

For example, digital fogic clrcutts and analog signal processing clrcuils could also be used.

i
The memory 404, stmilar to memwory cireuit 206 in the ICD cirautry 200, mclades s
plurslity of mernory registers 405-1, 4058-2, 405-3, . ., 405N, in which various types of
data are stored. The data that may be stored in memory 404 include, but are not fimited o,

vartous fvpes of patient-related data and various types of device-related data that are
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transmitted to the FOM 302 from sither, or both, the ICD 100 and the communication
svstern 304, Although depicted as a sepasaie functional block, it will be appreciated that
the memory 404 coutd be integrally formed as purt of the processor 402, Moreover, the
memory 404 coald he physically implemented as any one of numerous Wypes of data
storage devices including, for example, a hard disk, or other computer readable madinm
such as flash memory, ROM, RAM, or EEPROM.

The telemetey cirouit 406 is configored {o wirelessly communicate with the 1ICD 160 via
RF waves, to thereby transmit data and information 1o, and 1o receive data and information
from, the ICD 100, As such, the telemetry circuit 406, similar to the telemetry circait 208
in the FOD cireuitry 200, is coupled 1o au RF antenog 407, and fanctions ag a reveiver o
receive data or information from the 1CD 100, and as a transmitler {0 transmt data oy
information fo the 1D 100. R will be appraciated that the configuration of the telemetty
circut 406, as either a receiver or a fransmitier. is controfled by the processor 402

The wireless computer nebwork interface 408 1s configured to wirelessly communicate
directly with the communication system 304, Similar to the peripheral device 306, the
wireless compuder network interface 408 is configured to wirelessly communicate with the
commutication systesn 304 via any one of numerous wircless communication protocols
now known or develop in the fulure. Thus, wireless compuler network nterface 408 may
irnplement any one or motre of the proviously~mentioned exemplary comnupication
protocots, such as the varions 1EEE $02.11 protocols, the BLUETQOTH standard
protocol, and the ZigBee Specification protocol, just to name afew. It will additionatly be
appreciated that the wireless commumication between the communication system 304 and
the wireless computer network interface 408 may oceur via RF, optical, or infrared
commumcation.

The wireless computer network interface 408 is fisrther configured to determine
communication strength and quality with the communication systern 304 and supply data
representative of the determined conmmunication strength and quality to the processor 402.
The processor 402, in response to these data, detenmines whether the communication
strength sudfor quality sre too low and, if'so, issnes & suitable alarm signal to the alam
driver 410, In one embodiment, the processor 402, upon determining that the
communication strength and/opr quality are too low, additionatly places the CIM 302 mnto &

standby mode andfor configures the CIM 302 to limit communications via one of mare of
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ihe telemetry circuit 4086, the wireless computer network interface 408, and the peripheral
device comsmumication interface 412,

The davm driver 410 is configured to receive alasm signals from the processor 402 and, in
response to the alarm signals, supplies one or reore sultable slarm driver signals to one or
more atarm indicators (not shown).  The alamm indicators may be implemented asing any
ong, o combination, of numeroas fvpes or alarm devices now known or developed in the
future incloding. Some non-limiting examples of alarm devices include one or more
visual alarm devices, such as lights, one or more physical glarm devices, such as vibration
devices, ong or more sudible devices, or various combinations of these devices.

The periphersl device communication interface 412 is confligured to conununicate with the
peripheral device 306, when direct intercommunication befween the ICM 302 and the
compmscation system 304 is either not possible or not desired, The peripheral device
communication interface 412 may be implemented as any one of numerous types of
suitable commuanications inlerfaces including, for example, sy one of humerous bypes of
serial interfaces or paraliel interfaces. Moreover, the peripheral communication interface
412 is configived to communicate with the paripheral device either wirelessly or viaa
wired connection 424 (depicled in phantorn in FIG. 4). If the wired connection 424 i
ased, it will be appreciated that the CIM 302 is configured to mate with the peripheral
device 306 via either a standard connector or g manulheturer-specific connecior 426 in the
peripheral device 306.

The peripheral device communication interface 412, similar to the wireless computer
nalwork interface 408, is configured to determine communication strength and guality
with the peripheral device 306 and supply data representative of the determined
cormmuscation strength and qualily to the processor 402, The processor 402, in response
{0 {hese data, determines whether the commumicalion strength sndfor quality are oo low
and, i 50, issues a suitable alarm signal to the alarm driver 410, The processor 402, in
rasponse 1o these data, determines whether the connection strength and/or quality are foo
low and, i so, issues a suttable signad to the alarma driver 418 1t will be appreciated that
the connection strength and/or qualily may, of coarse, be too fow if the peripheral device
306 is turned off. Thus, the peripherd device conununication interface 412 is configured

to determine when the peripheral device 306 is fusned off, and provides data represeniative
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of this state to the processor 402, The processor 402, int response, issues a suitable signal
to the alarm driver 410,

The periphersl device interface 412 is further configured, based on data received from the
peripheral device 306, to determine communication strength and quality between the
peripheral device 306 and the communication system 304, The peripheral device intetface
412 additionally supplies data representative of the commumication strength and quality to
the processor 402, which determines whether the commumication strength andfor gualily is
o0 low and, if 30, issues g suitable alarm signal 1o the alarm driver 410, The pesipheral
device comammication inferface 412, together with the CIM telemelry circuit 406 and
processor 402, may additionally be configured fo automatically tarn the peripheral device
306 on if, Tor exammple, the CIM 302 receives specified patient- or healthrelated data frony
the KD 100 that needs 1o be communicated via the peripheral device 306.

The CIM 302 iy preferably powered from one or more rechargeable batleries, which may
ba balieries 428 housed within the €IM 302 iself, batieries 432 that gre used to power the
peripheral device 300, or both, Although the configuration may vary, the CIM 302 is
preferably configured to draw power from the periphsral device batteries 432 when the
CIM 302 is conpled to the peripheral device via the wired connection 424, and from the
CIM baiteries 428 when il is not coupled thereto via the wired connection 424, No matter
which seb of batteries 428, 432 the CIM 302 is being powered from, it is preferable that the
current baing drawn therefrom is minimized, and that the patient is inade awane if the state
of charge of sither or both sets of batteries 428, 432 is reduced io a low level state. The
power management module 414, which will now be described, facilitates this
functionatity.

The power management modole 414 is configured 1o mintmize current drain from the
batteries 428, 432 that are powering the CIM 302, and o preserve a minimem amouwnt of
battery chasge, To do so, the power management module 414, together with the processor
402, implements wake-np mode and standby mode schames well kaown in the implastable
medical device and mobile lelephone arts. In particular, the power management modale
414 is configured to place the CIM 302 in the standby mode, whether if is being power
from the CIM batieries 428 or the peripheral device batteries 432, when the CIM 302 has
ot bean communsicating with the ICD 100, the communication network 304, andfor the

perigheral device 306 for a predeterminad time period, In addition, if the CIM 302 is
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being powerad from the peripheral device batteries 432, the power management module
414 is configured to place the peripberal device 306 in the standby mode when the
peripheral device 306 has not been used to communicase for a predetermined time period.
I addition to the above, the power management module 414 is further copfigured o
monitor the charge state of either, or both, the CIM hatteries 428 and the peripheral device
batteries 432 and supply charge-state data representative thereot {o the processor K12, Ina
preferred embodiment, the power management modude 414 monstors the state of charge of
both batteries 428, 432, no matter which battenes are powering the CEM 302, In response
1o the charge-state data, the progessor 402 determines whether one or bolh batteries 428,
432 are below a predetermived charge state and, if g0, iscues a suitable signal to the alarm
driver 410, Tt will be appreciated that the power managemeant module 414, together with
the procgssor 407, may be configired 1o parindically “wake-up” the CIM 302 andior
peripheral device 306 from (he standby mode, when in this mede, to check the state of
charge of ihe batteries 328, 432, The CIM 302 may additionally be configured, during
these periodic “wake-ups,” to verfy communication strength and quality via the wireless
communication intarface 408 and the peripheral device conununication interface 414, as
previously deseribed.

In addition {o issuing a suitable signal to the alarm driver 418, the processor 402, in one
embodiment, will reconfigure the CIM 302 and/or the peri pheral device 306 for limited
nsage. More specifically, if the CIM 302 is being powered from sither battery 428, 432
and the processor 402 detenmines that the battery 428, 432 charge stale s below the
predetermined charge state, the processor 402 places the CIM 302 into mode in which
only Hmited communications are allowed to oceur via the telemetry circuit 406, the
wiseless computer network intesface 408, or the pen pheral device communication
interface 412, Moreover, if the processor 402 determines that the peripheral device battery
432 charge state 18 too low, the processor supplies a reconfiguration signal (o the
peripheral device 306, viathe peripheral device conununication interface 412, that places
the peripheral device 306 in the standby mode and sdditionally reconfigures it for limited
usage. In particular, the peripheral device 306, in response 1o the reconfigoration signat,
reconfigres itsell such that it is only sble to regeive or tnitiate cortain types of
communications. For example, if the peripheral devics 36 isa ceflular phone, it would

be reconfigured such that it could only receive calls from, and to initiate calls to, specified
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tglephone nuinbers. The specified telephone numbers are preferably stored in mentory
404 and may be user modifiable. Some examples of the specified telephone numbers
inctude the standard emergency number (a.g., 811}, a doctor’s telephone number, and a
relative’s telephone mumber, just o name a fow,

nstead of or in addition to the above, the peripheral device 306 could be reconfigored in
response to the reconfigoration signal such that it could only initiate communication with
the communtcation system 304 i the CIM 302 transmnits an override signal, or other
specified data, 10 the peripheral device 306. For example, if the CIM 302 receives
specified health-related data from the ICD 100, the CTM 302 could supply an overxide
signal, via the peripherat device communication inlerface 412, to the peripheral deviee
306. Alternatively, the peripheral device 306 could be configured to autonutically aliow
cornmunication batwesn itself and the communication system 304 upon receiving
specified health-related data teansmitted from the CIM 302, 1t will be apprecialed that the
functionality described in {his peragraph may be implemented whether the peripheral
device 306 is a cellular phong, PDA, or other communication device,

In vet another aliernative embodiment, the CIM 302 cowld be inmplemented with more than
one set of batteries. For example, and 23 depicted in phantornin FIG. 4, the CIM 302
could be implemenied with a primary batiery 428 and a secondary battery 434, The
secondary battery 434 would preferably be used only if the primary battery 428 or the
peripheral device battery 432 were tnable to power the CIM 302, 1n addition, the
secondary battery 434 preferably would be switched into use, to power either or both the
CEM 302 and peripheral device 306, only when either or both devices 3032, 306 are needed
to conmunicate with the communication sysiem 304, The power management module
414 andfor the processor 402 would further control the CIM 302 such that charging of the
secondary battery 434 takes precedent over charging of the primary battery 428 and/or the
peripheral device battery 432, H will be appreciated the CIM 302 may be configured such
that battery charging, be it the primary battery 428, the secondary batterv 432, or both,
could be conducted via a conventional power interface, vis & wived conmmunication
inlerface, such s a USB port, or vig 8 wireless communication link.

‘The user interface 416, which may be implemiented as a push-button or toggle-type switch
436 and an appropriate interface circuit 438, is configured to receive user lnput stimulus,

via the switch 436, and supply a signal, via the interface circuit 438, representative thereof
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1o 1he processor 402. In response, the processor 402 will configure the telemetry cirouit
406 to establish communication with, and retrieve data from, the 10D 100 or other
implantable medical device wilhin the patient. The processor 402 will additonally
configure the wireless comyputer network interface 408 to transmit the retrieved data fo one
pr more of the remote svstems 308 and one or mora of the remote operators 316 via the
comununication system 304, The processor 402 may additionally, or instead, conligure
the peripheral device communication inferface 412 to communteale with the periphersl
device 306 and transmit the retrieved data 1o one or more of the remole sysiems 308 and
one or more of the remote operators 316 via the paripheral device 306

The user interface 416 allows a patient, or another person, lo inttiate comnmunication
betrween the CIM 302 and the ICD 100 (or other medical device), and between the CIM
307 and the comnmmuiication system 304, Thus, If the patient is expeniencing cerfain
symptoms that canses the patient to believe he or she is experiencing a condition that
should be medically disgnosed, the patien] can press or toggle the user interface swilch
436 10 initinte the above-described intercompunication. 1 will be appraciated that another
person could also prass or togglte the user interface switch 436 for the patient if, Tor
example, the patient were nnable 1o do so themselves. The remote operator {or operators)
316 may then anslyze the data retrisved from the ICD 100 to determing whether the
patient 302 needs further gttention. I the determingtion is that the patient does not need
immediate attention, the remote operator 316 can notify the patierst, via the
comumication svsiem 304 and the CIM 302 or peripheral device 306, or both, of this
delermination. This notification may be made be implemented in. any one of oumerous
forms including, for example, g visual displgy, an andio signal, or both, that is emifted by
e CIM 302, the paripheral device 306, or both. Alternatively, the remote operalor 316
could simply place a telophone call to the patisnt.

If, after analyzing the data, the remote operator 316 determines that the patient may need
further attention, the remote operator 316 will determine an appropriate remedial response,
and transmil the remedial response 1o the CIM 302, the peripheral device 306, or both, via
the communicstion system 304, The remedial response may then be transmitted, if
appropriate, to the 1D 100, Alter the remedial response has boen: delivered, the CIM 302,
the peripheral device 306, or both, preferably send a confirmatory message {o the remote

operator 316 confirming that the remedial response was delivered. 1t will be appreciated
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that the remedial response may by any ong of numerous fypes of suitable 1ESPONSes
depending, for example, on the data analysis. Some examples of suitable remedial
responses include changing one or more operaling parameters of 0D 100, commanding
the TCD 100 to deliver one or more therapy pulses to the patient (e g, pace therapy,
cardioverter therapy, or defibrillator therapy, or instructing the patient by audio, visual o
other means 1o take action sach as, for example, lie down, go to the hospilal, cali an
ambulance, or tske a medication.

Ins addution to the above, the CIM 302 or the peripheral device 306 may be configured to
store data conceming patienl-initisted avents. This allows the stored data to be retrieved
and analyzed at a later date so that fulure remedial responses may be determined, at least
patially, on the basis of the data. 1 will be appreciated that the dats may also be stored at
the remote data system 130 for later retrieval, analysis andf"m future therapy
determination.

With reference now to FIG. 3, in another exemplary embodiment, the patient is
additionally be provided with software 302 that is loadable onto a personal computer (PCY
304, The software 502, once loaded on the PC 304, allows the patient 1o altain carlain
reat-time bio-feedbeck. In a particular embodiment, if the patient were expen encing
specific physical symptoms, such as dizziness, Hght-headedness, or both, the patient could
envter the symptoms into the PC 504, The softsare 502 may, depending on the S¥mptomns
enterad by the patient, may request additional patient-related data from the patiant.
Thereafter, and i response 10 an additional user input, the software 502 will then
command the PC 504 1o intliate communicalion with the ICD 100 via, for exaruple, the
CIM 302, 1o retrieve data from the ICD 100, The conumunication between the PC 504 and
the CIM 302 could occur via either a wireless convection or 8 wired connection.

No matter the specific manner in which the communication takes place, upon retrieval of
the data from the ICD 100, the software 502 will process the retrieved daty, the svmptom
data, and the additional patient-related data to provide the patiant with real-time bio-
feedback. The feedback may simply be o change certain portions of the patient’s diet or
medication, or it may request that the patient contact s health professional.

The CIM 302 may be physically implerented according to any one of numerous
configurations. For example, the CIM 302 mav be implemented as 3 moduls that may be

worn by the patient andfor be coupled to the periphesal device 306, Aliernatively, the
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CIM 302 may be implemented 30 & memory module format, which would allow the CIM
302 to readdy interface with 8 memory VO device of, for example, a personal computer or
{he peripheral device 306. The memory module format could be in accordance with any
ong of numerous Tormats now known, or developed in the future, including, for example,
compact Hash (CF) memory, Secure digital (51 mamory, o a memory stick. Invet
another exemplary embodiment, the CIM 302 may be implemented as part of the
paripheral device 306 stself

While an exemplary embodiment(s} has been presented in the foregoing detaited
description of the invention, it should be appreciated that & vast number of varistions exist.
1§ should also be spprecialed that these exerplary embodiments are only examples, and
are ot intended to Hmit the scope, applcability. or configuration of the invention in anv
way. Rather, the foregoing detailed description will provide those skilled in the art with a
convenient road map for implementing a preforred embodiment of the invention. K being
understood that vasious changes mav be made in the function and arrangement of elements
deseribed in an exemplary preferred embodiment withowt departing from the spirit and

scope of the invention as set forth in the appended clains.
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CLAIMS
What is claimed is:
i A communications device for facilitating communication between a

medical device sud a wirsless communtcations network, coamprising:

a telemetry cironit configured to wirelgssly communicats with one or more medical
devices;

& computer network communicalion interface configured to wirelessly
conununicate directly with g wireless computer network:

a petipheral device conununication interface configured fo communioate veith a
wireless peripheral device; and

a processor in operable communication with, and configered o control operations
of, the telemetry circuit, the network communication inierface, and the peripheral device

commuication inderface,

2. The device of Claim 1. wherein:

the computer network commumication interface inciudes a configuration to
determine communication quality with the wireless computer network and supply data
reprasentative thereol to the processor; and

the processor inchudes a configuration, in response to the dats represemative of
communication quality, to determine if the comnunication quality is below a

predetermined threshold and, i so, supply an alamm signa,

3, The device of Claim 1, wherein:

the peripheral device communication interface includes a configuration fo
determine communication quality with the wiseless peripheral device and supply data
representative thereol to the processor; and

the processor is further configured, in response to the data representative of
communication quality, to determine if the communication guality is below g

predetermined threshold and, i so, supply an alamm signal,
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4. The device of Claim 3, wherein:

the peripheral device communication interface includes s configuration fo
determine commumication gualily between the wireless peripberal device and an externsl
commutcation systent and stpply data representative thereof], and

the processor s further configored, in response to the dala representative of signal
quality, to determine it the communication quality is below a predetermined threshold and,
il so, supply so alarm sigasl.

S. The device of Claim 1, further comprising!

a primary batiery operable to supply elecirical power to at least the provessor, the
telemetry circuit, the network communication interface, and the peripheral device
compuusication interfacs; and

& power management module coupled 1o recaive electrical power from the primary
baltery and configured to determine g state of charge of the primary battery and supply

primary battery charge-state data representative thergof.

6. The device of Claim 3, wherein the processor receives the primary battery
charge-state data and is further configared, upon receipt thereof, to determine if the
primary batiery charge state is below a predetermingd threshold charpe state and, if so,

supply an alarm sigosl.

7. The device of Claim S, wherein the processor receives the primary batlery
charge-state data and ig farther configured, upon receipt thereof, to imit communication to
or from one or more of the telemetry circail, the network commuonication interface, and the
peripheral device communicgtion imerface if the primary batlery charge slate is below a

predetermined threshold charge state.

8 The device of Claim 5, wherein the power management module inclndes a
configuralion 1o determine a slate of charge of a peripheral device battery installed in the
wireless peripherat device and supply peripheral device batiery charge-state data

reprasentative thersof
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9, The device of Claim 8, wherein the processor recelves the peripheral device
battery chasge-state data and is further configured, spon receipt thereof, 1o determine if the
peripheral device battery charge state is below a predetermined threshold charge stale and,

if so, supply an alarm signal.

10, The device of Claim 8, wheren:

the processor is coupled to receive the peripheral device battery charge-slate data
and is further configured, upon receipt thereof, to supply a peripheral device
reconfiguration signat to the wireless peripheral device, viathe peripheral device
coramunication irderface, if the peripheral device baitery charge state is below &
predetermined threshold charge state; and

the wireless paripheral device, upon receipt of the reconfiguration signal, includes

a reconfiguration to limit communication 1o of from iselfl

11, The device of Claim 5, further comprismg:
a secondary battery operable to selectively supply electrical power to at lzast the
processor, the (efemetry circut, the network commumication interface, the peripheral

device communication interface, and the power managesent module.

12, The device of Claims 1, fusther comprising:

a posver inanagement module configured 1o selectively switch af least the processor
belween 4 communication mode and a standby mode,

wherein the processar, in the standby mode, draws less slectrical power than in the

cormmutication mode.

13, The device of Claim 12, wherein the power management module, when the
processor is in the standby mode, inctudes a configuration periodicaly switch the
processor from the standby mode to the communication mode and then back to the

standby mode.
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4. The device of Claim 13, wherein:

the processor, when periodically switched into the communication mode from the
standby mode, ocludes a configuration fo supply & commuanication verification signal to
{he computer petwork communsication interface and the peripheral device comnwmnication
insterface;

the computer network commanication interface further configured, in response to
the communication verificalion signal, to determine communicalion quatity with the
wireless computer network: and

the peripheral device communication inlerfacs further configared, in response to
the communicalion verification signal, fo defermine communication quality with the
wireless peripheral device,
15, The device of Claim 1. finther comprising:

an flarm driver coupled to recetve an alarm signal and operable, in response
thereto, 1o supply an alarm driver signal; and

an alarm indicator coupled © receive the alarm driver signal and operable, in

response theveto, to generate an alarm,

16, The device of Claim 1, further comprising:
a user interface configured to recsive nput stivnlus from a user and operable,

upon receipl of the stinulos, to supply 8 user interfacs signal to the processor.

17, The device of Claim 16, wherein the processor is further operable, in
response 1o the user interface signal, to configure the telemetsy circult 1o wirelessly

communicate will, and relrieve data from, the medical device.

18, Acomnmmications device for faciliating communication betwaen medical
device and a wireless communications network, comprising:

& primary baftery operable to supply electrical power;

afelemetry cirouit coupled fo receive electrical power from the primary battery and

configured to wirefessly communicate with one or more medical devices;
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a computer network conununication interface coupled to receive electyical power
from the primay battery and configured to wirelessly communicate divectly with a
wirgless computer network;

a peripheral device communication interface coupled to receive eleciyival power
from the primary battery and configured fo conununioate with a wireless pexipheral
device;

& power management module coupled {o receive elecirical power from the primary
battery and configured o determine a state of charge of the primary battesy and supply
primary battery charge-state data reprasentative thereof; and

a processor coupled fo receive electrical power from the primary battery and in
operable commumnication with the telemetry circuit, the network communication interface,
the peripheral device conmunication interface, and the power management module, the
processor further coupled 1o recetve the prinasy battery charge-state data and configured,
upon receipl thereof, to limit convnunication to ot from one or move of the telemetry
cireuit, the network comnuumication interface, and the pexipheral devies communication
interface if the primary battery charge state is below a predetermined threshold charge

state.,

19, The device of Cladm 18, wherein:

the power managsment module firther includes a configuration to detenmine a
state of charge of a peripheral device batfery installed in the wireless peripheral device and
supply peripheral device batjery charge-state data vepreseatative thereol;

the processor is coupled to receive the peripheral device battery charge-siate data
and is further configured, upon receipt thereof, to supply a peripheral device
reconfiguralion signal to the wireless peripheral device, via the peripheral device
comnrumcation imerface, il the peripheral device battery charge state is below 2
pradeternuned thresheld charge state; and

the wireless peripheral device, upon receipt of the reconfiguration signal, is

recorsfigured 1o limit communicalion to or from itself.

20, A method of providing bio-feedback o a patient having one of mors

medical devices, the method comprising the steps off
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supplying patient symptom data to & personal computer (PC), the patient sympiom
data representative of one of more symptoms being experienced by the patient;

transniitiing medical device daia from the medical device lo the PC;

processing the supplied patient symptom data and the transiitted nedical device
dats inthe PC; and

based on the processed data, supplying diagnostic bio-feedback to the patient via
the PC,
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