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Description

TECHNICAL FIELD

[0001] The present invention relates generally to med-
ical device systems, and more particularly relates to a
system and method for communication between an im-
plantable medical device (IMD) and a remote computer
and/or health care provider employing a mobile tele-
phone and a communication module linked thereto.

BACKGROUND

[0002] An ideal technology-based health care system
would be capable of fully integrating the technical and
social aspects of patient care and therapy and permit a
patient or a medical device implanted within the patient
to communicate with a remote computer system or health
care provider irrespective of the location of the patient,
the remote computer system or the health care provider.
While clinicians will continue to treat patients in accord-
ance with accepted modem medical practice, develop-
ments in communications technology are making it ever
more possible to provide medical services in a time- and
place-independent manner.
[0003] Prior art methods of providing clinical medical
services are generally limited to in-hospital or in-clinic
procedures. For example, if a physician must review the
performance parameters of an implantable medical de-
vice (hereinafter "IMD") in a patient, it is likely the patient
will have to visit a clinic or hospital where the review can
accomplished. If the medical conditions of a patient hav-
ing an IMD warrant continuous monitoring or adjustment
of the device, the patient may have to remain at the hos-
pital. Such continued treatment poses economic and so-
cial problems. Additionally, patients’ physical move-
ments are restricted and patients are inconvenienced by
the need to visit or stay in a hospital or a clinic. As the
proportion of the population with implanted medical de-
vices increases, ever more hospitals, clinics and service
personnel will be required to provide in-hospital or in-
clinic services to such patients, thus escalating health-
care costs. In accordance with prior art practice, most
patients having IMDs are required to visit a clinical center
for occasional retrieval of data therefrom. Typically, the
IMD’s performance is assessed and patient data are ac-
quired for clinical and research purposes. Such data is
usually acquired by having the patient visit a hospital or
clinic where data stored in the memory of the IMD is up-
loaded to a programmer. Depending on the frequency of
data acquisition and storage, this procedure can result
in difficulty and inconvenience for patients living in rural
areas or having limited physical mobility. Similarly, if the
software in an IMD must be updated, the patient is re-
quired to come into a clinic or hospital to have the upgrade
installed.
[0004] The prior art discloses various types of remote
sensing and communication systems that interact with

IMDs. One such system is disclosed in Funke, U.S. Pat-
ent No. 4,987,897. This patent discloses a system that
is at least partially implanted into a living body with a
minimum of two implanted devices interconnected by a
communication transmission channel. The invention fur-
ther discloses wireless communications between an ex-
ternal medical device/programmer and an implanted de-
vice. Another example of a prior art sensing and commu-
nication system is disclosed by Strandberg in U.S. Patent
No. 4,886,064. In this patent, body activity sensors, such
as temperature, motion, respiration and/or blood oxygen
sensors, are positioned in a patient’s body outside a pac-
er capsule. The sensors wirelessly transmit body activity
signals, which are processed by circuitry in the heart pac-
er. The heart pacing functions are influenced by the proc-
essed signals. The signal transmission is a two-way net-
work and allows the sensors to receive control signals
for altering the sensor characteristics. In U.S Patent No.
4,494,950, Fischell discloses a system consisting of a
plurality of separate modules that collectively perform a
useful biomedical purpose. The modules communicate
electromagnetically with one another without the use of
interconnecting wires. Physiologic sensor measure-
ments sent from a first module cause a second module
to perform some function in a closed loop manner.
[0005] One example of remote monitoring of implanted
cardioverter defibrillators is U.S. Patent No. 5,321,618
to Gessman, where a remote apparatus is adapted to
receive commands from and transmit data to a central
monitoring facility over telephone communication chan-
nels. The remote apparatus includes equipment for ac-
quiring a patient’s ECG and transmitting same to the cen-
tral facility using telephone communications channels.
The remote apparatus also includes a segment, respon-
sive to a command received from the central monitoring
facility, for enabling the emission of audio tone signals
from the cardioverter defibrillator. The audio tones are
detected and sent to the central monitoring facility via the
telephone communication channel. The remote appara-
tus also includes patient alert devices, which are activat-
ed by commands received from the central monitoring
facility over the telephone communication channel.
[0006] An additional example of prior art practice in-
cludes a packet-based telemedicine system for commu-
nicating information between central monitoring stations
and a remote patient monitoring station disclosed by
Pfeiffer in WO 99/14882 published 25 March, 1999. This
disclosure relates to a packet-based telemedicine sys-
tem for communicating video, voice and medical data
between a central monitoring station and a patient that
is remotely located with respect to the central monitoring
station. The patient monitoring station obtains digital vid-
eo, voice and medical measurement data from a patient
and encapsulates the data in packets and sends the
packets over a network to the central monitoring station.
Since the information is encapsulated in packets, the in-
formation can be sent over multiple types or combination
of network architectures, including a community access
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television (CATV) network, the public switched telephone
network (PSTN), the integrated services digital network
(ISDN), the Internet, a local area network (LAN), a wide
area network (WAN), over a wireless communications
network, or over asynchronous transfer mode (ATM) net-
work. A separate transmission code is not required for
each different type of transmission media.
[0007] Another example of a telemetry system for
IMDs is disclosed by Duffin et al. in U.S. Patent No.
5,752,976. The Duffin disclosure relates to a system and
method for communicating with a medical device implant-
ed in an ambulatory patient and for locating the patient
in order to selectively monitor device function from a re-
mote medical support network. The communications link
between the medical support network and the patient
communications control device may comprise a world
wide satellite network, a cellular telephone network or
other personal communications system. Thompson et al.
disclose a patient tracking system in U.S. Patent Nos.
6,083,248 and 5,752,976 entitled "World-wide Patient
Location and Data Telemetry System For IMDs ".
Thompson et al. also describe features for patient track-
ing in a mobile environment worldwide via the GPS sys-
tem.
[0008] Ferek-Petric discloses a system for communi-
cation with a medical device in copending U.S. Patent
Application Ser. No. 09/348,506 entitled "System for Re-
mote Communication with a Medical Device" filed July
7, 1999. Ferek-Petric’s disclosure relates to a system
that permits remote communications with a medical de-
vice, such as a programmer. Experts provide guidance
and support to remote service personnel or operators
located at the programmer. The system may include a
medical device adapted to be implanted into a patient; a
server PC communicating with the medical device; the
server PC having means for receiving data transmitted
across a dispersed data communication pathway, such
as the Internet; and a client PC having means for receiv-
ing data transmitted across a dispersed communications
pathway from the SPC. In certain configurations, the
server PC may have means for transmitting data across
a dispersed data communication pathway (Internet)
along a first channel and a second channel; and the client
PC may have means for receiving data across a dis-
persed communication pathway from the server PC
along a first channel and a second channel.
[0009] Ferek-Petric further discloses the implementa-
tion of communication systems associated with IMDs that
are compatible with the Internet. The communications
scheme is structured primarily to alert remote experts to
existing or impending problems with the programming
device so that prudent action, such as early maintenance
or other remedial steps, may be exercised in a timely
manner. Further, because of the early warning or ad-
vance knowledge of the problem, the remote expert
would be well informed to provide remote advice or guid-
ance to service personnel or operators at the program-
mer. In U.S Patent No. 5,800,473, Faisandier et al. pro-

vide a system and method for the automatic update of
the software of an external programmer implant that is
used to program and configure an active IMD implant
and acquire data obtained by the implant. The program-
mer comprises software composed of an assembly of
software objects. The implant comprises a memory con-
taining parametric data for the functioning of the implant
and an assembly of software objects necessary for the
functioning of the programmer in connection with the par-
ametric data.
[0010] In U.S. Patent No. 5,772,586 to Heinonen et al.
, there is disclosed a method for monitoring the health of
a patient by utilizing measurements. The measurements
are supplied via a communication device utilizing a wire-
less data transmission link to a data processing system
available to the person monitoring the patient’s health.
The patient’s health is monitored by means of the data
stored in the data processing system.
[0011] In EP 0 987 047 A2 to Lang et al. entitled "Pa-
tient Monitoring System" having a priority date of Sep-
tember 18, 1998, there is a description of sensing and
acquiring physiological data with a pacemaker or defi-
brillator, and transmitting those data by mobile phone to
an external system accessible by a cardiologist. The car-
diologist may then evaluate the data and initiate emer-
gency action such as ordering an ambulance. The mobile
phone may also be employed to determine the patient’s
geographical location, as well as to transmit a signal
warning of a low state of charge in the pacemaker or
defibrillator battery.
[0012] It will now be seen that there exist many unful-
filled needs to more easily, quickly and cost-effectively
monitor and control the performance of an IMD in a pa-
tient on a regular or continuous basis, where the patient
is not required to visit a health care facility or a health
care provider in person when the monitoring is undertak-
en. It will also now be seen that there exist many unful-
filled needs to more easily, quickly and cost effectively
monitor and control the health of a patient having an IMD
on a regular or continuous basis, where the patient is not
required to visit a health care facility or a health care
provider in person when the monitoring is undertaken.
Ambulatory patients suffering from atrial fibrillation,
chronic pain, bradycardia, syncope, tachycardia and oth-
er maladies treated with IMDs need a tool to communi-
cate with their physicians or other health care providers
when they want to. There are now over 2.5 million am-
bulatory implantable pacemaker patients, virtually all of
whom must visit a clinic or hospital to have their health
status or pacemaker performance checked.
[0013] Patents and printed publications describing var-
ious aspects of the foregoing problems and the state of
the art are listed below.
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TABLE 1: PATENTS

U.S. or Foreign Patent or Patent Application / Publi-
cation No. Inventor(s) Issue Date or For-
eign Priority Date

[0014]

U.S. 4,494,950Fischell Jan. 22, 1985

U.S. 4,531,523Anderson Jul. 30, 1985

U.S.,531,527Reinhold, JR.et al. Jul. 30, 1985

U.S. 4,768,176Kehr et al. Aug. 30, 1988

U.S. 4,768,177Kehr et al. ug. 30, 1988

U.S. 4,886,064Strandberg Dec. 12, 1989

U.S. 4,987,897Funke Jan. 29, 1991

U.S. 5,047,948Turner Sept. 10, 1991

U.S. 5,100,380Epstein et al. Mar. 31, 1992

U.S. 5,113,869Nappholz et al. May 19, 1992

U.S. 5,172,698Stanko Dec. 22, 1992

U.S. 5,200,891Kehr et al. Apr. 6, 1993

U.S. 5,226,425Righter Jul. 13, 1993

U.S. 5,321,618Gessman Jun. 14, 1994

U.S. 5,336,245Adams et al. Aug. 9, 1994

U.S. 5,338,157BlomquistAug. 16, 1994

U.S. 5,354,319Blomquist Oct. 11, 1994

U.S. 5,369,699Page et al. Nov. 29, 1994

U.S. 5,400,246Wilson et al. Mar. 21, 1995

U.S. 5,522,396Langer et al. Jun. 4, 1996

U.S. 5,526,630Markowitz et al. May 6, 1997

U.S. 5,573,506Vasko Nov. 12, 1996

U.S. 5,582,593Hultman Dec. 10, 1996

U.S. 5,619,991Sloane Apr. 15, 1997

U.S. 5,634,468Platt et al. Jun. 3, 1997

U.S. 5,642,731Kehr Jul. 1, 1997

U.S. 5,643,212Coutre et al. Jul. 1, 1997

U.S. 5,678,562Sellers Oct. 21, 1997

U.S. 5,683,432Goedeke et al. Nov. 4, 1997

U.S. 5,697,959Poore Dec. 16,1997

U.S. 5,719,761Gatti et al. Feb. 17, 1998

U.S. 5,720,770Nappholz et al. Feb. 24, 1998

U.S. 5,720,771Snell Feb. 24, 1998

U.S. 5,722,999Snell Mar. 3, 1998

U.S. 5,749,907Mann May 12, 1998

U.S. 5,752,235Demenus et al. May 12, 1998

U.S. 5,752,976 Duffin et al. May 19, 1998

U.S. 5,791,342Woodard Aug. 11, 1998

U.S. 5,800,473Faisandier Sep. 1, 1998

U.S. 5,839,438Craettinger et al. Nov. 24, 1998

U.S. 5,843,138Goedeke et al. Dec. 1, 1998

U.S. 5,848,593 Mcgrady et al. Dec. 15, 1998

U.S. 5,855,609 Knapp Jan. 5, 1999

U.S. 5,857,967Frid et al. Jan. 12, 1999

U.S. 5,876,351Rohde Mar. 2, 1999

U.S. 5,895,371 Levital et al. Apr. 20, 1999

U.S. 5,912,818 McGrady et al. Jun. 15, 1999

U.S. 5,941,906Barreras Sr. et al. Aug. 24, 1999

U.S. 5,944,659Flach et al. Aug. 31, 1999

U.S. 5,954,641Kehr et al. Sep. 21, 1999

U.S. 5,971,593McGrady Oct. 26, 1999

U.S. 5,974,124Schlueter, Jr. et al. Oct. 26, 1999

U.S. 5,977,431Knapp et al. Nov. 2, 1999

U.S. 5,987,519Peifer et al. Nov. 16, 1999
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U.S. 5,993,046McGrady et al. Nov. 30, 1999

U.S. 6,004,020Bartur Dec. 21, 1999

U.S. 6,006,035Nabahi Dec. 21, 1999

U.S. 6,022,315Iliff Feb. 8, 2000

U.S. 6,023,345Bloomfield Feb. 8, 2000

U.S. 6,024,539Blomquist Feb. 15,2000

U.S. 6,025,931Bloomfield Feb. 15, 2000

U.S. 6,035,328Soukal Mar. 7, 2000

U.S. 6,053,887Levitas et al. Apr. 25, 2000

WO 99/14882Pfeifer et al. Mar. 25, 1999

WO 97/00708Duffin et al. Jan. 9, 1997

EP 0 987 047 2Lang et al. Sept. 18, 1998

EP 062 976 A2Schaldach et al. June 26, 1999

EP 062 980 A2Kraus et al. June 25, 1999

EP 062 981 A2Kraus et al. June 25, 1999

EP 062 982 A2Kraus et al. June 25, 1999

EP 062 983 A2Kraus et al. June 25, 1999

EP 062 984 A2Kraus et al. June 25, 1999

EP 062 985 A2Kraus et al. June 25, 1999

EP 062 986 A2Lorkowski et al. June 25, 1999

[0015] As those of ordinary skill in the art will appreciate
readily upon reviewing the drawings set forth herein and
upon reading the Summary of the Invention, Detailed De-
scription of the Preferred Embodiments and Claims set
forth below, at least some of the devices and methods
disclosed in the patents and publications listed herein-
above may be modified advantageously in accordance
with the teachings of the present invention.

SUMMARY

[0016] Various embodiments of the present invention
have certain objects. That is, various embodiments of
the present invention provide solutions to problems ex-
isting in the prior art, including, but not limited to, prob-
lems such as: (a) requiring patients having IMDs to visit
a hospital or clinic for routine monitoring of the patient’s
health; (b) requiring patients having IMDs to visit a hos-

pital or clinic for routine monitoring of the IMD’s perform-
ance; (c) requiring patients having IMDs to visit a hospital
or clinic when the IMD is to be re-programmed; (d) rela-
tively long periods of time passing (e.g., hours, days or
even weeks) between the time a patient first detects a
problem with the operation of an IMD or the patient’s
health on the one hand, and the time the problem is ac-
tually diagnosed and/or acted upon by a physician or
other health care professional on the other hand; (e) IMD
performance monitoring being relatively expensive ow-
ing to patients being required to visit a clinic or hospital;
(f) monitoring of patients having IMDs being relatively
expensive owing to patients being required to visit a clinic
or hospital; (g) existing remote patient monitoring teleph-
ony systems being expensive, bulky, unwieldy, station-
ary, and limited in application; (h) existing remote IMD
monitoring telephony systems being expensive, bulky,
unwieldy, stationary, and limited in application; (i) com-
plicated, expensive, non-uniform and time-consuming
billing, invoicing and reimbursement systems for medical
services rendered; (j) non-continuous service as the pa-
tient travels from location to location, such as between a
residence and an office; (k) complicated or difficult pro-
cedures for purchasing, upgrading or otherwise modify-
ing service levels provided remotely; (1) the potential for
unauthorized access to the data generated by, or actions
performed by the IMD; and (m) cumbersome or bulky
communication devices.
[0017] Various embodiments of the present invention
have certain advantages, including, without limitation,
one or more of: (a) reducing, if not eliminating, the re-
quirement for a patient having an IMD to visit a clinic or
a hospital for routine check-ups or monitoring of the IMD;
(b) substantially reducing costs associated with monitor-
ing patients having IMDs; (c) substantially reducing costs
associated with monitoring the performance of IMDs; (d)
providing a patient having an IMD with the ability to con-
tact a health care provider or health care provider service
almost instantly in respect of the patient’s current health
status; (e) providing a patient with the ability to contact
a health care provider or health care provider service
almost instantly in respect of the performance of the IMD;
(f) providing a patient having an IMD with the ability to
contact a health care provider or health care provider
service in respect of the patient’s current health status
from almost any location; (g) providing a patient having
an IMD with the ability to contact a health care provider
or health care provider service in respect of the perform-
ance of the IMD from almost any location; (h) providing
a health care provider or service provider with the ability
to contact almost instantly a patient having an IMD in
respect of the patient’s current health status; (i) providing
a health care provider or service provider with the ability
to contact almost instantly a patient having an IMD in
respect of the performance of the IMD; (j) providing a
health care provider or service provider with the ability
to contact a patient located almost anywhere having an
IMD in respect of the patient’s current health status; (k)
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providing a health care provider or service provider with
the ability to contact a patient located almost anywhere
having an IMD in respect of the performance of the IMD;
(1) providing a health care provider or service provider
with the ability to re-program an IMD located almost an-
ywhere; (m) providing a health care provider or service
provider with the ability to quickly download new software
to an IMD located almost anywhere; (n) providing a health
care provider or service provider, or a patient having an
IMD, to contact an emergency medical service quickly in
the event monitoring of the patient or the IMD reveals
such a service is required; (o) providing a computer sys-
tem with the ability to automatically and quickly contact
an emergency medical service in the event monitoring
of the patient or the IMD reveals such a service is re-
quired; (p) enabling remote software debugging, analy-
sis, troubleshooting, maintenance and upgrade of the
IMD or the communication module; (q) generating med-
ical service invoices automatically and efficiently; (r) reg-
ulating secure and private access to and from the IMD;
(s) providing a secure, robust, and reliable system for
seamlessly communicating between the IMD and the re-
mote system; (t) the ability to continuously monitor the
patient as the patient travels, such as between an office
and a residence of the patient; (u) simplifying the process
for upgrading or otherwise modifying the service level
provided to the patient by the remote system; (v) pre-
venting the unauthorized modification of information and
disruption of services; (w) preventing the unauthorized
collection, distribution and disclosure of information; (x)
controlling access to therapeutic capabilities provided by
the IMD; (y) automatically sensing and selecting one of
a number of detected communication channels based on
a variety of criteria including, the nature of the data re-
ceived from IMD, the reliability of each detected channel,
the speed of each detected channel, the cost for using
each detected channel, and the like; (z) sensing and es-
tablishing primary and backup communication channels
between the IMD and the remote system; (al) selecting
channels of communication according to criteria, such
as transmission speed, reliability, including error correc-
tion and data redundancy that may be available, real-
time behavior, topology, such as one-to-many, one-to-
one, and sequential, Quality of Service (QoS) function-
ality for the reservation of communication resources,
such as an allocation of bandwidth to support a required
transfer rate, and the like; (b1) automating the generation
of invoicing information, and automatically communicat-
ing the invoicing information to insurance providers
based on information stored within a general interface
unit (GIU) located on, near, or within the patient; (c1)
providing a general interface unit that incorporates a card
reader capable of reading a service card, such as a smart
card, and updating that service information based on the
data; (d1) the ability to make use of pre-paid service cards
having service information for pre-paid remote services
offered by a remote system; (e1) the ability to make use
of service cards prescribed by clinicians, or purchased

electronically by accessing a website or other means pro-
vided by the remote system; and (f1) the ability to readily
interconnect components to form a body local area net-
work near, on, or within the body of the patient, or any
combination thereof, for seamless and secure commu-
nication between multiple IMDs and the remote system.
[0018] Various embodiments of the present invention
have certain features, including one or more of the fol-
lowing: (a) a communication module, separate from, con-
nectable to, or integral with a mobile telephone, the mod-
ule being capable of communicating with an IMD and the
mobile telephone; (b) a communication module capable
of communicating with an IMD and a mobile telephone
comprising a microprocessor, a controller or other CPU,
computer readable memory operable connected to the
microprocessor, controller or CPU, and at least one RF
or other suitable type of communications circuit for trans-
mitting information to and receiving information from the
IMD; (c) a communication module capable of communi-
cating with an IMD and a mobile telephone comprising a
data output port, cable and connector for connection to
a mobile telephone data input port; (d) a communication
module capable of communicating with an IMD and a
mobile telephone comprising computer readable soft-
ware for initiating and maintaining communications with
a mobile telephone using standardized handshake pro-
tocols; (e) a communication module capable of commu-
nicating with an IMD and a mobile telephone comprising
at least one of: a telemetry signal strength indicator, a
telemetry session success indicator; a computer reada-
ble medium (such as volatile or non-volatile RAM, ROM,
EEPROM, a hard or floppy disk, flash memory, and so
on) for storing patient data and/or IMD data and/or soft-
ware; a real-time clock; a battery; a serial output interface;
a parallel output interface; (f) a communication module
capable of communicating with an IMD and a mobile tel-
ephone, the module being electrically powered by a port-
able energy source such as a battery located in, or con-
nected or attached to the mobile phone, or alternatively
being electrically powered by its own portable energy
source or household line ac power; (g) a communication
module capable of communicating with an IMD and a
mobile telephone, the module being plug-and-play com-
patible with the mobile telephone; (h) a communication
module capable of communicating with an IMD and a
mobile telephone, the module, upon receiving instruction
from a patient having the medical device implanted there-
in, interrogating the implantable device to assess oper-
ational performance of the device and/or the health status
of the patient, the module storing in a computer readable
medium and/or relaying such information to the patient
or to a remote computer via the mobile telephone; (i) a
communication module capable of communicating with
an IMD and a mobile telephone, the module, upon re-
ceiving instruction from a remote computer via the mobile
telephone, interrogating the implantable device to assess
operational performance of the device and/or the health
status of the patient, the module relaying such informa-
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tion to the patient or to a remote computer via the mobile
telephone; (j) a communication module capable of com-
municating with an IMD and a mobile telephone, the mod-
ule, upon receiving instruction from a remote computer
via the mobile telephone, relaying information stored in
a computer readable storage medium contained within
or attached to the module, where the information con-
cerns performance of the IMD or the module, and/or the
health status of the patient, to the patient and/or the re-
mote computer via the mobile telephone; (k) use of a
robust web-based remote expert data center, remote
computer system or remote health care provider or health
care provider, preferably accessible worldwide, to man-
age and tune software relating to the operational and
functional parameters of the communication module or
the IMD, most preferably in real-time or near real-time;
(1) remote diagnosis, analysis, maintenance, upgrade,
performance tracking, tuning and adjustment of a com-
munication module or IMD from a remote location; (m)
use of a highly flexible and adaptable communications
scheme to promote continuous and preferably real-time
data communications between a remote expert data
center, remote computer, and/or remote health care pro-
vider or health care provider and the communication
module via a mobile telephone; (n) a communications
system capable of detecting whether a component or
software defect exists in the IMD and/or the communica-
tion module; (o) a communications system wherein if a
defect or fault is discovered, the system is capable of
determining whether a remote "fix" is possible -- if not,
the system broadcasts an alert to a remote health care
provider, remote computer or remote expert based com-
puter system, most preferably attending to the problem
on a real-time basis; (p) a communications system ca-
pable of performing, by way of example only, data base
integrity checks, mean time between failure status of pre-
determined components and their associated embedded
systems; (q) a communications system capable of mining
patient history, performance parameter integrity and soft-
ware status from the communication module; (r) an au-
tomatic medical service invoicing or billing system; (s)
methods and processes associated with all the foregoing
devices and/or systems; (t) a general interface unit (GIU)
that provides continuous, real-time communication be-
tween the IMD and the remote system via one or more
communication channels continuously detects available
channels for communicating with remote system, and es-
tablishes communications sessions according to the de-
tected channels; (u) a GIU that selects one of a number
of detected communication channels based on a variety
of criteria including, the nature of the data received from
IMD, the reliability of each detected channel, the speed
of each detected channel, the cost for using each detect-
ed channel, and the like; (v) a GIU that senses the avail-
ability of a mobile telephone for establishing a cellular or
satellite based communication with the remote system;
(w) a GIU that senses the availability of a data commu-
nication equipment (DCE), which may be located near

the patient, that provides one or more of a number of
communication channels including a wired telephone
connections, a digital subscriber line, a cable modem
connection, an optical connection, and the like; (x) a GIU
that communicates with the DCE using a short-range
wireless communication protocol, such as Bluetooth; (y)
a GIU that senses the availability of an wireless access
point to a local network, and may establish a channel
with the local network according to a wireless networking
protocol, such as IEEE 802.11 a or 802.11b; (z) a GIU
that maintains channel data that parameterizes the chan-
nel according to criteria, such as transmission speed,
reliability, including error correction and data redundancy
that may be available, real-time behavior, topology, such
as one-to-many, one-to-one, and sequential, Quality of
Service (QoS) functionality for the reservation of com-
munication resources, such as an allocation of bandwidth
to support a required transfer rate, and the like; (a1) a
GIU that stores and uses service information to regulate
and control access to the IMD, the service information
being optionally organized as encrypted pass codes that
are matched against codes received from the remote sys-
tem; (b1) a GIU that uses the service information for au-
tomated reimbursement control; (c1) a GIU that includes
a card reader capable of reading a service card, such as
a smart card, and that updates that service information
based on the data; (d1) a body local network near, on,
or within the body of the patient, or any combination there-
of; (el) a body local network that includes multiple IMDs
implanted within the body of the patient, and an implant-
able router or hub implanted within the body to commu-
nicatively couple the IMDs, and to receive data from the
IMDs and route the data to the GIU; (f1) a body local
network in which a GIU includes a routing module; (g1)
a body network in which each of a plurality of implanted
devices are assigned a local network address, and GIU
includes a network address translation (NAT) module to
facilitate communications between the IMDs and the re-
mote system; (h1) a body local network in which a GIU
includes a firewall module to prevent the unauthorized
access to the IMDs; a body local network that may be
may be fixed to an article clothing of the patient, such as
belt, or may be integrally woven in whole or part within
the article clothing using electronic circuits and connect-
ing wires that may be sewn into that article of clothing,
flex electronics that integrate the functions into the article
of clothing, conductive, semi-conductive or optical fabric
strands for coupling components or implementing the cir-
cuitry, or any combination thereof. The invention is as
defined in the appended set of claims.
[0019] One embodiment of the present invention re-
lates generally to a communications scheme in which a
remote computer or computer system, or a remote health
care provider, communicates with an IMD implanted with-
in a patient by communicating through a mobile tele-
phone and/or PDA and a communication module located
near the patient, where the communication module is op-
eratively connected to the mobile telephone and /or PDA
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and is capable of telemetrically uploading and download-
ing information to and from the IMD, and thence via the
mobile telephone or PDA to the remote computer or
health care provider. In some embodiments of the
present invention, communications between the remote
computer system or remote health care provider and the
IMD include remotely debugging, updating or installing
new software in the IMD or the communication module.
[0020] Another embodiment of the present invention
comprises a communication module linked or connected
via a mobile telephone to a remote health care provider
or remote computer through the now nearly global mobile
telephone communications network (which here is de-
fined to include the Internet). At one end of the operative
structure there is a remote computer, a remote web-
based expert data center, and/or a remote health care
provider. At the other end of the operative structure lies
a mobile telephone or PDA operatively connected to a
communication module, where the communication mod-
ule is in turn capable of communicating with the IMD and
is optionally capable of storing information obtained from
the IMD therein. In-between the two foregoing ends of
the system of that embodiment lies the worldwide tele-
phone/Internet communications system.
[0021] In yet another embodiment of the present in-
vention, the critical components, embedded systems of
and software in the communication module and/or the
IMD may be remotely maintained, debugged and/or eval-
uated via the mobile telephone and/or PDA to ensure
proper functionality and performance by down-linking
suitable software or diagnostic routines or instructions
originating at the remote computer, the remote health
care provider, or the remote web-based expert data cent-
er, or by up-linking software loaded into the communica-
tion module and/or IMD for comparison or evaluation by
the remote computer, the remote health care provider,
or the remote web-based expert data center. The oper-
ational and functional software of the embedded systems
in the IMD and/or the communication module may be
remotely adjusted, upgraded or changed as required. At
least some software changes may be implemented in the
IMD by downlinking from the communication module to
the IMD.
[0022] In some embodiments of the present invention,
the performance of the IMD, or physiologic signals or
data indicative of the patient’s health status, may be re-
motely monitored or assessed by the remote health care
provider, the remote computer or computer system, or
the remote expert data center via the mobile telephone
and/or PDA and the communication module.
[0023] In other embodiments of the present invention,
there are provided communications systems comprising
integrated and efficient methods and structures for clin-
ical information management in which various networks,
such as by way of example only, Local Area Networks
(LANs), Wide Area Network (WANs), Integrated Services
Digital Network (ISDNs), Public Switched telephone Net-
works (PSTNs), the Internet, wireless networks, asyn-

chronous transfer mode (ATM) networks, satellites, mo-
bile telephones and other networks are implemented and
coordinated with one another to transfer information to
and from the IMD through the communication module
and the mobile telephone to a remote computer, remote
computer system, remote expert network, and/or a re-
mote health care provider or other authorized user.
[0024] In another embodiment, the present invention
is directed to a system comprising a plurality of medical
devices implanted within a body of a patient; and a gen-
eral interface unit (GIU) to receive physiological data from
the medical devices, wherein the GIU communicates the
physiological data to a system for remote analysis. The
general interface unit may include a routing module to
communicate the physiological data by routing data
packets between the remote system and the plurality of
implantable medical devices. The system may further
comprise an implantable routing device to route data
packets between the general interface unit and the plu-
rality of implantable medical devices. Each implantable
medical device may be assigned a network address, and
the general interface unit may perform network address
translation (NAT) to provide communications between
the plurality of implantable medical devices and the re-
mote system. In addition, the general interface unit may
comprise a firewall module to selectively provide access
to the implantable medical device. In another embodi-
ment, the present invention is directed to an apparatus
comprising input/output (I/O) circuitry to receive physio-
logical data from a medical device implanted within a
body of a patient, a storage medium to store service in-
formation that defines a level of remote service paid for
by the patient, and a processor to selectively communi-
cate the physiological data to a remote system based on
the service information.
[0025] In another embodiment, the present invention
is directed to a method comprising receiving with a gen-
eral interface unit physiological data from a medical de-
vice implanted within a body of a patient; identifying one
or more available communication channels to communi-
catively couple the general interface unit to a remote sys-
tem; selecting at least one of the communication chan-
nels; and communicating the physiological data from the
general interface unit to the remote system via the se-
lected communication channel. The method may further
comprise automatically establishing a communication
session using the selected communication channel, and
monitoring for short-range wireless devices, wireless net-
working devices, and cellular mobile telephones as the
patient travels between locations.
[0026] In the interest of brevity and simplicity, the ap-
plicants refer to the various foregoing and other commu-
nications system as "communications systems." It is to
be noted, however, that such communication systems
are interchangeable in the context of the present inven-
tion and may relate to various types of cable, fiber optic,
microwave, radio, laser and other communication sys-
tems, or any practical combinations thereof.
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[0027] The present invention provides significant com-
patibility and scalability in respect of web-based applica-
tions such as telemedicine and emerging web-based
technologies such as tele-immersion. For example, the
system may be adapted to applications in which a mobile
telephone uplinks to a remote data center, remote com-
puter, remote computer system or remote health care
provider or authorized user via a mobile telephone to
transfer data stored in the communication module or ob-
tained from the IMD, or to receive data from such remote
computers or health care providers. In these and other
applications, the data so transferred or received may be
employed as a preliminary screening tool to identify the
need for further intervention or action using web technol-
ogy.

BRIEF DESCRIPTION OF DRAWINGS

[0028] The present invention will become better un-
derstood by reference to the following Detailed Descrip-
tion of the Preferred Embodiments of the present inven-
tion when considered in connection with the accompa-
nying Figures, in which like numbers designate like parts
throughout, and where:

Figure 1 shows a simplified schematic view of one
embodiment of an IMD that may be employed in con-
junction with the present invention;
Figure 2 shows a simplified illustration of an IMD with
medical electrical leads positioned within passage-
ways of a heart;
Figure 3 shows a block diagram illustrating some
constituent components of an IMD;
Figure 4 shows a simplified schematic view of an
IMD with medical electrical leads positioned within
passageways of a heart;
Figure 5 shows a partial block diagram illustrating
one embodiment of an IMD that may be employed
in conjunction with the present invention;
Figures 6A through 6C show simplified schematic
and flow diagrams of various embodiments of the
principal communications components of the
present invention;
Figure 7 shows a block diagram illustrating major
components of one embodiment of a communication
module of the present invention;
Figure 8 illustrates various portions of a communi-
cations system in accordance with one embodiment
of the present invention;
Figures 9A and 9B show flow charts for two methods
of the present invention relating to patient-initiated
communication between the IMD and/or a commu-
nication module/mobile telephone or a PDA and var-
ious components of the remote system via a com-
munication system;
Figure 9C shows another method of the present in-
vention related to the methods illustrated in Figures
9A and 9B;

Figures 10A and 10B show flow charts for two meth-
ods of the present invention relating to device-initi-
ated communication between the IMD and/or com-
munication module /mobile telephone or PDA and
various components of the remote system via the
communication system;
Figures 11A and 11B show flow charts for two meth-
ods of the present invention relating to remote sys-
tem and/or a remote health care provider initiated
communication between the IMD and/or a commu-
nication module and/or a mobile telephone or a PDA
and various components of the remote system via
communication system;
Figure 12A shows one embodiment of the commu-
nication module, the mobile telephone or PDA, the
communication system, and the remote computer
system of the present invention;
Figures 12B and 12C show two methods of the
present invention associated with updating, debug-
ging, downloading and/or uploading software to or
from the IMD in accordance with the systems and
devices of the present invention, and
Figures 13A and 13B show flow charts for two meth-
ods of the present invention relating to emergency-
initiated communication between the IMD and/or the
communication module/mobile telephone or PDA
and various components of the remote system via
the communication system.
FIG. 14A illustrates another example system for pro-
viding continuous, real-time communication of the
physiological data received from the IMD to the re-
mote system.
FIG. 14B is a block diagram illustrating the GIU cou-
pled to multiple IMDs within the patient.
FIG. 14C is a block diagram illustrating the GIU cou-
pled to an implantable HUB for communicating with
a plurality of IMDs within the patient.
FIG. 15 is a block diagram further illustrating the abil-
ity of the GIU to provide seamless communication
between the patient and the remote system.
FIG. 16 is a block diagram illustrating an example
embodiment of the GIU.
FIG. 17 is a block diagram illustrating one exemplary
embodiment of service information maintained by
the GIU.
FIG. 18 is a block diagram illustrating a software ar-
chitecture for the GIU.
FIG. 19 is a block diagram illustrating an example
embodiment of a data communication equipment
(DCE).
FIG. 20A is a flowchart providing a high-level over-
view of one mode of operation of the GIU.
FIG. 20B is a block diagram providing a high-level
illustration of the channel selection process.
FIG. 21 is a flowchart further illustrating the operation
of the GIU when transmitting the physiological data.
FIGS. 22 -23 illustrate a flowchart depicting a more
detailed example operation of the GIU.

15 16 



EP 1 583 585 B1

10

5

10

15

20

25

30

35

40

45

50

55

FIG. 24 is a high-level schematic diagram illustration
an example GIU interacting with a service card.

DETAILED DESCRIPTION

[0029] Figure 1 is a simplified schematic view of one
embodiment of implantable medical device ("IMD") 10 of
the present invention. IMD 10 shown in Figure 1 is a
pacemaker comprising at least one of pacing and sensing
leads 16 and 18 attached to hermetically sealed enclo-
sure 14 and implanted near human or mammalian heart
8. Pacing and sensing leads 16 and 18 sense electrical
signals attendant to the depolarization and re-polariza-
tion of the heart 8, and further provide pacing pulses for
causing depolarization of cardiac tissue in the vicinity of
the distal ends thereof. Leads 16 and 18 may have uni-
polar or bipolar electrodes disposed thereon, as is well
known in the art. Examples of IMD 10 include implantable
cardiac pacemakers disclosed in U.S. Patent No.
5,158,078 to Bennett et al., U.S. Patent No. 5,312,453
to Shelton et al. or U.S. Patent No. 5,144,949 to Olson.
[0030] Figure 2 shows connector module 12 and her-
metically sealed enclosure 14 of IMD 10 located in and
near human or mammalian heart 8. Atrial and ventricular
pacing leads 16 and 18 extend from connector header
module 12 to the right atrium and ventricle, respectively,
of heart 8. Atrial electrodes 20 and 21 disposed at the
distal end of atrial pacing lead 16 are located in the right
atrium. Ventricular electrodes 28 and 29 at the distal end
of ventricular pacing lead 18 are located in the right ven-
tricle. Figure 3 shows a block diagram illustrating the con-
stituent components of IMD 10 in accordance with one
embodiment of the present invention, where IMD 10 is
pacemaker having a microprocessor-based architecture.
IMD 10 is shown as including activity sensor or acceler-
ometer 11, which is preferably a piezoceramic acceler-
ometer bonded to a hybrid circuit located inside enclo-
sure 14. Activity sensor 11 typically (although not neces-
sarily) provides a sensor output that varies as a function
of a measured parameter relating to a patient’s metabolic
requirements. For the sake of convenience, IMD 10 in
Figure 3 is shown with lead 18 only connected thereto;
similar circuitry and connections not explicitly shown in
Figure 3 apply to lead 16.
[0031] IMD 10 in Figure 3 is most preferably program-
mable by means of both an external programming unit
(not shown in the Figures) and communication module
100, more about which we say later. One such program-
mer is the commercially available Medtronic Model 9790
programmer, which is microprocessor-based and pro-
vides a series of encoded signals to IMD 10, typically
through a programming head which transmits or telem-
eters radio-frequency (RF) encoded signals to IMD 10.
Such a telemetry system is described in U.S. Patent No.
5,312,453 to Wybomy et al.
[0032] The programming methodology disclosed in
Wybomy et al.’s ’453 patent is identified herein for illus-
trative purposes only. Any of a number of suitable pro-

gramming and telemetry methodologies known in the art
may be employed so long as the desired information is
transmitted to and from the pacemaker.
[0033] As shown in Figure 3, lead 18 is coupled to node
50 in IMD 10 through input capacitor 52. Activity sensor
or accelerometer 11 is most preferably attached to a hy-
brid circuit located inside hermetically sealed enclosure
14 of IMD 10. The output signal provided by activity sen-
sor 11 is coupled to input/output circuit 54. Input/output
circuit 54 contains analog circuits for interfacing to heart
8, activity sensor 11, antenna 56 and circuits for the ap-
plication of stimulating pulses to heart 8. The rate of heart
8 is controlled by software-implemented algorithms
stored microcomputer circuit 58.
[0034] Microcomputer circuit 58 preferably comprises
on-board circuit 60 and off-board circuit 62. Circuit 58
may correspond to a microcomputer circuit disclosed in
U.S. Patent No. 5,312,453 to Shelton et al . On-board
circuit 60 preferably includes microprocessor 64, system
clock circuit 66 and on-board RAM 68 and ROM 70. Off-
board circuit 62 preferably comprises a RAM/ROM unit
On-board circuit 60 and off-board circuit 62 are each cou-
pled by data communication bus 72 to digital controller/
timer circuit 74. Microcomputer circuit 58 may comprise
a custom integrated circuit device augmented by stand-
ard RAM/ROM components.
[0035] Electrical components shown in Figure 3 are
powered by an appropriate implantable battery power
source 76 in accordance with common practice in the art
For the sake of clarity, the coupling of battery power to
the various components of IMD 10 is not shown in the
Figures. Antenna 56 is connected to input/output circuit
54 to permit uplink/downlink telemetry through RF trans-
mitter and receiver telemetry unit 78. By way of example,
telemetry unit 78 may correspond to that disclosed in
U.S. Patent No. 4,566,063 issued to Thompson et al., or
to that disclosed in the above-referenced ’453 patent to
Wybomy et al. It is generally preferred that the particular
programming and telemetry scheme selected permit the
entry and storage of cardiac rate-response parameters.
The specific embodiments of antenna 56, input/output
circuit 54 and telemetry unit 78 presented herein are
shown for illustrative purposes only, and are not intended
to limit the scope of the present invention.
[0036] Continuing to refer to Figure 3, VREF and Bias
circuit 82 most preferably generates stable voltage ref-
erence and bias currents for analog circuits included in
input/output circuit 54. Analog-to-digital converter (ADC)
and multiplexer unit 84 digitizes analog signals and volt-
ages to provide "real-time" telemetry intracardiac signals
and battery end-of-life (EOL) replacement functions. Op-
erating commands for controlling the timing of IMD 10
are coupled by data bus 72 to digital controller/timer cir-
cuit 74, where digital timers and counters establish the
overall escape interval of the IMD 10 as well as various
refractory, blanking and other timing windows for control-
ling the operation of peripheral components disposed
within input/output circuit 54.
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[0037] Digital controller/timer circuit 74 is preferably
coupled to sensing circuitry, including sense amplifier 88,
peak sense and threshold measurement unit 90 and
comparator/threshold detector 92. Circuit 74 is further
preferably coupled to electrogram (EGM) amplifier 94 for
receiving amplified and processed signals sensed by
lead 18. Sense amplifier 88 amplifies sensed electrical
cardiac signals and provides an amplified signal to peak
sense and threshold measurement circuitry 90, which in
turn provides an indication of peak sensed voltages and
measured sense amplifier threshold voltages on multiple
conductor signal path 67 to digital controller/timer circuit
74. An amplified sense amplifier signal is then provided
to comparator/threshold detector 92. By way of example,
sense amplifier 88 may correspond to that disclosed in
U.S. Patent No. 4,379,459 to Stein.
[0038] The electrogram signal provided by EGM am-
plifier 94 is employed when IMD 10 is being interrogated
by an external programmer to transmit a representation
of a cardiac analog electrogram. See, for example, U.S.
Patent No. 4,556,063 to Thompson et al.
[0039] Output pulse generator 96 provides pacing
stimuli to patient’s heart 8 through coupling capacitor 98
in response to a pacing trigger signal provided by digital
controller/timer circuit 74 each time the escape interval
times out, an externally transmitted pacing command is
received or in response to other stored commands as is
well known in the pacing art. By way of example, output
amplifier 96 may correspond generally to an output am-
plifier disclosed in U.S. Patent No. 4,476,868 to Thomp-
son
[0040] The specific embodiments of input amplifier 88,
output amplifier 96 and EGM amplifier 94 identified herein
are presented for illustrative purposes only, and are not
intended to be limiting in respect of the scope of the
present invention. The specific embodiments of such cir-
cuits may not be critical to practicing some embodiments
of the present invention so long as they provide means
for generating a stimulating pulse and are capable of pro-
viding signals indicative of natural or stimulated contrac-
tions of heart 8. In some preferred embodiments of the
present invention, IMD 10 may operate in various non-
rate-responsive modes, including, but not limited to,
DDD, DDI VVI, VOO and VVT modes. In other preferred
embodiments of the present invention, IMD 10 may op-
erate in various rate-responsive modes, including, but
not limited to, DDDR, DDIR, VVIR, VOOR and VVTR
modes. Some embodiments of the present invention are
capable of operating in both non-rate-responsive and
rate responsive modes. Moreover, in various embodi-
ments of the present invention IMD 10 may be program-
mably configured to operate so that it varies the rate at
which it delivers stimulating pulses to heart 8 only in re-
sponse to one or more selected sensor outputs being
generated. Numerous pacemaker features and functions
not explicitly mentioned herein may be incorporated into
IMD 10 while remaining within the scope of the present
invention.

[0041] The present invention is not limited in scope to
single-sensor or dual-sensor pacemakers, and is not lim-
ited to IMD’s comprising activity or pressure sensors only.
Nor is the present invention limited in scope to single-
chamber pacemakers, single-chamber leads for pace-
makers or single-sensor or dual-sensor leads for pace-
makers. Thus, various embodiments of the present in-
vention may be practiced in conjunction with more than
two leads or with multiple-chamber pacemakers, for ex-
ample. At least some embodiments of the present inven-
tion may be applied equally well in the contexts of single-,
dual-, triple- or quadruple- chamber pacemakers or other
types of IMD’s. See, for example, U.S. Patent No.
5,800,465 to Thompson et al.
[0042] IMD 10 may also be a pacemaker-cardioverter-
defibrillator ("PCD") corresponding to any of numerous
commercially available implantable PCD’s. Various em-
bodiments of the present invention may be practiced in
conjunction with PCD’s such as those disclosed in U.S.
Patent No. 5,545,186 to Olson et al., U.S. Patent No.
5,354,316 to Keimel, U.S. Patent No. 5,314,430 to Bardy,
U.S. Patent No. 5,131,388 to Pless and U.S. Patent No.
4,821,723 to Baker et al.
[0043] Figures 4 and 5 illustrate one embodiment of
IMD 10 and a corresponding lead set of the present in-
vention, where IMD 10 is a PCD. In Figure 4, the ven-
tricular lead takes the form of leads disclosed in U.S.
Patent Nos. 5,099,838 and 5,314,430 to Bardy, and in-
cludes an elongated insulative lead body 1 carrying three
concentric coiled conductors separated from one another
by tubular insulative sheaths. Located adjacent the distal
end of lead 1 are ring electrode 2, extendable helix elec-
trode 3 mounted retractably within insulative electrode
head 4 and elongated coil electrode 5. Each of the elec-
trodes is coupled to one of the coiled conductors within
lead body 1. Electrodes 2 and 3 are employed for cardiac
pacing and for sensing ventricular depolarizations. At the
proximal end of the lead is bifurcated connector 6 which
carries three electrical connectors, each coupled to one
of the coiled conductors. Defibrillation electrode 5 may
be fabricated from platinum, platinum alloy or other ma-
terials known to be usable in implantable defibrillation
electrodes and may be about 5 cm in length.
[0044] The atrial/SVC lead shown in Figure 4 includes
elongated insulative lead body 7 carrying three concen-
tric coiled conductors separated from one another by tu-
bular insulative sheaths corresponding to the structure
of the ventricular lead. Located adjacent the J-shaped
distal end of the lead are ring electrode 9 and extendable
helix electrode 13 mounted retractably within an insula-
tive electrode head 15. Each of the electrodes is coupled
to one of the coiled conductors within lead body 7. Elec-
trodes 13 and 9 are employed for atrial pacing and for
sensing atrial depolarizations. Elongated coil electrode
19 is provided proximal to electrode 9 and coupled to the
third conductor within lead body 7. Electrode 19 prefer-
ably is 10 cm in length or greater and is configured to
extend from the SVC toward the tricuspid valve. In one
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embodiment of the present invention, approximately 5
cm of the right atrium/SVC electrode is located in the
right atrium with the remaining 5 cm located in the SVC.
At the proximal end of the lead is bifurcated connector
17 carrying three electrical connectors, each coupled to
one of the coiled conductors.
[0045] The coronary sinus lead shown in Figure 4 as-
sumes the form of a coronary sinus lead disclosed in the
above cited ’838 patent issued to Bardy, and includes
elongated insulative lead body 41 carrying one coiled
conductor coupled to an elongated coiled defibrillation
electrode 21. Electrode 21, illustrated in broken outline
in Figure 4, is located within the coronary sinus and great
vein of the heart. At the proximal end of the lead is con-
nector plug 23 carrying an electrical connector coupled
to the coiled conductor. The coronary sinus/great vein
electrode 41 may be about 5 cm in length. Implantable
PCD 10 is shown in Figure 4 in combination with leads
1, 7 and 41, and lead connector assemblies 23, 17 and
6 inserted into connector block 12. Optionally, insulation
of the outward facing portion of housing 14 of PCD 10
may be provided using a plastic coating such as parylene
or silicone rubber, as is employed in some unipolar car-
diac pacemakers. The outward facing portion, however,
may be left uninsulated or some other division between
insulated and uninsulated portions may be employed.
The uninsulated portion of housing 14 serves as a sub-
cutaneous defibrillation electrode to defibrillate either the
atria or ventricles. Lead configurations other that those
shown in Figure 4 may be practiced in conjunction with
the present invention, such as those shown in U.S. Patent
No. 5,690,686 to Min et al.
[0046] Figure 5 is a functional schematic diagram of
one embodiment of implantable PCD 10 of the present
invention. This diagram should be taken as exemplary
of the type of device in which various embodiments of
the present invention may be embodied, and not as lim-
iting, as it is believed that the invention may be practiced
in a wide variety of device implementations, including
cardioverter and defibrillators which do not provide anti-
tachycardia pacing therapies.
[0047] IMD 10 is provided with an electrode system. If
the electrode configuration of Figure 4 is employed, the
correspondence to the illustrated electrodes is as follows.
Electrode 25 in Figure 5 includes the uninsulated portion
of the housing of PCD 10. Electrodes 25, 15, 21 and 5
are coupled to high voltage output circuit 27, which in-
cludes high voltage switches controlled by CV/defib con-
trol logic 29 via control bus 31. Switches disposed within
circuit 27 determine which electrodes are employed and
which electrodes are coupled to the positive and negative
terminals of the capacitor bank (which includes capaci-
tors 33 and 35) during delivery of defibrillation pulses.
Electrodes 2 and 3 are located on or in the ventricle and
are coupled to the R-wave amplifier 37, which preferably
takes the form of an automatic gain controlled amplifier
providing an adjustable sensing threshold as a function
of the measured R-wave amplitude. A signal is generated

on R-out line 39 whenever the signal sensed between
electrodes 2 and 3 exceeds the present sensing thresh-
old.
[0048] Electrodes 9 and 13 are located on or in the
atrium and are coupled to the P-wave amplifier 43, which
preferably also takes the form of an automatic gain con-
trolled amplifier providing an adjustable sensing thresh-
old as a function of the measured P-wave amplitude. A
signal is generated on P-out line 45 whenever the signal
sensed between electrodes 9 and 13 exceeds the
present sensing threshold. The general operation of R-
wave and P-wave amplifiers 37 and 43 may correspond
to that disclosed in U.S. Pat. No. 5,117,824, by Keimel
et al., issued Jun. 2, 1992, for "An Apparatus for Moni-
toring Electrical Physiologic Signals".
Switch matrix 47 is used to select which of the available
electrodes are coupled to wide band (0.5-200 Hz) ampli-
fier 49 for use in digital signal analysis. Selection of elec-
trodes is controlled by the microprocessor 51 via data/
address bus 53, which selections may be varied as de-
sired. Signals from the electrodes selected for coupling
to bandpass amplifier 49 are provided to multiplexer 55,
and thereafter converted to multi bit digital signals by A/D
converter 57, for storage in random access memory 59
under control of direct memory access circuit 61. Micro-
processor 51 may employ digital signal analysis tech-
niques to characterise the digitized signals stored in ran-
dom access memory 59 to recognize and classify the
patient’s heart rhythm employing any of the numerous
signal processing methodologies known in the art.
[0049] The remainder of the circuitry is dedicated to
the provision of cardiac pacing, cardioversion and defi-
brillation therapies, and, for purposes of the present in-
vention may correspond to circuitry known to those
skilled in the art. The following exemplary apparatus is
disclosed for accomplishing pacing, cardioversion and
defibrillation functions. Pacer timing/control circuitry 63
preferably includes programmable digital counters which
control the basic time intervals associated with DDD, VVI,
DVI, VDD, AAI, DDI and other modes of single and dual
chamber pacing well known in the art. Circuitry 63 also
preferably controls escape intervals associated with anti-
tachyarrhythmia pacing in both the atrium and the ven-
tricle, employing any anti-tachyarrhythmia pacing thera-
pies known to the art.
[0050] Intervals defined by pacing circuitry 63 include
atrial and ventricular pacing escape intervals, the refrac-
tory periods during which sensed P-waves and R-waves
are ineffective to restart timing of the escape intervals
and the pulse widths of the pacing pulses. The durations
of these intervals are determined by microprocessor 51,
in response to stored data in memory 59 and are com-
municated to pacing circuitry 63 via address/data bus 53.
Pacer circuitry 63 also determines the amplitude of the
cardiac pacing pulses under control of microprocessor
51.
[0051] During pacing, escape interval counters within
pacer timing/control circuitry 63 are reset upon sensing
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of R-waves and P-waves as indicated by a signals on
lines 39 and 45, and in accordance with the selected
mode of pacing on time-out trigger generation of pacing
pulses by pacer output circuitry 65 and 67, which are
coupled to electrodes 9, 13, 2 and 3. Escape interval
counters are also reset on generation of pacing pulses
and thereby control the basic timing of cardiac pacing
functions, including anti-tachyarrhythmia pacing. The du-
rations of the intervals defined by escape interval timers
are determined by microprocessor 51 via data/address
bus 53. The value of the count present in the escape
interval counters when reset by sensed R-waves and P-
waves may be used to measure the durations of R-R
intervals, P-P intervals, P-R intervals and R-P intervals,
which measurements are stored in memory 59 and used
to detect the presence of tachyarrhythmias.
[0052] Microprocessor 51 most preferably operates as
an interrupt driven device, and is responsive to interrupts
from pacer timing/control circuitry 63 corresponding to
the occurrence sensed P-waves and R-waves and cor-
responding to the generation of cardiac pacing pulses.
Those interrupts are provided via data/address bus 53.
Any necessary mathematical calculations to be per-
formed by microprocessor 51 and any updating of the
values or intervals controlled by pacer timing/control cir-
cuitry 63 take place following such interrupts.
[0053] Detection of atrial or ventricular tachyarrhyth-
mias, as employed in the present invention, may corre-
spond to tachyarrhythmia detection algorithms known in
the art. For example, the presence of an atrial or ven-
tricular tachyarrhythmia may be confirmed by detecting
a sustained series of short R-R or P-P intervals of an
average rate indicative of tachyarrhythmia or an unbro-
ken series of short R-R or P-P intervals. The suddenness
of onset of the detected high rates, the stability of the
high rates, and a number of other factors known in the
art may also be measured at this time. Appropriate ven-
tricular tachyarrhythmia detection methodologies meas-
uring such factors are described in U.S. Pat. No.
4,726,380 issued to Vollmann, U.S. Pat. No. 4,880,005
issued to Pless et al. and U.S. Pat. No. 4,830,006 issued
to Haluska et al.
[0054] An additional set of tachycardia recognition
methodologies is disclosed in the article "Onset and Sta-
bility for Ventricular Tachyarrhythmia Detection in an Im-
plantable Pacer-Cardioverter-Defibrillator" by Olson et
al., published in Computers in Cardiology, Oct. 7-10,
1986, IEEE Computer Society Press, pages 167-170.
[0055] Atrial fibrillation detection methodologies are
disclosed in Published PCT Application Ser. No.
US92/02829, Publication No. WO92/18198, by Adams
et al., and in the article "Automatic Tachycardia Recog-
nition", by Arzbaecher et al., published in PACE, May-
June, 1984, pp. 541-547.
[0056] In the event an atrial or ventricular tachyarrhyth-
mia is detected and an anti-tachyarrhythmia pacing reg-
imen is desired, appropriate timing intervals for control-
ling generation of anti-tachyarrhythmia pacing therapies

are loaded from microprocessor 51 into the pacer timing
and control circuitry 63, to control the operation of the
escape interval counters therein and to define refractory
periods during which detection of R-waves and P-waves
is ineffective to restart the escape interval counters.
[0057] Alternatively, circuitry for controlling the timing
and generation of anti-tachycardia pacing pulses as de-
scribed in U.S. Pat. No. 4,577,633, issued to Berkovits
et al. on Mar. 25, 1986, U.S. Pat. No. 4,880,005, issued
to Pless et al. on Nov. 14, 1989, U.S. Pat. No. 4,726,380,
issued to Vollmann et al. on Feb. 23, 1988 and U.S. Pat
No. 4,587,970, issued to Holley et al. on May 13, 1986,
may also be employed.
[0058] In the event that generation of a cardioversion
or defibrillation pulse is required, microprocessor 51 may
employ an escape interval counter to control timing of
such cardioversion and defibrillation pulses, as well as
associated refractory periods. In response to the detec-
tion of atrial or ventricular fibrillation or tachyarrhythmia
requiring a cardioversion pulse, microprocessor 51 acti-
vates cardioversion/defibrillation control circuitry 29,
which initiates charging of the high voltage capacitors 33
and 35 via charging circuit 69, under the control of high
voltage charging control line 71. The voltage on the high
voltage capacitors is monitored via VCAP line 73, which
is passed through multiplexer 55 and in response to
reaching a predetermined value set by microprocessor
51, results in generation of a logic signal on Cap Full (CF)
line 77 to terminate charging. Thereafter, timing of the
delivery of the defibrillation or cardioversion pulse is con-
trolled by pacer timing/control circuitry 63. Following de-
livery of the fibrillation or tachycardia therapy microproc-
essor 51 returns the device to q cardiac pacing mode
and awaits the next successive interrupt due to pacing
or the occurrence of a sensed atrial or ventricular depo-
larization.
[0059] Several embodiments of appropriate systems
for the delivery and synchronization of ventricular cardi-
oversion and defibrillation pulses and for controlling the
timing functions related to them are disclosed in U.S.
Patent No. 5,188,105 to Keimel, U.S. Pat. No. 5,269,298
to Adams et al. and U.S. Pat No. 4,316,472 to Mirowski
et al.
[0060] Any known cardioversion or defibrillation pulse
control circuitry is believed to be usable in conjunction
with various embodiments of the present invention, how-
ever. For example, circuitry controlling the timing and
generation of cardioversion and defibrillation pulses such
as that disclosed in U.S. Patent No. 4,384,585 to Zipes,
U.S. Patent No. 4,949,719 to Pless et al., or U.S. Patent
No. 4,375,817 to Engle et al. may also be employed.
[0061] Continuing to refer to Figure 5, delivery of car-
dioversion or defibrillation pulses is accomplished by out-
put circuit 27 under the control of control circuitry 29 via
control bus 31. Output circuit 27 determines whether a
monophasic or biphasic pulse is delivered, the polarity
of the electrodes and which electrodes are involved in
delivery of the pulse. Output circuit 27 also includes high
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voltage switches which control whether electrodes are
coupled together during delivery of the pulse. Alterna-
tively, electrodes intended to be coupled together during
the pulse may simply be permanently coupled to one
another, either exterior to or interior of the device housing,
and polarity may similarly be pre-set, as in current im-
plantable defibrillators. An example of output circuitry for
delivery of biphasic pulse regimens to multiple electrode
systems may be found in the above cited patent issued
to Mehra and in U.S. Patent No. 4,727,877,
[0062] An example of circuitry which may be used to
control delivery of monophasic pulses is disclosed in U.S.
Patent No. 5,163,427 to Keimel.
[0063] Output control circuitry similar to that disclosed
in U.S. Patent No. 4,953,551 to Mehra et al. or U.S. Patent
No. 4,800,883 to Winstrom, may also be used in con-
junction with various embodiments of the present inven-
tion to deliver biphasic pulses. Alternatively, IMD 10 may
be any type of implantable medical device, including, but
not limited to, an implantable nerve stimulator or muscle
stimulator such as those disclosed in U.S. Patent No.
5,199,428 to Obel et al., U.S. Patent No. 5,207,218 to
Carpentier et al. and U.S. Patent No. 5,330,507 to
Schwartz, an implantable monitoring device such as that
disclosed in U.S. Patent No. 5,331,966 issued to Bennet
et al., an implantable brain stimulator, an implantable
gastric system stimulator, an implantable vagus nerve
stimulator, an implantable lower colon stimulator (e.g., in
graciloplasty applications), an implantable drug or ben-
eficial agent dispenser or pump, an implantable cardiac
signal loop or other type of recorder or monitor, an im-
plantable gene therapy delivery device, an implantable
incontinence prevention or monitoring device, an im-
plantable insulin pump or monitoring device, and so on.
Thus, the present invention is believed to find wide ap-
plication in conjunction with almost any appropriately
adapted implantable medical device.
[0064] Figures 6A, 6B and 6C show simplified sche-
matic and flow diagrams of various embodiments of the
principal communications components of the present in-
vention. It is to be understood that the term "remote sys-
tem" employed in the specification and claims hereof in-
cludes within its scope the terms "remote computer", "re-
mote computer system", "remote computer network", "re-
mote expert data center", "remote data resource system",
"data resource system", and like terms. It is further to be
noted that the term "remote health care provider" em-
ployed in the specification and claims hereof includes
within its scope the terms "physician", "field clinical en-
gineering representative", "remote authorized user", "op-
erator", "remote user", "database specialist," "clinical
specialist," "nurse," "computer specialist", "remote oper-
ator", "remote user" and like terms, and that the term
"remote system" encompasses the foregoing terms.
[0065] Referring now to Figures 6A and 7, there is
shown a simplified schematic diagram of the major com-
ponents of the present invention comprising IMD 10,
communication module 100, mobile telephone 110, tel-

ephone/Internet communications network 120, and re-
mote computer or remote health care provider 130. In
the embodiment of the present invention illustrated in Fig-
ures 6A and 8, communication module 100 is disposed
within housing 102 and is connected by a suitable inter-
face to mobile telephone 110 via link, connection, cable
or line 107. Hardwired link, connection, cable or line 107
may be replaced with a wireless link, as discussed in
further detail below. Via link 107 or other suitable means,
mobile telephone 110 receives information or data from,
or sends information or data to, communication module
100. IMD 10 receives information or data from, or sends
information or data to, communication module 100, most
preferably via RF telemetric means discussed in further
detail below. Thus, communication module 100 acts as
a go-between in respect of mobile telephone 100 and
IMD 10. In some embodiments of the present invention,
communication module 100 and mobile telephone sup-
plant, eliminate or reduce the requirement for a conven-
tional implantable medical device programmer such as
a MEDTRONIC 9790 Programmer to communicate with
IMD 10. The hardware and/or software of communication
module 100 may be configured to operate in conjunction
with a plurality of different implantable medical devices
10. The particular type of IMD 10 to be communicated
with may be pre-programmed in module 100, or may be
selected before or at the time IMD is to be communicated
with. For example, communication module 10 may be
selectably configured or pre-programmed or configured
to communicate with, receive data from, and/or download
data to any of the various commercially available IMDs
manufactured and sold by MEDTRONIC, BIOTRONIK,
CARDIAC PACEMAKERS, GUIDANT, ELA, SIEMENS,
SORIN, NEUROCOR, ADVANCED NEUROLOGICAL
SYSTEMS, CYBERONICS and/or TERUMO using te-
lemetry communication protocols and techniques well
known in the art. Communication system 120 includes
within its scope the existing worldwide telephone and In-
ternet communications network, as well as future em-
bodiments thereof. Communication system 120 permits
communication module 100/mobile telephone or PDA
110 to communicate with remote system 130 via com-
munication system 120. Remote system 130 may com-
prise any one or more of remote computer system 130,
remote computer system 131’, remote health care pro-
vider, physician, database specialist, clinical specialist,
nurse, computer specialist and/or operator 136, and/or
remote physician 135. In addition to being capable of
communicating with communication module 100/mobile
telephone or PDA 110 via communication system 120,
remote computer system 131 may communicate with di-
rectly with computer system 131’ and/or remote health
care provider, physician, database specialist, clinical
specialist, nurse, computer specialist and/or operator
136 through link 139, or through links 137 and 137’ via
communication system 120.
[0066] Remote computer system 131 may also be con-
figured to communicate directly with physician 135, or to
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communicate with physician 135 via links 137 and
137" through communication system 120. Computer
system 131’ and/or remote health care provider, physi-
cian, database specialist, clinical specialist, nurse, com-
puter specialist or operator 136 may also communicate
with physician 130 directly through link 139’, or through
links 137’ and 137" via communication system 120.
[0067] It will now become clear to those skilled in the
art upon considering the present disclosure that many
different permutations and combinations of any pair or
more of communication module 100, mobile telephone
110, communication system 120, remote computer sys-
tem 131, remote computer system 131’, remote health
care provider, physician, database specialist, clinical
specialist, nurse, computer specialist and/or operator
136, physician 135, and links 137, 137’, 137", 139 and
139’ are possible, all of which are intended to fall within
the scope of the present invention.
[0068] Figure 6C shows simple flow diagrams corre-
sponding to one method of the present invention where
IMD 10, communication module 100/mobile telephone
or PDA 110 and remote system 130 communicate with
one another via communication system 120. IMD 10 may
monitor various aspects of the patient’s health, and store
same in memory as information or data. Upon IMD 10
detecting a threshold event (e.g., detection of arrhythmia
or fibrillation in patient 5) or receiving instruction from
patient 5 or remote system 130, IMD may upload stored
information or data to remote system 130 via communi-
cation module 100, mobile telephone 110 and commu-
nication system 120. IMD 10 may be interrogated directly
by patient 5, or may be interrogated remotely by remote
system 130 via communication module 100 and mobile
telephone 110. The system of the present invention may
also include provisions for determining the geographical
location of the patient using mobile cell telephone loca-
tion data or by incorporating or otherwise operably con-
necting a Global Positioning System (GPS) module into
communication module 100 or mobile telephone 110.
[0069] In one embodiment of the present invention,
IMD automatically contacts remote system 130 via com-
munication module 100 and mobile telephone 110 in re-
sponse to detecting a life-threatening or serious condition
in the patient’s health. In response to receiving informa-
tion concerning the detected condition from IMD 10, re-
mote system 130 may be employed to automatically or
under the supervision of health care provider 135 or 136
provide an appropriate response, such as the delivery of
instructions to IMD 10 to deliver a specific therapy or
alerting an emergency, ambulance or paramedic service
to proceed immediately to the location of patient 5. As
discussed above, the patient’s specific location may be
provided by various means, such as GPS or mobile tel-
ephone cell location identification information.
[0070] In another embodiment of the present inven-
tion, patient 5 senses a physiologic event and is suffi-
ciently concerned respecting same to manipulate user
interface 108 to cause data already uploaded into the

memory of communication module 100 (or data uploaded
into the memory of communication module 100 in re-
sponse to the patient’s manipulation of interface 108) to
be relayed to remote system 130 for analysis and further
action or response. In response to receiving information
concerning the patient’s health status from communica-
tion module 100, remote system 130 may be employed
to automatically or under the supervision of health care
provider 135 or 136 provide an appropriate response,
such as the delivery of instructions to IMD 10 to deliver
a specific therapy or alerting an emergency, ambulance
or paramedic service to proceed immediately to the lo-
cation of patient 5. Once again, the patient’s specific lo-
cation may be provided by various means, such as GPS
or mobile telephone cell location identification informa-
tion. Figure 7 shows some basic components of commu-
nication module 100 according to one embodiment of the
present invention. Communication module 100 prefera-
bly comprises microprocessor, CPU, micro-computer or
controller 104 for controlling the operation of module 100
and the exchange of data and information between IMD
10 and mobile telephone 110, telemetry module 101 for
communicating with IMD 10, memory/storage module
105 for storing or recalling information or data in memory,
a hard disk, or another computer readable medium such
as flash memory, ROM, RAM, EEPROM, and the like,
power management module 106 for monitoring the state
of charge and/or controlling the discharge of a battery
located in mobile telephone 110 or in communication
module 100, real time clock 109 for providing timing sig-
nals to computing and controlling device 104, and display
and/or user interface 108.
[0071] Referring now to Figures 6A and 7, electronics
disposed within communication module 100 are most
preferably electrically powered by one or more primary
or secondary (i.e., rechargeable) batteries disposed with-
in or attached to mobile telephone 110 using line or cord
108. Communication module 100 may also be powered
by such batteries disposed within housing 102, other
portable energy sources, solar panels, capacitors, su-
percapacitors, appropriately filtered and rectified house-
hold line ac power, or any other suitable power source.
Power management module 106 is preferably configured
to minimize current drain from whatever battery it is that
is being employed to power communication module 100
by utilizing wake-up mode and sleep mode schemes well
known in the implantable medical device and mobile tel-
ephone arts. Power management module 106 may also
be configured to permit communication module 100 to
be powered electrically by its own internal battery or the
battery of the mobile telephone in accordance with a pri-
ority scheme assigned to the use of those batteries. Thus,
if one battery’s state of charge becomes too low, power
management module 106 may be configured to switch
to the remaining battery as an electrical power source
for communication module 100 and/or mobile telephone
110.
[0072] Interface 103 may be any suitable interface,
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such as a serial or parallel interface. Cable or line 107
may include or be combined with line or cord 108. In a
preferred embodiment of the present invention, the end
of line 107 that attaches to mobile telephone 110 com-
prises a standardized connector which plugs directly into
a corresponding standardized or manufacturer-specific
connectors for such as the connectors found in many off-
the-shelf, unmodified, commercially-available mobile tel-
ephones or PDAs. In another embodiment of the present
invention, and as discussed in further detail below, com-
munication module 100 and mobile telephone 110 com-
municate wirelessly by, for example, RF, optical or infra-
red means and are not physically connected to one an-
other. As shown in Figure 6B, communication module
100 may be incorporated into or attached directly to the
housing of mobile telephone 110. In one such embodi-
ment of the present invention, at least portions of the
exterior housing of an off-the-shelf mobile telephone,
PDA and/or combined mobile telephone/PDA are modi-
fied to permit communication module 100 to be integrated
into mobile telephone or PDA 110 such that mobile tel-
ephone or PDA 110 and communication module 100 form
a single physical unit, thereby lending increased porta-
bility to the communication module of the present inven-
tion. Communication module 100 and mobile telephone
or PDA 110 may also be configured and shaped such
that module 100 clips onto or otherwise attaches to mo-
bile telephone 110 in a detachable, semi-permanent or
other manner. Although not shown explicitly in Figure 6B
or the other Figures, in the present invention it is of course
contemplated that mobile telephone or PDA 110 com-
municate with remote system 130 via communication
system 120, where communication system 120 most
preferably includes towers, transmitter, dishes, fiber optic
cables, conventional hard wiring, RF links, transponders
and other reception and transmission devices capable
of relaying or transponding signals received from or sent
to mobile phone or PDA 110.
[0073] In still another embodiment of the present in-
vention, an off-the-shelf mobile telephone or PDA 110
may be modified such that only a limited number of but-
tons having predetermined functions are presented to
and available for patient 5 to push. For example, such a
modified mobile telephone could present patient 5 with
one or more of "emergency 911 alert", "acquire IMD sta-
tus", "acquire patient health status", or "contact health
care provider" buttons, which when pressed will thereaf-
ter automatically execute the indicated instruction. Other
buttons might not be provided on such a modified mobile
telephone to avoid confusing patient 5. Similarly, such a
limited number of buttons having predetermined func-
tions could be incorporated into communication module
100, into combined mobile telephone 110/communica-
tion module 100, or into a mobile telephone adapted for
use by physician 135 or remote health care provider 136
in the system of the present invention.
[0074] As shown in Figure 7, communication module
100 may include optional display and/or user interface

108 for conveying certain information to or from patient
5. Such information may include, without limitation, the
current performance status of IMD 10, the patient’s cur-
rent health status, confirmation that an operation is being
carried out or has been executed by module 100 or mo-
bile telephone 110, indication that a health care provider
is attempting to communicate or is communicating with
patient 5, communication module 100 or IMD, indication
that successful telemetry communication between IMD
10 and module 100 is in progress, and the like. Display
and/or user interface 108 may comprise, by way of ex-
ample only, one or more LEDs, an LCD, a CRT, a plasma
screen, any other suitable display device known in the
mobile telephone, implantable medical device, compu-
ter, consumer appliance, consumer product or other arts.
Display and/or user interface 108 may also comprise, by
way of example only, a keyboard, push-buttons, a touch
panel, a touch screen, or any other suitable user interface
mechanism known in the mobile telephone, implantable
medical device, computer, consumer appliance, con-
sumer product or other arts.
[0075] Referring now to Figures 6A and 7, communi-
cation module 100 preferably communicates with mobile
telephone 110 via mobile telephone interface 103 and
line or connection 107 using standardized serial commu-
nication protocols and hardware and/or software control-
led handshakes associated with RS-232 connectors (al-
though other communication protocols and handshakes
may certainly be employed in the present invention, in-
cluding those which utilize parallel communication inter-
faces). Interface 103 may comprise a PCMCIA (Personal
Computer Memory Card International Association) mo-
dem card interface for communication between commu-
nication module 100 and mobile telephone 110. For ex-
ample, interface 103 may comprise a standard PCMCIA
plug-and-play 56 kbaud modem card adapted to be con-
nected to mobile telephone 110 using a serial or parallel
connecting cable of the type well known in the mobile
telephone and computer arts.
[0076] Communication module 100 may also be
adapted to receive other types of PCMCIA cards, such
as data storage cards and data memory cards for mem-
ory/storage module 105, display cards for display 108,
and so on. PCMCIA cards suitable for use in various em-
bodiments of the present invention may be PCMCIA Type
I cards up to 3.3 mm thick (used primarily for adding ad-
ditional ROM or RAM to a communication module 100),
PCMCIA Type II cards up to 5.5 mm thick (used primarily
for modem and fax modem cards), and PCMCIA Type
III cards up to 10.5 mm thick (sufficiently large for portable
disk drives). Various types of PCMCIA slots may also be
disposed in communication module 100 to receive the
foregoing PCMCIA cards, including Type I slots, Type II
slots, and Type III slots.
[0077] In another embodiment of the present inven-
tion, communication module 100 and mobile telephone
110 may not be physically connected to one another by
a data line or cord 107, and instead communicate wire-
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lessly through, by way of example only, RF or infrared
means. Likewise, antenna or coil 101 may be separate
or detachable from communication module and be ca-
pable of communicating wirelessly with communication
module 100.
[0078] Wireless communication between at least
some components of the communication system of the
present invention located near, on or in patient 5 may be
accomplished or assisted using devices which conform
to the BLUETOOTH standard, a 2.4 GHz wireless tech-
nology employed to transport data between cellular
phones, notebook PCs, and other handheld or portable
electronic gear at speeds of up to 1 megabit per second.
The BLUETOOTH standard was developed by the Blue-
tooth Special Interest Group (or "BSIG"), a consortium
formed by Ericsson, IBM, Intel, Nokia and Toshiba. The
BLUETOOTH standard is designed to be broadband
compatible, and capable of simultaneously supporting
multiple information sets and architecture, transmitting
data at relatively high speeds, and providing data, sound
and video services on demand. Of course, other suitable
wireless communication standards and methods now ex-
isting or developed in future are contemplated in the
present invention. It is to be noted that under some cir-
cumstances difficulty will be encountered employing
BLUETOOTH technology for communication with im-
plantable medical devices owing to the relatively high
power requirements of the system. Additionally, in the
present invention it is contemplated that various embod-
iments operate in conjunction with a BLUETOOTH or
BLUETOOTH-like wireless communication standard,
protocol or system where a frequency other than 2.4 GHz
is employed, or where infra-red, optical or other commu-
nication means are employed in at least portions of the
systems of the present invention and/or in conjunction
with BLUETOOTH or BLUETOOTH-like wireless RF
communication techniques. One embodiment of the
present invention using the BLUETOOTH standard in-
corporates an RF device, a baseband controller, and
flash memory. One example of an RF BLUETOOTH de-
vice finding application in the present invention is the
TEMIC SEMICONDUCTOR T2901 chip which enables
wireless data to be transferred at distances of 10 meters,
operates in the 2.4-GHz frequency band, and has a pow-
er output of 0 dBm. The baseband controller may be a
single-chip device that performs link-management and
control functions, and based on an ARM 7TDMI, a 32-bit
RISC-chip core from ARM, LTD.
[0079] In one embodiment of the present invention, a
plurality of IMDs 10 may be implanted in patient 5 (see,
for example, Figure 8). It is preferred that those IMDs be
capable of capable of communicating with one another
and/or with communication module 100 using, for exam-
ple, conventional RF telemetry means, BLUETOOTH
technology, or using so-called "Body Bus" or "Body
Wave" technology. See, for example, U.S. Patent Appli-
cation Ser. No. 09/218,946 to Ryan et al. for "Telemetry
for Implantable Devices Using the Body as an Antenna"

(approximately 3 MHz communication); U.S. Patent No.
5,113,859 to Funke et al. entitled "Acoustic Body Bus
Medical Device Communication System"; and U.S. Pat-
ent No. 4,987,897 to Funke et al. entitled "Body Bus Med-
ical Device Communication System".
[0080] Communication module 100 and microproces-
sor 104 may further operate under a Microsoft Pocket
PC, Windows 95, Windows 98, Windows 2000, Windows
CE, LINUX, UNIX, MAC, PalmOS, EPOC, EPOC16,
EPOC32, FLEXOS, OS/9, JavaOS, SYMBIAN or other
suitable computer operating environment. Communica-
tion module 100 is further preferably configured to accept
interchangeable plug-and-play cards therein. For exam-
ple, communication module 100 may be configured to
accept different plug-and-play cards for telemetry mod-
ule 101, where each plug-and-play card is particularly
adapted to permit telemetry module 101 to communicate
in an optimal fashion with a particular type or model of
IMD 10 implanted within patient 5. Thus, and by way of
example only, one type of plug-and-play card may be
configured to communicate particularly well with a certain
model or range of models of a pacemaker, while other
types of plug-and-play cards may be configured espe-
cially to communicate with nerve stimulators, drug pumps
or dispensers, gastric stimulators, PCDs, ICDs, and the
like.
[0081] Reference is made to U.S. Patent No.
5,701,894 to Cherry et al. for a "Modular Physiological
Computer-Recorder", where interchangeable plug and
play signal input conditioner cards are employed in con-
junction with a microprocessor system with analyzing
software, and where a removable memory module for
data storage is provided. Some concepts disclosed in
the ’894 patent to Cherry, such as interchangeable plug-
and-play cards and removable memory modules, are
adaptable for use in conjunction with certain portions of
the present invention, such as communication module
100 and microprocessor 104, memory/storage module
105, telemetry module 101, and the foregoing plug and
play and/or PCMCIA cards that may be associated there-
with.
[0082] It is preferred that information, programming
commands and/or data be transmitted to IMD 10 by com-
munication module 100, and that information and data
be received by communication module 100 from IMD 10,
using standard RF telemetry protocols and means well
known in the art of implantable medical devices. For ex-
ample, MEDTRONIC Telemetry A, B or C RF communi-
cation standards may be employed to effect communi-
cations between IMD 10 and communication module
100, and/or between IMD 10 and other IMDs implanted
within patient 5. Alternatively, communication methods
described in the foregoing ’859 and ’897 patents to Funke
and the ’946 patent application to Ryan et al. may be
employed to effect communications between IMD 10 and
communication module 100, and/or between IMD 10 and
other IMDs implanted within patient 5.
[0083] According to Telemetry A, B or C RF commu-
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nication standards, RF communication occurs at fre-
quencies of about 175 kHz, about 175 kHz and about
400 MHz, respectively, with respective communication
ranges between IMD 10 and communication module 100
of about 1" to about 4" (2.54 - 10-16 cm), and about
1" and about 20 feet (2.54 cm - 6 m). Communication
module 100 thus preferably comprises a telemetry an-
tenna or coil 101, which may be an externally detachable
RF head or equivalent well known in the art, or which
may be incorporated within housing 102. It is preferred
that communication module 100 be operative when
placed within a few feet of patient 5 so that module 100
may communicate with IMD 10 when patient 5, for ex-
ample, is undergoing a treadmill test. Communication
module 100 is preferably configured to permit communi-
cation according to the Telemetry A, B and C communi-
cation standards so that communication with a wide
range of old, new and future models and types of IMDs
is possible.
[0084] Referring now to Figures 3, 6A and 7, antenna
56 of IMD 10 is connected to input/output circuit 54 to
permit uplink/downlink telemetry through RF transmitter
and receiver telemetry unit 78. Information and/or data
are exchanged between IMD 10 and communication
module 100 by means of an antenna or coil forming a
part of telemetry module 101 in communication module
100 and antenna 56 disposed in IMD 10. Telemetry mod-
ule 101 may feature a detachable RF head comprising
a coil or antenna of the type well known in the implantable
medical device arts. Alternatively, the coil or antenna of
telemetry module 100 may be incorporated into commu-
nication module 100 such that module 100 is contained
within a single housing, or within the housing of mobile
telephone 110. Telemetry module 101 preferably com-
prises an external RF telemetry antenna coupled to a
telemetry transceiver and antenna driver circuit board
which includes a telemetry transmitter and telemetry re-
ceiver. The telemetry transmitter and telemetry receiver
are preferably coupled to control circuitry and registers
operated under the control of computing and control de-
vice 104. Similarly, within IMD 10, RF telemetry antenna
56 is coupled to a telemetry transceiver comprising RF
telemetry transmitter and receiver circuit 78. Circuit 78
in IMD 10 is coupled to control circuitry and registers
operated under the control of microcomputer circuit 58.
[0085] According to one embodiment of the present
invention, telemetry coil or antenna 101 may be incorpo-
rated into a belt, harness, strap, bandage, or article of
clothing which the patient wears and that positions coil
or antenna of telemetry module 101 directly over or oth-
erwise in close proximity to the patient’s heart 8 to thereby
provide suitable RF coupling between IMD 10 and com-
munication module 100. In such an embodiment of the
present invention, communication module 100 may be
attached to patient 5 along with mobile telephone 110
using, by way of example only, a belt or fanny pack, while
coil or antenna of telemetry module 101 is attached to
module 100 using a suitable wire or cord, thereby per-

mitting the patient considerable freedom of movement.
See, for example, Provisional U.S. Patent Appln. Ser.
No. 60/197,753 for "ECG and RF Apparatus for Medical
Device Systems" filed April 19, 2000 and corresponding
U.S. Patent Appln. Ser. No. 09/696,319 filed October 25,
2000 for "Method and Apparatus for Communicating with
Medical Device Systems" to Pool et al.,
[0086] As discussed above, uplinking of IMD 10 to, or
downlinking to IMD 10 from, remote system 130 may be
effected through mobile telephone or PDA 110 and tel-
ephone/Internet communications network or communi-
cation system 120. Accordingly, communication module
100, mobile telephone 110 and communication system
120 function as an interface between IMD 10 and remote
computer system 130. Communication module 100 may
also be configured to permit a dual uplinking capability,
where module 100 is capable of uplinking data and/or
information both to mobile telephone 110 and to a stand-
ard implantable medical device programmer (not shown
in the Figures), such as a MEDTRONIC 9790 Program-
mer or a programmer of the type disclosed in U.S Patent
No. 5,345,362 to Winkler.
[0087] Thus, in such an embodiment of the present
invention, IMD 10 may be communicated with remotely
in accordance with the methods and devices of the
present invention, or may be communicated with con-
ventional fashion, according to the patient’s and health
care provider’s needs at any particular time.
[0088] One feature of the present invention is the use
of various scalable, reliable and high-speed wireless or
other communication systems in communication system
120 to bi-directionally transmit high fidelity digital and/or
analog data between communication module 100 and
remote system 130. A variety of wireless and other suit-
able transmission and reception systems and combina-
tions thereof may be employed to help establish data
communications between communication module 100
and remote system 130, such as, without limitation, sta-
tionary microwave antennas, fiber optic cables, conven-
tional above-ground and underground telephone cables
and RF antennas well known in the art of mobile teleph-
ony.
[0089] As discussed above, remote system 130 and
communication module 100 are linked by mobile tele-
phone 110 and communication system 120. In one em-
bodiment of the present invention, communication sys-
tem 120 comprises a GSM network system comprising
a mobile station carried by the patient, a base station
subsystem for controlling the radio link with the mobile
station, and a network subsystem (the main part of which
is a mobile services switching center which performs the
switching of calls between the mobile and other fixed or
mobile network users, as well as management of mobile
services, such as authentication), and an operations and
maintenance center which oversees the proper operation
and setup of the network. The GSM mobile station and
the base station subsystem communicate across an air
interface or radio link. The base station subsystem com-
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municates with the mobile service switching center
across another interface.
[0090] Examples of telephone, computer and mobile
telephone communication air interface standards, proto-
cols and communication systems that may be employed
in conjunction with communication module 100, mobile
telephone 110, communication system 120, and remote
system 130 of the present invention include, but are in
no way limited to the following:

ATM (Asyncrhonous Transfer Mode);
AXE;
AMPS (Advanced Mobile Phone Service);
CDMA (Code Division Multiple Access);
DECT (Digital Enhanced Cordless Telecommunica-
tion);
Dual-mode combined mobile satellite and cellular
standards (employed by such Mobile Satellite Serv-
ices (MSSs) such as Immarsat, Odyssey, Global-
star, Teledesic, ICO, Thuyra, ACes, Agrani, EAST
and the now defunct Iridium system).
GSM (Geostationary Satellite Standard);
GMSS (Geostationary Mobile Satellite Standard);
GPRS (General Packet Radio Service - a standard
for wireless communications which runs at speeds
up to 150 kilobits per second, compared with current
GSM systems’ 9.6 kilobits per second -- which sup-
ports a wide range of bandwidths and is particularly
suited for sending and receiving small bursts of data,
such as e-mail and Web browsing, as well as large
volumes of data; see, for example, Japan’s NTT
DoCoMo I-mode system);
IMEI (International Mobile Equipment Identity -- a
unique number given to every mobile phone and
stored in a database - the EIR or Equipment Identity
Register -- containing all valid mobile phone equip-
ment; when a phone is reported stolen or is not type
approved, the number is marked invalid);
I-Mode (Japanese NTT DoCoMo Inc. system and
protocol for permitting internet access via mobile tel-
ephones)
IP Telephony Standards and communication sys-
tems; and
MOBITEX Virtual Private Networking;
MOEBIUS (Mobile Extranet Based Integrated User
Service);
NMT (Nordic Mobile Telephony);
PCS (Personal Communications Services);
PDA (Personal Data Assistant, e.g., PALM and
PALM-type "computing platforms" and/or "connect-
ed organizers");
PDC (Personal Digital Cellular);
Signaling System 7 (a telecommunications protocol
defined by the International Telecommunication Un-
ion -- ITU -- as a way to offload PSTN data traffic
congestion onto a wireless or wireline digital broad-
band network);
SIM (Subscriber Identity Module - smart cards that

fit into GSM handsets, holding information on the
phone subscriber and GSM encryption keys for se-
curity SIM cards that allow GSM subscribers to roam
in other GSM operator networks);
SIM Toolkit (a GSM standard adopted in 1996 for
programming a SIM card with applications - the SIM
toolkit allows operators to offer new services to the
handset);
SMS (Short Message Service, or the transmission
of short text messages to and from a mobile phone,
fax machine and/or IP address - messages must be
no longer than 160 alpha-numeric characters and
contain no images or graphics);
SMSC (Short Message Service Center - used in con-
junction with SMS to receive short messages);
TACS (Total Access Communication System);
TDMA (IS-136 specification for advanced digital
wireless services);
3G (Third Generation of digital wireless technology,
promising to bring data speeds of between 64,000
bits per second to 2 megabits per second - this next
generation of networks will generally allow down-
loading of video, high quality music and other multi-
media - the phones and networks also promise to
offer cellular phone customers worldwide roaming
capabilities because all 3G handsets are expected
to contain a universal SIM);
UMTS (Universal Mobile Telecommunications Sys-
tem or Third Generation (3G) mobile technology ca-
pable of delivering broadband information at speeds
up to 2Mbit s/sec, and in addition to voice and data,
delivering audio and video to wireless devices any-
where in the world through fixed, wireless and sat-
ellite systems);
WAP (Wireless Application Protocol);
and
WCDMA (Wideband Code Division Multiple Ac-
cess);

[0091] In the present invention, it is preferred that com-
munication system 120 offer a combination of all-digital
transparent voice, data, fax and paging services, and that
system 120 further provide interoperability between mo-
bile satellite and cellular networks. It is also preferred in
the present invention that communication system 120
permit patients to use mobile phones that are compatible
with satellite systems in any country as well as across a
plurality of geographic regions, thereby creating roaming
capabilities between different systems’ regional foot-
prints. In one such embodiment of the present invention,
mobile telephone 110 may be , for example, a Motorola
P7389 tri-band mobile telephone or similar device, or in-
clude a universal SIM, WAP or other card, chip or code
designed to allow patient 5 or health care provider 136
worldwide roaming privileges. Smart features or cards
may be incorporated into mobile phone 110 to offer in-
creased security for Internet, international and other
transactions or communications. Moreover, mobile
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phone 110 may be a "dual-slot" phone having a second
slot or connector into which patient 5 or health care pro-
vider 136 can insert a chip-based card or module for med-
ical service payments, applications, programming, con-
trolling, and/or assisting in controlling the operation of
mobile phone 110 and/or communications module 100.
Mobile phone 110 may also be configured to accept
PCM/CIA cards specially configured to fulfill the role of
communication module 100 of the present invention. Al-
ternatively, mobile phone 110 and/or communication
module 100 may receive medical service payment, ap-
plication programming, controlling and/or other informa-
tion or data by wireless means (e.g., BLUETOOTH tech-
nology, infrared signals, optical signals, etc.) from a chip-
based card, module or sensor located in relatively close
proximity to communication module 100 and/or mobile
telephone 110 and in the possession of patient 5 and/or
health care provider 136 or located in sufficiently close
proximity to patient 5 or remote health are provider 136
so as to permit reliable communication. Mobile phone
110 may also be an off-the-shelf or specially configured
phone having a plurality sensing electrodes disposed on
its backside for sensing ECGs. See for example, the VI-
TAPHONE product manufactured by vitaphone GmbH
of Altrip, Germany, which product may be modified ad-
vantageously in accordance with several embodiments
of the present invention upon reading the present disclo-
sure and reviewing the drawings hereof. In still another
embodiment of the present invention, a chip-based card
or module capable of effecting telemetric communica-
tions between IMD 10 and mobile phone 110 is config-
ured for insertion into a second slot of a dual-slot phone,
thereby eliminating the need to modify the housing or
other portions of an off-the-shelf mobile phone 110 for
use in the system of the present invention while also pre-
serving the first slot of the mobile phone for other appli-
cations.
[0092] It is also preferred in the present invention that
at least portions of communication module 100, mobile
phone 110, communication system 120 and remote sys-
tem 130 be capable of communicating in accordance with
the Transmission Control Protocol/Internet Protocol
(TCP/IP), the suite of communications protocols used to
connect hosts on the Internet. TCP/IP itself uses several
protocols, the two main ones being TCP and IP. TCP/IP
is built into the UNIX and other operating systems and is
used by the Internet, making it the de facto standard for
transmitting data over networks. Even network operating
systems that have their own protocols, such as Netware,
also support TCP/IP. Communication module 100 and
mobile telephone 110 may also be capable of accessing
the Internet using any one or more of the dial-up Inte-
grated Services Digital Network (ISDN) direct line, dial-
up Euro-ISDN direct line, dial-up ADSL direct line, and
conventional dial-up (i.e., modem via phone lines) stand-
ards, as well as by through network connections.
[0093] The mobile telephone of the present invention
is not limited to embodiments capable of receiving or

transmitting voice or data information only, but includes
within its scope mobile telephones having web-browsing,
e-mail, data storage, fax, 7and data uploading and/or
downloading capabilities. The mobile telephone of the
present invention also includes within its scope "smart"
mobile telephones that work as both mobile phones and
handheld computers, mobile telephones having remov-
able SIM or other cards, The Wireless Application Pro-
tocol (WAP) finds useful application in some embodi-
ments of communication module 100, mobile telephone
110, communication system 120, and remote system 130
of the present invention owing to its secure specification
that permits patient 5 or remote health care provider 136
(such as physician 135) to access information instantly
via communication module 100 and mobile telephone
110. WAP supports most wireless networks, including
CDPD, CDMA, GSM, PDC, PHS, TDMA, FLEX, Re-
FLEX, iDEN, TETRA, DECT, DataTAC, and Mobitex.
WAP is supported by virtually all operating systems, in-
cluding PalmOS, EPOC, Windows CE, FLEXOS, OS/9,
and JavaOS and perhaps SYMBIAN. WAP employed in
conjunction with 3G data transmission is viewed as being
a particularly efficacious component in some embodi-
ments of the present invention.
[0094] WAP is also particularly suitable for use in con-
nection with some embodiments of the present invention
because it can accommodate the low memory con-
straints of handheld devices and the low-bandwidth con-
straints of a wireless-handheld network. Although WAP
supports HTML and XML, the WML language (an XML
application) is specifically devised for small screens and
one-hand navigation without a keyboard. WML is scala-
ble from two-line text displays up through graphic screens
found on items such as smart phones and communica-
tors. WAP also supports WMLScript. It is similar to Java-
Script, but makes minimal demands on memory and CPU
power because it does not contain many of the unnec-
essary functions found in other scripting languages.
[0095] According to one embodiment of the present
invention, an operator or a computer located at remote
system 130 initiates remote contact with communication
module 100. As discussed above, communication mod-
ule 100 is capable of down-linking to and uplinking from
IMD 10 via telemetry module 101 and antenna or coil 56
and RF transceiver circuit 78 to enable the exchange of
data and information between IMD 10 and module 100.
For example, an operator or a clinician located at remote
computer 130 may initiate downlinking to communication
module 100 to perform a routine or a scheduled evalua-
tion of the performance of IMD 10 or communication mod-
ule 100. Such downlinking may also be initiated by re-
mote computer 130 according to a pre-programmed or
predetermined schedule, or in accordance with a pre-
scription previously issued by a physician.
[0096] Alternatively, uplinking of information or data
contained in IMD 10 may be initiated automatically by
IMD 10 or manually by patient 5 to remote computer 130
in response to a detected physiologic event (e.g., cardiac
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arrhythmia, cardiac tachycardia, syncope, cardiac fibril-
lation, vital signs of patient 5 being outside normal rang-
es, etc.) or an IMD performance-related event (e.g., low
battery, lead failure, excessive input impedance, etc.) via
communication module 100 and mobile telephone 110.
Examples of data or information that may be uplinked to
communication module 100 from IMD 10 include, but are
in no way limited to, blood pressure data, electrogram
data, electrocardiogram data, pH data, oxygen saturation
data, oxygen concentration data, QT interval data, activ-
ity level data, accelerometer or piezoelectric sensor data,
minute ventilation data, transthoracic impedance data,
heart rate data, heart rate variability data, ST elevation
data, T-wave alternans data, ICD or PCD charging cur-
rent status, current battery state of charge, drug pump
reservoir level status, drug pump reservoir filling status,
catheter occlusion data, IMD prescription table, software
application versions installed in the IMD, data stored in
or acquired by MEDTRONIC CHRONICLE devices, and
so on. Such data may be uplinked in real-time from IMD
10 to communication module 100. Alternatively, such da-
ta may be stored in a memory or storage device disposed
within IMD 10 for uplink according to a predetermined
schedule stored in IMD 10, upon sensing of a threshold
physiologic or IMD performance event, or when interro-
gated by communication module 100.
[0097] Communication module 100 may also acquire
such data or information from IMD 10 according to a pre-
determined schedule stored in a memory of communica-
tion module 100, and subsequently store such data in
memory/storage module 105 until communication mod-
ule 100 is interrogated by remote computer system 130
and an instruction is received to uplink the information or
data to remote system 130. Alternatively, communication
module 100 may acquire the information when prompted
to do so by patient 5 or by remote computer system 130.
[0098] In another embodiment of the present inven-
tion, a Personal Data Assistant (PDA) or similar device
is employed in place of, in addition to or as part of mobile
telephone 110. Combined mobile telephone and PDA
devices are specifically contemplated for use in conjunc-
tion with the devices, systems and methods of the present
invention. Examples of such combined mobile tele-
phones and PDAs include, but are not limited to, the NO-
KIA Model 9210 device, the MATSUSHITA DILIP MIS-
TRY device, and the COMPAQ iPAQ device. Communi-
cation module 100 is linked wirelessly or via a physical
connection to the PDA, which in turn is capable of com-
municating through communication system 120 with re-
mote system 130 and/or remote health care provider 136.
The PDA may communicate with and through communi-
cation system 120 via wireless means such as mobile
telephonic means, RF means, ultrasonic means, infrared
means or optical means, or may communicate with and
through communication system 120 via traditional tele-
phone wire means.
[0099] For example, the PDA or mobile telephone of
the present invention can be configured to receive and

transmit data by infra-red means to communication sys-
tem 120 and/or to communication module 110 located
on or near patient 5. As patient 5 roams about his home
or ventures to other locations such as suitably equipped
hotels, hospitals, communities, automobiles or aircraft
the PDA remains capable of receiving or transmitting in-
formation to or from, for example, infrared sensors or
other data communication ports (e.g., BLUETOOTH
ports) connected to or forming part of communication
system 120, and located in the walls, fixtures or other
portions of the environment through which patient 5 is
moving or located. Of course, the PDA also remains ca-
pable of communicating with communication module 100
(which in turn can communicate with IMD 10) so that data
may ultimately be exchanged between remote system
130 and IMD 10.
[0100] PDA 110 may also be configured to automati-
cally communicate with IMD 10 or communication system
120, or can be configured to do so upon the prompting
or initiation of patient 5, remote health care provider 136,
IMD 10 or remote system 130. In such a manner, it is
contemplated in the present invention that IMD 10, com-
munication module 100 and/or mobile telephone or PDA
110 can remain in continuous, relatively continuous or at
least intermittent communication with remote system 130
and/or health care provider 136 even as patient 5 drives
an automobile, goes to work, travels through airports or
on aircraft, walks through, buildings and so on.
[0101] PDA 110 and also Mobile phone 110 may also
be configured to accept PCM/CIA cards specially config-
ured to fulfill the role of communication module 100 of
the present invention. Alternatively, PDA 110 and/or
communication module 100 may receive medical service
payment, application programming, controlling and/or
other information or data by wireless means (e.g., BLUE-
TOOTH technology, infrared signals, optical signals,
etc.) from a chip-based card, module or sensor located
in relatively close proximity to communication module
100 and/or PDA 110 and in the possession of patient 5
and/or health care provider 136 or located in sufficiently
close proximity to patient 5 or remote health are provider
136 so as to permit reliable communication. PDA 110
may also be an off the-shelf or specially configured PDA
having a plurality sensing electrodes disposed on its
backside for sensing ECGs or other signals.
[0102] It is further contemplated in the present inven-
tion that communication module 100/110 comprise a
hand-held mobile telephone having WAP or BLUE-
TOOTH capabilities, or a hand-held mobile telephone
having keyboard and/or Liquid Crystal Display (LCD)
means for entering or responding to screen displays or
information. See, for example, the R380 handset manu-
factured by Ericcson of Sweden. Monochrome and color
LCD and other types of displays are also contemplated
for use with the mobile telephone or PDA of the present
invention. It is further contemplated in the present inven-
tion that an off-the-shelf mobile telephone, or combined
PDA and mobile telephone having a removable face-
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plate, where the original faceplate is removed from the
phone or PDA and replaced with a custom faceplate
where
[0103] Keyboardless mobile telephones 110, PDAs
110, or combined mobile telephones/PDAs 110 are also
contemplated in the present invention, where patient 5
taps on the display to bring up or enter information in a
manner similar to that now employed in, for example,
PALM-, HANDSPRING VISOR- or SONY CLIE-brand
PDAs. It is also contemplated that patient 5 interact with
communication module 100/110, remote system 130
and/or remote health care provider 136 by tapping on
screen icons displayed on a screen incorporated into
communication module 100/110. The icons could be, for
example, an ambulance icon indicating the need for
emergency care, a printer icon indicating that the patient
desires to have module 100/110 print out or display a
report on the patient’s health, a physician icon indicating
that the patient wishes to communicate with his remote
health care provider, and so on. Reference is made to
the "Handbook for the Palm V Organizer", P/N: 405-1139,
A/N: 423-1138 published by Palm Computing, Inc. of
Santa Clara, California. After reading the present disclo-
sure and reviewing the drawings thereof it will become
clear that many applications of PDAs can be envisaged
or implemented in conjunction with or as part of the var-
ious embodiments of the communication systems and
methods of the present invention. In still other embodi-
ments of the present invention, communication module
100 may be incorporated into or onto, or form a part of,
a device such as a patch or module adhered or otherwise
secured to or located near the skin or clothing of patient
5, or subcutaneously beneath the skin of patient 5, the
device being located on, near or in the patient in such a
position as to reliable permit telemetric or other commu-
nication with IMD 10, as well as with mobile telephone
or PDA 110. Mobile telephone or PDA 110 may further
be incorporated into such a device, volume, form factor
and weight permitting. See, for example, U.S. Patent No.
5,634,468 to Platt et al. which describes devices that may
be readily adapted in conformance with the immediately
foregoing embodiments of the present invention. Such a
device or patch may also be configured to hold and de-
liver beneficial agents to patient 5 in response to receiving
an appropriate signal or input from remote health care
provider 136, remote system 130, communication mod-
ule 100 and/or mobile telephone or PDA 110, or IMD 10.
That is, such a device may be, by way of example only,
an implantable drug pump or dispenser, a non-implant-
able drug pump or dispenser, a subcutaneous drug pump
or dispenser, a patch capable of transmitting or delivering
a beneficial agent to patient 5 electrically, mechanically,
transdermally, iontophoretically, electrophoretically or
otherwise. See, for example, the devices and methods
disclosed in U.S. Patent Numbers 6,126,642; 6,126,637;
6,105,442; 6,095,491; 6,090,071; 6,086,561; 6,086,560;
6,045,533; 6,063,059; 6,030,363; 6,027,472; 6,010,482;
6,007,518; 5,993,425; 5,993,421; 5,980,489; 5,962,794;

5,961,492; 5,957,891; 5,925,017; 5,921,962; 5,906,703;
5,906,592; 5,885,250; 5,876,377; 5,858,005; 5,873,857;
5,840,071; 5,830,187; 5,807,335; 5,807,323; 5,779,676;
5,776,103; 5,743,879; 5,741,242; 5,735,818; 5,720,729;
5,716,343; 5,700,244; 5,693,019; 5,693,018; 5,656,032;
5,649,910; 5,569,236; 5,545,139; 5,531,683; 5,514,090;
5,484,415; 5,484,410; 5,468,226; 5,433,709; 5,419,771;
5,411,480; 5,385,546; 5,385,545; 5,374,256; 5,372,578;
5,354,278; 5,336,188; 5,336,180; 5,334,197; 5,330,426;
5,328,464; 5,314,405; 5,279,558; 5,267,957; 5,263,940;
5,236,418; 5,205,820; 5,122,116; and 5,019,047, all as-
signed to Science Inc. of Bloomington, Minnesota, at
least some of which devices and methods may be mod-
ified advantageously in accordance with the teachings
of the present invention and the patch, module or other
such device described hereinabove.
[0104] Referring now to Figure 8, communication mod-
ule 100 is illustrated as being capable of communicating
with one or a plurality of IMDs 10, 10’ or 10". As discussed
above, those IMDs are most preferably capable of com-
municating wirelessly or by other means (such as through
interconnecting leads or electrical conductors) with one
another. See, for example, U.S. Patent No. 4,886,064 to
Strandberg which describes devices that may be readily
adapted in conformance with the immediately foregoing
embodiments of the present invention. Figure 8 also
shows that in some embodiments of the present invention
remote system 130 may comprise a remote expert or
other type of system and/or data center 131, and may
further comprise data resource system 112. We refer now
to Figures 9A and 9B, where flow charts for two methods
of the present invention relating to patient-initiated com-
munication between IMD 10 and/or communication mod-
ule 100/mobile telephone or PDA 110 and various com-
ponents of remote system 130 via communication sys-
tem 120 are illustrated. It is contemplated in Figures 9A
and 9B that a PDA, PDA-capable mobile telephone or
PDA-type device be optionally employed, either as a re-
placement for mobile telephone 110, in addition to mobile
telephone 110 or as part of mobile telephone 110.
[0105] In Figure 9A, patient 5 at step 201 determines
or desires that medical attention should be provided or
is required. Such a determination or desire may be based
on physiological events which patient 5 or others in his
company sense, or may be based merely upon the pa-
tient’s feeling or desire that his health status or the per-
formance status of his IMD 10 ought to be checked. At
step 203, patient 5 initiates upload of data from IMD 10
to communication module 100 by pressing an appropri-
ate button or portion of communication module 100, or
issuing an appropriate voice command to same. IMD 10
and communication module 100 then communicate with
one another and the data are uploaded. Alternatively,
step 203 may be skipped if the desired data have already
been uploaded by communication module 100 and are
now stored in memory/storage medium 105.
[0106] Next, at step 207 the data are transferred from
communication module to mobile telephone or PDA 110,
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and thence on to remote system 130 via communication
system 120. At step 209, remote health care provider
136, remote computer system 131 and/or 131’, and/or a
remote expert computer system evaluate, review and an-
alyze the data. In step 211, diagnosis of the patient’s
condition (and/or that of IMD 10, communication module
100, and/or mobile telephone or PDA 110) is made by
one or more of remote health care provider 136, remote
computer system 131 and/or 131’, and/or a remote expert
computer system.
[0107] At step 213, any one or more of remote health
care provider 136, remote computer system 131 and/or
131’, and/or a remote expert computer system deter-
mines, on the basis of the analysis, whether patient 5,
communication module 100, mobile telephone or PDA
110 and/or IMD 10 require further attention, correction
or intervention. If the analysis reveals that patient 5, com-
munication module 100, mobile telephone or PDA 110
and/or IMD 10 is functioning normally within acceptable
limits, patient 5 may be so notified via communication
system 120, mobile phone 110 and a visual display or
audio signal emitted by communication module 100 (or
mobile phone or PDA 110). If, on the other hand, the
analysis reveals that a problem exists in respect of any
one or more of IMD 10, communication module 100, mo-
bile telephone or PDA 110, and/or patient 5, then remote
system 130 and/or health care provider 136 determines
an appropriate remedial response to the problem, such
as changing the operating parameters of IMD 10, com-
munication module 100 and/or mobile telephone or PDA
110, delivering a therapy to the patient (e.g., a pacing,
cardioverting or defibrillating therapy, or administration
of a drug or other beneficial agent to patient 5), or in-
structing patient 5 by audio, visual or other means to do
something such as lie down, go to the hospital, call an
ambulance, take a medication, or push a button.
[0108] The remedial response or therapy determined
in step 217 is next executed at step 219 by remote health
care provider 136 or remote system 130 and relayed at
step 221 via communication system 120 to communica-
tion module 100 and/or IMD 10 via mobile phone or PDA
110. After the remedial response or therapy has been
delivered, at step 225 communication module and/or mo-
bile telephone 110 may send a confirmatory message to
remote system 130 and/or remote care giver 136 indi-
cating that the remedial response or therapy has been
delivered to patient 5 and/or IMD 10. Communication
module 100 and/or mobile telephone or PDA 110 may
also store data concerning the patient-initiated chain of
events described above so that the data may be later
retrieved, analyzed, and/or a future therapy determined
at least partially on the basis of such data. Such data
may also be stored by remote data system 130 for later
retrieval, analysis and/or future therapy determination.
[0109] It is to be noted that all steps illustrated in Figure
9A need not be carried out to fall within the scope of the
present invention. Indeed, it is contemplated in the
present invention that some steps illustrated in Figure 9A

may be eliminated or not carried out, that steps illustrated
in Figure 9A may be carried out in an order different from
that shown in Figure 9A, that steps other than those ex-
plicitly illustrated in the Figures may be inserted, and that
steps illustrated in different Figures set forth herein (i.e.,
Figures 9B, 9C, 10A, 10B, 11A, 11B, 12a, 12B, 12C, 13A
and 13B) may be combined in various combinations and
permutations, and nevertheless fall within the scope of
certain embodiments of the present invention. The same
considerations hold true for all flow charts and methods
illustrated in the drawings hereof and described herein.
In Figure 9B, some of the same steps shown in Figure
9A are executed. Invoice generation steps 229 may be
automatically generated in conjunction with or in re-
sponse to one or more of steps 201, 207, 213A, 213B,
217, 225 or 227 being carried out. The invoices so gen-
erated may be electronically transmitted to appropriate
locations for further processing and billing. The amounts
of the invoices so generated may depend, for example,
on the number, type and/or frequency of services provid-
ed to patient, the type or identification indicia stored in
communication module 100 or IMD 10, and other factors.
Figure 9C shows another method of the present invention
related to the methods illustrated in Figures 9A and 9B.
In Figure 9C patient 5 determines that medical attention
is required or desirable. Steps 203 and 205 are equivalent
to those described above in respect of Figures 9A and
9B. At step 206a, uploaded data from IMD 10 or data
previously uploaded from IMD 10 stored in communica-
tion module 100 and/or mobile telephone or PDA 110 are
compared to pre-programmed or stored data and/or data
ranges to help establish whether the uploaded data fall
within a safe range.
[0110] If the comparison of data reveals that the up-
loaded data fall into a safe range, then patient 5 is so
alerted at step 227. If the comparison of data reveals that
the uploaded data do not fall within the safe range rep-
resented by the pre-programmed or stored data, then
steps 213, 217 and 219 illustrated in Figures 9A and/or
9B are carried out. Patient 5 or patient 5’s health care
provider or insurer may be billed for the request for med-
ical attention made at step 201 or any or all of steps 229.
[0111] When a diagnostic assessment, remedial re-
sponse or therapy is executed and relayed to IMD 10,
communication module 100 and/or mobile telephone or
PDA 110, charges may be billed to patient 5 or patient
5’s health care provider or insurer at a fixed rate or at a
rate proportional to the amount of time required to relay
or execute the assessment, response or therapy, or at a
rate which depends upon the particular type of informa-
tion, assessment, remedial response or therapy being
delivered to patient 5. Other steps shown in Figure 9C
may also be carried out, such as having prescription
drugs mailed to patient 5 and billed to an insurance com-
pany or reimbursement authority at steps 217/231 in re-
sponse to receiving appropriate and timely authorization
from patient 5, remote health care provider 136 and/or
an insurer, placing patient 5 on periodic surveillance for
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a fee and/or requesting that patient 5 authorize charges
for such surveillance at steps 217/231, determining pa-
tient 5 should be taken to the emergency unit of a hospital,
ordering an ambulance for patient 5 and billing charges
for the ambulance service to the appropriate entity at
steps 217/229, and determining at step 217 that the op-
erating parameters of IMD 10, communication module
100 and/or mobile phone or PDA 110 need to or should
be updated or changed, followed by requesting at step
231 that patient 5, health care provider 136 or an insurer
confirm acceptance of charges for such parameter up-
dates or changes before or at the same time as they are
implemented. In other methods of the present invention,
it is contemplated that pre-paid telephone or other mag-
netic cards be used in conjunction with communication
module 100 and/or mobile telephone or PDA 110 as a
means of authorizing the provision of services, medica-
tions, prescriptions and information. Such pre-paid cards
could be employed in conjunction with telephone service
providers and their billing and invoicing systems. Refer-
ring briefly to Figures 6A through 6C, and by way of ex-
ample only, when telephone/PDA 110 establishes com-
munication via communication system 120, the tele-
phone service provider involved in carrying out at least
some of the functions of communication system 120 can
keep track of and calculate charges made using pre-paid
cards by a particular patient 5. The amount of charges
billed against a pre-paid card could be made dependent
on the complexity of the procedures and services which
are initiated by patient 5, IMD 10 and/or communication
module 100/mobile telephone or PDA 110. For example,
a routine check of the battery state of charge of IMD 10
could cost a low number of magnetic impulses stored on
the pre-paid card, while an instruction to deliver a tach-
ycardia intervention originating from remote system 130
could cost a high number of magnetic impulses stored
on the pre-paid card. Additionally, the communication
system of the present invention can be configured to store
and tally bonus points for patient 5, where the number of
bonus points stored for patient 5 depends, for example,
on the number of transactions patient 5 has engaged in
or initiated using the methods, systems or devices of the
present invention. For example, if a pharmaceutical com-
pany conducting a clinical trial or study involving IMD 10
and/or a prescription drug manufactured by the company
that is being used in the study wishes to purchase data
from patient 5 or patient 5’s IMD 10, communication mod-
ule 100 and/or mobile telephone or PDA 110, and patient
5 authorizes such purchase, patient 5’s pre-paid card
could be credited with a number of extra magnetic pulses
or extra bonus points could be stored in his behalf, by,
for example, a telephone service provider. At some point
patient 5 can receive a cash or other reimbursement ac-
cording to the total number of bonus points he has accu-
mulated. It is important to note that the billing inquiry,
acceptance, authorization and confirmation steps illus-
trated in the various Figures hereof or described herein
may include communications with and determinations

made by an insurer having access to at least portions of
the various communication networks described herein.
Additionally, it is important to point out that it is contem-
plated in the present invention that a telephone service
provider can be involved in the automated invoicing and
billing methods of the present invention, and that patient
5 and/or remote system 130 and/or remote health care
provider 136 be involved or be permitted to be involved
in the service request initiation, remedial action determi-
nation and execution, and billing inquiry, acceptance, au-
thorization and confirmation steps illustrated in the vari-
ous Figures hereof and described herein.
[0112] Thus, it will now become apparent that one im-
portant aspect of the various embodiments of the present
invention is automated and streamlined billing and in-
voicing methods that increase patient empowerment,
lower health care costs and result in the delivery of more
customized and timely therapies and remedial actions to
patient 5. For example, if in any of Figures 9A through
9C patient 5 caries out step 201 by, e.g., pressing an
appropriate button, a screen or display on communica-
tion module 100 and/or mobile phone or PDA 110, one
or more messages could be displayed to patient 5 such
as: "Your heart rate is OK", "You are not in atrial fibrilla-
tion", "Call the hospital Immediately", or "Go to Hospital".
[0113] Inquiries made by patient 5, communication
module 100, IMD 10, mobile phone or PDA 110, remote
health care provider 136 or remote system 130, and the
invoices generated in response to those inquiries being
made, may be separated into three main categories:

(i) patient visible inquiries, where the patient confirms
the inquiry he wishes to make, an invoice is gener-
ated automatically, and the invoice is logged;
(ii) patient relayed inquiries, where the patient is re-
quested to carry out an action such as taking a med-
ication or confirming that he wishes to receive a ther-
apy before an invoice is generated automatically and
the invoice is logged;
(iii) patient invisible inquiries, where IMD 10, com-
munication module 100, mobile phone or PDA 110,
remote system 130 or remote health care provider
136 initiates communication for patient monitoring,
clinical study monitoring, therapeutic, clinical out-
come study or other purposes to thereby minimize
unnecessary patient-physician or patient-hospital in-
teraction.

[0114] Phone or PDA 110 and/or communication mod-
ule 100 could be provided at no up-front cost to patient
5. Once patient 5 activates or requests a service using
phone or PDA 110 and/or communication module 100,
the bills for services incurred subsequently or simultane-
ously could be charged through a telephone company
operating in a business alliance with remote health care
provider 136. Such automated billing methods and health
care delivery services have the potential to reduce overall
health care costs and improve the timely and efficient
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delivery of therapies and remedial responses to patient
5 because remote health care provider 136 would be
monitoring the health status of patient 5 and/or delivering
therapies to patient 5 without the involvement of expen-
sive institutions such as hospitals or clinics. Accordingly,
the methods and procedures of some embodiments of
the present invention could deduces the number of un-
necessary emergency room visits or physician consulta-
tions made by patient 5.
[0115] Automated invoicing may also be carried out at
the opposite end of the system of the present invention,
such as at remote health are provider 136 or physician
135, such that when remote health care provider 136
and/or physician 135 requests delivery of information or
a therapy to patient 5, an invoice is automatically gener-
ated and is billed, for example, through a telephone com-
pany or to an insurance company or reimbursement au-
thority.
[0116] Review and authorization of government reim-
bursements for services charges incurred as a result of
using the various systems and methods of the present
invention could also be automated. Reimbursement
costs, patient identities and other data associated with
reimbursement could be tracked and centralized very ef-
ficiently and easily using the methods of the present in-
vention. IMD 10, mobile phone or PDA 110 an/or com-
munication module 100 could have a patient identity code
stored therein for transmittal to remote system 130. Such
a code could be employed at remote system 130 or else-
where to verify the identity of patient 5 or the type or
model of IMD 10, communication module 100 and/or mo-
bile phone or PDA 110, and receipt of such a code could
be employed as a precondition to receiving information,
remedial action or a therapy from remote system 130.
[0117] In other billing methods of the present invention,
a server located at remote health care provider 136 con-
tacts patient 5 via mobile phone or PDA 110 and inquires
whether patient 5 would like to receive a therapy, reme-
dial action or information from remote system 30 and/or
health care provider 136 or another source, the provision
of which will result in patient 5 or an insurance company
being billed. Patient 5 must confirm he wishes to receive
such information, remedial action or therapy before de-
livery of same. Insurance company or reimbursement au-
thority authorization could be included in such a method
as a prerequisite to receiving the information, remedial
action or therapy. In one method of the present invention,
remote system or server 130 automatically contacts pa-
tient 5 according to a predetermined schedule, upon re-
ceiving instructions to do so from another source (e.g.,
a physician, or a data mining project which results in de-
tecting a trend or symptom characterizing patient 5 and
other like individuals), or in response to receiving infor-
mation relayed to remote system 130 as a result of IMD
10 and/or communication module 100/mobile phone or
110 initiating communication with remote system 130 in
response to detecting a condition in patient 5 or his en-
virons that requires monitoring of patient 5, analysis of

data from patient 5 or the execution of remedial action.
[0118] In another method of the present invention, pa-
tient 5 or her insurance company leases or rents module
100 and/or mobile phone or PDA 110 on a daily, weekly,
monthly, quarterly, annual or other basis. In such a meth-
od, module 100 and/or mobile phone or PDA 110 are
leased or rented for the period of time required to monitor
IMD 10 implanted in patient 5, deliver remedial action or
therapy to patient 5 via IMD 10 and/or another medical
device, or acquire data from IMD 10 and/or communica-
tion module 100/mobile phone or PDA 110. For example,
patient 5 may be a terminally or seriously ill patient who
is not expected to survive longer than a period of months
or weeks, where economic considerations or reimburse-
ment policies might otherwise dictate that one or more
of the various systems or methods of the present inven-
tion not be employed to treat or monitor patient 5 because
of prohibitively high costs. Once patient 5 becomes well
again or dies, module 100 and/or mobile phone or PDA
110 may be used to treat or monitor other patients, there-
by lowering patient, insurance, reimbursement, hospital,
physician costs while improving the quality and type of
care administered to patient 5.
[0119] In another method of the present invention, IMD
10 may be provided to and implanted within patient 5 and
be capable of effecting rather broad features and func-
tionalities that may be selectively and remotely activated
or de-activated under the control of remote system 130
communicating with IMD 10 via communication system
120 and mobile phone or PDA 110 and/or communication
module 100. In such a method, it is contemplated that
perhaps only certain of the available features of IMD 10
may be required to treat and/or monitor patient 5, and
that only certain or all of those features may be selected
initially by a physician. Subsequently, and most prefera-
bly after data have been acquired by IMD 10 and trans-
ferred therefrom to remote system 130 using the com-
munication system of the present invention or in re-
sponse to information provided or inquiries made by pa-
tient 5, physician 135, remote health care provider 136
and/or remote system 130, certain of the features or func-
tionalities possessed by IMD 10 may be terminated or
activated.
[0120] For example, it may be determined that IMD 10
has not been optimally programmed for a particular pa-
tient 5 once sufficient data have been acquired and eval-
uated remotely at system 130. New IMD or updated pa-
tient specific operating parameters can then be down-
loaded to IMD 10, and/or IMD functionalities or features
can be enabled or disabled in IMD 10. According to such
a method, IMD 10 and/or communication module
100/mobile phone or PDA 110 may be provided initially
to patient 5 with a minimum number of features or func-
tionalities, and therefore sold at the lowest possible initial
cost. After an initial trial operation period during which
data are collected from IMD 10 and/or communication
module 100/mobile phone or PDA 110, or during which
feedback is elicited from patient 5 and/or physician 135,
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it may be desirable to update or change the functionality
of IMD 10 so as to offer more advanced therapy or mon-
itoring capabilities to patient 5 via IMD 10. Once such
updates or changes are implemented in IMD 10 a new
invoice is generated reflecting the incremental cost of
adding the new capabilities or features to IMD 10 and/or
communication module 100/mobile phone or PDA 110.
[0121] In accordance with such methods of the present
invention, patients 5 may in some cases be able to leave
the hospital earlier than might otherwise be possible be-
cause of the built-in remote monitoring and adaptability
capabilities of the system of the present invention. Addi-
tionally, the invoices generated in accordance with the
various methods of the present invention could result in
smaller payments being made over longer periods of
time, thereby further lowering overall health care costs
while at the same time improving the quality and type of
care provided to patients 5.
[0122] It will now become clear that an almost infinite
number of combinations and permutations of the various
steps of the invoicing methods of the present invention
may be conceived of and implemented in accordance
with the teachings of the present invention. For example,
at or after step 217 in any of Figures 9A, 9B and 9C a
report may be generated at remote system 130 or at com-
munication module 100 and/or mobile telephone or PDA
110. Or remote system 130 or remote health care pro-
vider 136 may, in response to receiving a request for
medical attention from patient 5, IMD 10 and/or commu-
nication module 100/mobile telephone or PDA 110, con-
tact a physician or specialist indicated in a database of
remote system 130 as being patient 5’s emergency con-
tact to request that the physician or specialist review data
or reports provided by the system of the present invention
and subsequently adjust the operating parameters of
IMD 10. Or IMD 10 may be re-programmed with new
software or algorithms in response to review and analysis
of information obtained remotely from IMD 10. Or invoic-
es, reports, confirmations of billing, confirmations of ther-
apy delivery, and so on generated by the various methods
of the present invention may be automatically transmitted
in a pre-programmed or predetermined manner to insur-
ance companies, reimbursement authorities, hospitals,
physicians, patients, health care professionals or other
persons or institutions via fax, e-mail, postal service, ex-
press mail, voice mail, SMA or other known communica-
tion means.
[0123] The methods and devices of the present inven-
tion could also permit the process of obtaining patient
consents to the release of medical information to be
streamlined. For example, patient 5 could be interrogated
on an as-required basis via mobile phone or PDA 110 to
provide confirmation that the data or information that has
been acquired, is being acquired, or will be acquired from
or relating to him may be released to certain entities or
personnel, such as insurance companies, clinical study
managers, physicians, nurses, hospitals and govern-
mental or academic institutions. A log of the patient’s

responses to such inquiries could be maintained in the
memory or storage of communication module 100 or re-
mote system 130.
[0124] As mentioned briefly above, the various meth-
ods and devices of the present invention may also be
configured and adapted to more efficiently and cost-ef-
fectively administer clinical monitoring studies and clini-
cal outcome studies. In accordance with one embodi-
ment of the present invention, IMDs implanted in patients
5 and/or corresponding communication modules 100 or
mobile phones or PDAs 110, where patients 5 are par-
ticipating in clinical outcome studies and/or clinical mon-
itoring studies, are interrogated for data required or de-
sired for purposes of completing such studies. Devices
10, 100 and/or 110 are remotely interrogated using re-
mote system 130 and communication system 120. Pa-
tients 5 are remotely interrogated for the required data
on an as-required basis, or according to a predetermined
schedule, either automatically or under the direct or in-
direct control of remote health care provider 136. Accord-
ing to this method of the present invention, there is no
need for patients having to go to clinics or hospitals to
have data uploaded from their IMDs so that data required
for the studies may be acquired. Accordingly, patient,
clinical study and overall health care costs are reduced,
while the rate at which such studies may be completed,
and the scope, amount and types of clinical data which
may be acquired using such methods, are increased.
[0125] We refer now to Figures 10A and 10B, where
flow charts for two methods of the present invention re-
lating to device-initiated communication between IMD 10
and/or communication module 100/mobile telephone or
PDA 110 and various components of remote system 130
via communication system 120 are illustrated. It is con-
templated in Figures 10A and 10B that a PDA, PDA-ca-
pable mobile telephone or PDA-type device be optionally
employed, either as a replacement for mobile telephone
110, in addition to mobile telephone 110 or as part of
mobile telephone 110.
[0126] In Figure 10A, IMD 10 and/or communication
module 100 and/or mobile telephone or PDA 110 at step
301 senses a threshold event, a predetermined time ar-
rives, or makes a determination that medical attention or
information should be provided or is required. Such a
threshold sensing event, predetermined time or determi-
nation may be based, for example, on physiological
events sensed in patient 5, a predetermined schedule or
calculations made by IMD 10 and/or communication
module and/or mobile telephone or PDA 110 using data
sensed or provided by IMD 10.
[0127] At step 303, IMD 10 and/or communication
module 100 and/or mobile telephone or PDA 110 auto-
matically initiates the upload of data from IMD 10 to com-
munication module 100 and/or mobile telephone or PDA
110. IMD 10 and communication module 100 then com-
municate with one another and the data are uploaded.
Alternatively, step 303 may be skipped if the required
data have already been uploaded into communication
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module 100 and/or mobile telephone or PDA 110 and
are now stored in memory/storage medium 105.
[0128] Next, at step 307, the data are automatically
transferred from communication module 100 to mobile
telephone or PDA 110, if required, and thence on to re-
mote system 130 via communication system 120. At step
309, remote health care provider 136, remote computer
system 131 and/or 131’, and/or a remote expert computer
system evaluate, review and analyze the data. In step
311, diagnosis of the patient’s condition (and/or that of
IMD 10, communication module 100, and/or mobile tel-
ephone or PDA 110) is made by one or more of remote
health care provider 136, remote computer system 131
and/or 131’, and/or a remote expert computer system.
[0129] At step 313, any one or more of remote health
care provider 136, remote computer system 131 and/or
131’, and/or a remote expert computer system deter-
mines, on the basis of the analysis, whether patient 5,
communication module 100, mobile telephone or PDA
110 and/or IMD 10 require further attention, correction
or intervention. If the analysis reveals that patient 5, com-
munication module 100, mobile telephone or PDA 110
and/or IMD 10 is functioning normally within acceptable
limits, IMD 10 and/or communication module 100 and/or
mobile telephone or PDA 110, or patient 5, may be so
notified via communication system 120, mobile phone
110, and a visual display or audio signal may be emitted
by communication module 100 (or mobile phone or PDA
110). If, on the other hand, the analysis reveals that a
problem exists in respect of any one or more of IMD 10,
communication module 100, mobile telephone or PDA
110, and/or patient 5, then remote system 130 and/or
health care provider 136 determines an appropriate re-
medial response to the problem, such as changing the
operating parameters of IMD 10, communication module
100 and/or mobile telephone or PDA 110, delivering a
therapy to the patient (e.g., a pacing, cardioverting or
defibrillating therapy, or administration of a drug or other
beneficial agent to patient 5), or instructing patient 5 by
audio, visual or other means to do something such as lie
down, go to the hospital, call an ambulance, take a med-
ication, or push a button.
[0130] The remedial response or therapy determined
in step 317 is next executed at step 319 by remote health
care provider 136 or remote system 130 and relayed at
step 321 via communication system 120 to communica-
tion module 100 and/or IMD 10 via mobile phone or PDA
110. After the remedial response or therapy has been
delivered, at step 325 communication module and/or mo-
bile telephone or PDA 110 may send a confirmatory mes-
sage to remote system 130 and/or remote care giver 136
indicating that the remedial response or therapy has been
delivered to patient 5 and/or IMD 10.
[0131] Communication module 100 and/or mobile tel-
ephone or PDA 110 may also store data concerning the
patient-initiated chain of events described above so that
the data may be later retrieved, analyzed, and/or a future
therapy determined at least partially on the basis of such

data. Such data may also be stored by remote data sys-
tem 130 for later retrieval, analysis and/or future therapy
determination.
[0132] It is to be noted that all steps illustrated in Figure
10A need not be carried out to fall within the scope of the
present invention. Indeed, it is contemplated in the
present invention that some steps illustrated in Figure
10A may be eliminated or not carried out, that steps il-
lustrated in Figure 10A may be carried out in an order
different from that shown in Figure 10A, that steps other
than those explicitly illustrated in the Figures may be in-
serted, and that steps illustrated in different Figures set
forth herein (i.e., Figures 9A, 9B, 9C, 10B, 11A, 11B, 12a,
12B, 12C, 13A and 13B) may be combined in various
combinations and permutations, and nevertheless fall
within the scope of certain embodiments of the present
invention. The same considerations hold true for all flow
charts and methods illustrated in the drawings hereof and
described herein.
[0133] In Figure 10B, some of the same steps shown
in Figure 10A are executed. Invoice generation steps 229
may be automatically generated in conjunction with or in
response to one or more of steps 301, 307, 311, 313A,
313B, 317, 325 or 327 being carried out. The invoices
so generated may be electronically transmitted to appro-
priate locations for further processing and billing. The
amounts of the invoices so generated may depend, for
example, on the number, type and/or frequency of serv-
ices provided to patient, the type or identification indicia
stored in communication module 100 or IMD 10, and oth-
er factors. We refer now to Figures 11A and 11B, where
flow charts for two methods of the present invention re-
lating to remote system 130 and/or remote health care
provider 136 (which may include or even be limited to
physician 135) initiated communication between IMD 10
and/or communication module 100 and/or mobile tele-
phone or PDA 110 and various components of remote
system 130 via mobile telephone or PDA 110 are illus-
trated. It is contemplated in Figures 11A and 11B that a
PDA, PDA-capable mobile telephone or PDA-type de-
vice be optionally employed, either as a replacement for
mobile telephone 110, in addition to mobile telephone
110 or as part of mobile telephone 110.
[0134] In Figure 11A, remote system 130 and/or re-
mote health care provider 136 determines that medical
attention or information should be provided to patient 5
or is required by patient 5. A determination that such at-
tention or information should be provided may be based
on data or information previously relayed to remote sys-
tem 130 or remote health care provider 136 by IMD 10
and/or communication module 100 and/or mobile tele-
phone which is subsequently analyzed to determine if a
remedial response is required or desirable, information
contained in or generated by remote system 130 or an
outside source of information (such as patient data mon-
itoring intervals suggested or formulated by the manu-
facturer of IMD 10), or the action of health care provider
136. At step 403, remote system 130 and/or remote
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health care provider 136 initiates upload of data from IMD
10 to communication module 100 and/or mobile tele-
phone or PDA 110 via communication system 120. IMD
10 and communication module 100 then communicate
with one another and the data are uploaded. Alternative-
ly, step 403 may be skipped if the desired data have
already been uploaded by communication module 100
and/or mobile telephone or PDA 110 and are now stored
in memory/storage medium 105. Next, at step 407, the
data are transferred from communication module to mo-
bile telephone or PDA 110, and thence on to remote sys-
tem 130 via communication system 120. At step 409,
remote health care provider 136, remote computer sys-
tem 131 and/or 131’, and/or a remote expert computer
system evaluate, review and analyze the data.
[0135] At step 411, diagnosis of the patient’s condition
(and/or that of IMD 10, communication module 100,
and/or mobile telephone or PDA 110) is made by one or
more of remote health care provider 136, remote com-
puter system 131 and/or 131’, and/or a remote expert
computer system. At step 413, any one or more of remote
health care provider 136, remote computer system 131
and/or 131’, and/or a remote expert computer system
determines, on the basis of the analysis, whether patient
5, communication module 100, mobile telephone or PDA
110 and/or IMD 10 require further attention, correction
or intervention.
[0136] If the analysis reveals that patient 5, communi-
cation module 100, mobile telephone or PDA 110 and/or
IMD 10 is functioning normally within acceptable limits,
patient 5 may be so notified via communication system
120, mobile phone 110 and a visual display or audio sig-
nal emitted by communication module 100 (or mobile
phone or PDA 110). If, on the other hand, the analysis
reveals that a problem exists in respect of any one or
more of IMD 10, communication module 100, mobile tel-
ephone or PDA 110, and/or patient 5, then remote system
130 and/or health care provider 136 determines an ap-
propriate remedial response to the problem, such as
changing the operating parameters of IMD 10, commu-
nication module 100 and/or mobile telephone or PDA
110, delivering a therapy to the patient (e.g., a pacing,
cardioverting or defibrillating therapy, or administration
of a drug or other beneficial agent to patient 5), or in-
structing patient 5 by audio, visual or other means to do
something such as lie down, go to the hospital, call an
ambulance, take a medication, or push a button.
[0137] The remedial response or therapy determined
in step 417 is next executed at step 419 by remote health
care provider 136 or remote system 130 and relayed at
step 421 via communication system 120 to communica-
tion module 100 and/or IMD 10 via mobile phone or PDA
110. After the remedial response or therapy has been
delivered, at step 425 communication module and/or mo-
bile telephone 110 may send a confirmatory message to
remote system 130 and/or remote care giver 136 indi-
cating that the remedial response or therapy has been
delivered to patient 5 and/or IMD 10. Communication

module 100 and/or mobile telephone or PDA 110 may
also store data concerning the patient-initiated chain of
events described above so that the data may be later
retrieved, analyzed, and/or a future therapy determined
at least partially on the basis of such data. Such data
may also be stored by remote data system 130 for later
retrieval, analysis and/or future therapy determination.
[0138] It is to be noted that all steps illustrated in Figure
11A need not be carried out to fall within the scope of the
present invention. Indeed, it is contemplated in the
present invention that some steps illustrated in Figure
11A may be eliminated or not carried out, that steps il-
lustrated in Figure 11A may be carried out in an order
different from that shown in Figure 11A, that steps other
than those explicitly illustrated in the Figures may be in-
serted, and that steps illustrated in different Figures set
forth herein (i.e., Figures 9A, 9B, 9C, 10A, 10B, 11B, 12a,
12B, 12C, 13A and 13B) be combined in various combi-
nations and permutations, and nevertheless fall within
the scope of certain embodiments of the present inven-
tion. The same considerations hold true for all flow charts
and methods illustrated in the drawings hereof and de-
scribed herein. In Figure 11B, some of the same steps
shown in Figure 11A are executed. Invoice generation
steps 429 may be automatically generated in conjunction
with or in response to one or more of steps 401, 407,
413A, 413B, 417, 423 or 427 being carried out. The in-
voices so generated may be electronically transmitted to
appropriate locations for further processing and billing.
The amounts of the invoices so generated may depend,
for example, on the number, type and/or frequency of
services provided to patient, the type or identification in-
dicia stored in communication module 100 or IMD 10,
and other factors.
[0139] In the methods illustrated in Figures 11A and
11B it is further contemplated that IMD 10 be remotely
interrogated by remote system or server 130 that auto-
matically communicates with IMD 10 via communication
module 100 and/or mobile telephone or PDA 110, and
that data from IMD 10 and/or communication module 100
and/or mobile telephone or PDA 110 be retrieved there-
from automatically.
[0140] Figure 12A shows one embodiment of commu-
nication module 100, mobile telephone or PDA 110, com-
munication system 120, and remote computer system
130 of the present invention, where remote computer
system 130 comprises remote expert system 131 and
data resource system 112. Here, communication module
100 includes configuration database 114, which further
comprises software database 116 and hardware data-
base 118. Patient interface module 115 and manage-
ment module 122 may also be contained in communica-
tion module 100. Those systems preferably form high
level software systems that may be remotely or otherwise
upgraded as the need arises through the action and
downlinking of software from remote computer system
130, or alternatively through on-site software upgrading.
[0141] Referring now to Figures 12A, 12B and 12C to-
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gether, remote expert data center 131 is most preferably
a web-based data resources and expert system. Accord-
ingly, data resource system 112 is a sub-component of
remote data center 131. Data resource system 112 may
comprise communication manager management
module124 (which preferably controls and optimizes bi-
directional data communications between mobile tele-
phone or PDA 110 and communication module 100), pro-
grammer configuration database 126, released software
database 128 and rule set database 133. Those data-
bases and module may be employed to store software
upgrades, which in turn may be transmitted to mobile
telephone or PDA 110 and communication module 100
and/or IMD 10 via one or a combination of the various
communication channels described above.
[0142] It is preferred that remote system 130 and data
resource system 112 comprise a high speed computer
network system, and that remote system 130, remote
expert data center 131 and communication system 130
be capable of bi-directional data, voice and video com-
munications with communication module 100 via any of
the various communications links discussed herein-
above (or combinations thereof). Remote system 130
and/or data resource system 112 are preferably located
in a central location, equipped with one or more high-
speed web-based computer networks, and manned 24-
hours-a-day by remote health care providers 136, phy-
sicians 135, operators 136 and/or clinical personnel 136
specially trained to provide web-based remote clinical,
diagnostic, and/or software services to patient 5, com-
munication module 100 and/or IMD 10.
[0143] Continuing to refer to Figures 12A, 12B and
12C, communication module configuration database 126
may include information and data specifying both the
hardware configuration and the software applications or
programs installed in various communication modules
100, mobile telephones or PDAs 110, and/or IMDs 10
located anywhere in the world. For example, communi-
cation module configuration database 126 may contain
information such as the amount of RAM contained in a
particular communication module 100 and/or IMD 10, or
the particular set of communication protocols and sys-
tems that may be employed to communicate with, re-
program or upgrade the software contained in a particular
communication module 100, mobile telephone or PDA
110, and/or IMD 10. Depending upon the amount of RAM
residing in communication module 100, mobile telephone
or PDA 110, and/or IMD 10, for example, it may be re-
quired that a given software application be modified prior
to installation to ensure compatibility between communi-
cation module 100, mobile telephone or PDA 110, and/or
IMD 10 and the software application that is to be installed.
Manager module 124 then executes such software mod-
ifications prior to software installation.
[0144] It is preferred that release software database
128 be a software database which includes all current
software applications or programs developed and con-
figured for various communication modules 100 and/or

IMDs 10. It is also preferred that rule set database 133
be a database containing information and data related
to specific rules and regulations regarding various soft-
ware applications for communication module 100 and/or
IMD 10. For example, rule set database 133 may contain
information concerning whether a particular software ap-
plication may or may not be released and installed in an
IMD 10 implanted within a patient 5 located in a particular
country, or whether a software application may or may
not be installed due to a lack of approval by a governing
body (such as an governmental agency or regulatory
branch). Rule set database 133 may also contain infor-
mation concerning whether the manufacturer, owner, li-
censee or licensor of a software application has approved
installation of the software application into communica-
tion module 100 and/or IMD 10. Referring now to Figures
12B and 12C, an operator located at, near or remote from
remote computer system 130 may interrogate one or
more communication modules 100, mobile telephones
or PDAs 110, and/or IMDs 10, or may pre-program an
interrogation schedule for one or more communication
modules 100, mobile telephones or PDAs 110, and/or
IMDs 10 to be interrogated, by remote system 130 via
communication system 120 for any of a variety of rea-
sons. For example, it may be desired to retrieve clinical
or diagnostic data or information from many IMDs 10 of
a similar type and transfer such information to remote
system 130 and/or data resource system 112 for storage
or later evaluation in a clinical study. Alternatively, it may
be desired to retrieve diagnostic or performance data
from IMD 10 and/or communication module 100 on an
as-required or basis or according to a pre-determined
schedule.
[0145] In a preferred embodiment of the present inven-
tion, and regardless of the purpose for which communi-
cation module 100 and/or IMD 10 is connected with or
interrogated by remote system 130, remote system 130
and/or data resource system 112 may be configured to
automatically review the various hardware configurations
and software applications contained in communication
module 100 and/or IMD 10. Updated software applica-
tions may therefore be installed automatically, if available
and approved for installation in a particular communica-
tion module 100 and/or IMD 10. In some cases, such
software installation may be a byte level update to soft-
ware already residing in the communication module 100
and/or IMD 10. In other cases, such software installation
may comprise replacing an outdated software application
with a new application. In one method of the present in-
vention, remote health care provider 136 is presented
with the choice of whether or not to proceed with the
installation of new software applications. Remote health
care provider 136 may also disable or defer installation
of new or updated software if communication module 100
is detected as communicating with IMD 10. Such a safety
feature helps prevent interference with communications
between communication module 100 and IMD 10.
[0146] Accordingly, in some embodiments of the
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present invention there are provided methods and proc-
esses by which remote system 130, acting through com-
munication system 120, mobile telephone or PDA 110
and/or communication module 100, may monitor the
health of patient 5, the performance and operation of IMD
10, and further debug, update and program IMD 10, most
preferably through the use of a web-based globally dis-
tributed smart system. As shown in Figure 12B, and in
accordance with the teachings set forth hereinabove, in-
voices may be generated at various points in the methods
of the present invention illustrated in Figures 12B and
12C.
[0147] Some embodiments of the present invention
may transmit automated software updates from an expert
data center to globally distributed IMDs 10 implanted in
patients 5, most preferably through a web-based com-
munication system 120. Remote system 130 comprising
a globally accessible expert data center may be config-
ured to serve individual ambulatory patients having IMDs
10 implanted within them who are located anywhere in
the world where mobile telephone coverage is provided.
This feature of the present invention provides significant
benefits to patients. Moreover, the Internet compatible,
preferably web-based expert data center may be imple-
mented to upgrade, update, correct and modify the op-
erational and functional software of communication mod-
ule 100, which in turn may upgrade the IMD 10 by down-
loading thereto the required software applications or up-
dates.
[0148] We refer now to Figures 13A and 13B, where
flow charts for two methods of the present invention re-
lating to emergency-initiated communication between
IMD 10 and/or communication module 100/mobile tele-
phone or PDA 110 and various components of remote
system 130 via communicaton system 120 are illustrated.
It is contemplated in Figures 13A and 13B that a PDA,
PDA-capable mobile telephone or PDA-type device be
optionally employed, either as a replacement for mobile
telephone 110, in addition to mobile telephone 110 or as
part of mobile telephone 110.
[0149] In Figure 13A, patient 5, IMD 10 and/or com-
munication module 100/mobile telephone or PDA 110 at
step 501 determines or desires that emergency medical
attention should be provided or is required. Such a de-
termination or desire may be based on physiological
events which patient 5 or others in his company sense,
may be based upon the patient’s feeling or desire that
his health status or the performance status of his IMD 10
ought to be checked immediately, or upon physiological
events sensed in patient 5 by IMD 10.
[0150] At step 503, patient 5, device 10 and/or com-
munication module 100 or mobile telephone or PDA 110
initiates upload of data from IMD 10 to communication
module 100. IMD 10 and communication module 100
then communicate with one another and the data are
uploaded. Alternatively, step 503 may be skipped if the
desired data have already been uploaded by communi-
cation module 100 and are now stored in memory/stor-

age medium 105.
[0151] Next, at step 507, the data are transferred from
communication module to mobile telephone or PDA 110,
and thence on to remote system 130 via communication
system 120. At step 509, remote health care provider
136, remote computer system 131 and/or 131’, and/or a
remote expert computer system evaluate, review and an-
alyze the data. In step 511, diagnosis of the patient’s
condition (and/or that of IMD 10, communication module
100, and/or mobile telephone or PDA 110) is made by
one or more of remote health care provider 136, remote
computer system 131 and/or 131’, and/or a remote expert
computer system.
[0152] At step 513, any one or more of remote health
care provider 136, remote computer system 131 and/or
131’, and/or a remote expert computer system deter-
mines, on the basis of the analysis, whether patient 5,
communication module 100, mobile telephone or PDA
110 and/or IMD 10 require further attention, correction
or intervention. If the analysis reveals that patient 5, com-
munication module 100, mobile telephone or PDA 110
and/or IMD 10 is or are functioning normally within ac-
ceptable limits, patient 5, IMD 10 and/or communication
module 100/mobile telephone or PDA 110 may be so
notified via communication system 120, mobile phone
110 such as by, for example, a visual display or audio
signal emitted by communication module 100 (or mobile
phone or PDA 110). If, on the other hand, the analysis
reveals that a problem exists in respect of any one or
more of IMD 10, communication module 100, mobile tel-
ephone or PDA 110, and/or patient 5, then remote system
130 and/or health care provider 136 determines an ap-
propriate remedial response to the problem, such as
changing the operating parameters of IMD 10, commu-
nication module 100 and/or mobile telephone or PDA
110, delivering a therapy to the patient (e.g., a pacing,
cardioverting or defibrillating therapy, or administration
of a drug or other beneficial agent to patient 5), or in-
structing patient 5 by audio, visual or other means to do
something such as lie down, go to the hospital, call an
ambulance, take a medication, or push a button.
[0153] The remedial response or therapy determined
in step 517 is next executed at step 519 by remote health
care provider 136 or remote system 130 and relayed at
step 521 via communication system 120 to communica-
tion module 100 and/or IMD 10 via mobile phone or PDA
110. After the remedial response or therapy has been
delivered, at step 525 communication module and/or mo-
bile telephone 110 may send a confirmatory message to
remote system 130 and/or remote care giver 136 indi-
cating that the remedial response or therapy has been
delivered to patient 5 and/or IMD 10. Communication
module 100 and/or mobile telephone or PDA 110 may
also store data concerning the patient-initiated chain of
events described above so that the data may be later
retrieved, analyzed, and/or a future therapy determined
at least partially on the basis of such data. Such data
may also be stored by remote data system 130 for later
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retrieval, analysis and/or future therapy determination.
[0154] It is to be noted that all steps illustrated in Figure
13A need not be carried out to fall within the scope of the
present invention. Indeed, it is contemplated in the
present invention that some steps illustrated in Figure
13A may be eliminated or not carried out, that steps il-
lustrated in Figure 13A may be carried out in an order
different from that shown in Figure 13A, that steps other
than those explicitly illustrated in the Figures may be in-
serted, and that steps illustrated in different Figures set
forth herein (i.e., Figures 9A, 9B, 9C, 10A, 10B, 11A,
11B, 12a, 12B, 12C and 13B) be combined in various
combinations and permutations, and nevertheless fall
within the scope of certain embodiments of the present
invention. The same considerations hold true for all flow
charts and methods illustrated in the drawings hereof and
described herein.
[0155] In Figure 13B, some of the same steps shown
in Figure 13A are executed. Invoice generation steps 529
may be automatically generated in conjunction with or in
response to one or more of steps 501, 504, 507, 513A,
513B, 517, 523 or 527 being carried out. The invoices
so generated may be electronically transmitted to appro-
priate locations for further processing and billing. The
amounts of the invoices so generated may depend, for
example, on the number, type and/or frequency of serv-
ices provided to patient, the type or identification indicia
stored in communication module 100 or IMD 10, and oth-
er factors. In the methods illustrated in Figures 13A and
13B it is further contemplated that the patient be alerted
by audio or visual means that no emergency treatment
of her condition is required if an erroneous or unneces-
sary request for emergency treatment is initiated by pa-
tient 5, that communication module 100 and/or mobile
telephone or PDA 110 alert patient 5 through audio or
visual means that the patient is required to take a partic-
ular action such as pressing an appropriate button or
calling an ambulance when an emergency health condi-
tion has been detected, and that communication module
100 and/or mobile telephone or PDA 110 dial 911 when
an emergency health condition has been detected. In the
devices and methods illustrated in the various Figures
hereof, it is further contemplated that a prescription table
particular to patient 5 be stored in IMD 10, communication
module 100, mobile telephone or PDA 110, and/or re-
mote system 130 that may be quicldy and readily read,
activated or deactivated, implemented or updated; that
a remote health care provider 136 may prescribe an initial
therapy, drug dosage or drug prescription regime or
range for patient 5 that may later be adjusted, repro-
grammed or changed remotely after data acquired in IMD
have been remotely analyzed; that a remote health care
provider 136 or remote system 130 may track the history
of the programming of IMD 10 and archive data retrieved
from IMD 10; that a remote health care provider 136 or
remote system 130 may also track the history of the pro-
gramming of device IMD, create corresponding patient
history files, and sell same to physicians, insurance com-

panies and/or reimbursement authorities; and that a pa-
tient’s condition be monitored and followed remotely such
as, by way of example only, checking the minute venti-
lation status of a patient in an ALS disease clinical where
the progression of ALS disease is being monitored re-
motely.
[0156] FIG. 14A illustrates an example system 600 for
providing continuous, real-time communication of phys-
iological data received from IMD 10 to remote system
130. In the exemplary embodiment, communication mod-
ule 100 described above includes a telemetry transceiver
(TT) 602 that is electronically coupled to a general inter-
face unit (GIU) 604. Telemetry transceiver 602 commu-
nicates with IMD 10 according to one of a number of
wireless communication techniques, such as the use of
radio-frequency communication signals. As described
above, telemetry transceiver 602 may receive physiolog-
ical data from IMD 10. Furthermore, by way of similar
communications, telemetry transceiver 602 may transmit
control signals to IMD 10 in response to communications
received from remote system 130. GIU 604, as described
in detail below, maintains real-time, continuous commu-
nications with remote system 130 via one or more com-
munication channels. More specifically, GIU 604 contin-
uously detects available channels for communicating
with remote system 130, and establishes communication
sessions using one or more of the detected channels.
GIU 604 may select one or more of the detected com-
munication channels based on a variety of criteria includ-
ing the nature of the data received from IMD, the reliability
of each detected channel, the speed of each detected
channel, the cost for using each detected channel, and
the like.
[0157] As one example, GIU 604 may sense the avail-
ability of mobile telephone 110 via link 107, and whether
cellular communications 613 may be established be-
tween mobile telephone 110 and base station 609. Cel-
lular communications 613 may take the form of any one
of a number of conventional wireless communication
techniques. One common technique is code division mul-
tiple access (CDMA) in which multiple communications
are simultaneously conducted over a radio-frequency
(RF) spectrum. Other examples include Global System
for Mobile Communications (GSM), which uses narrow-
band time-division multiple access for communicating
data, and General Packet Radio Service (GPRS). Base
station controller (BSC) 612 provides an interface be-
tween base station 609 and the public switched tele-
phone network (PSTN) 610 for routing the data to remote
system 130 via network 608.
[0158] As another example, GIU 604 may sense the
availability of data communication equipment (DCE) 604.
In particular, GIU 604 attempts to establish a communi-
cation session 605 with DCE 606 that, as described in
detail below, is located near patient 5 using a short-range
wireless communication protocol. As noted above, one
proposed and widely implemented standard, commonly
referred to as Bluetooth, uses short-range radio technol-
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ogy and is primarily aimed at small-form factor, low-cost
portable devices. Other standards include IEEE 802.11,
which is designed for wireless networking within higher
density areas such as an office environment. A third
standard, HomeRF, is designed for wireless communi-
cations between devices and appliances within a home.
DCE 606 may be located, for example, within a home or
office of patient 5, and may provide one or more wired
communication channels for communicating with remote
system 130 via network 608. For example, DCE 606 may
provide a wired telephonic connection 607 to PSTN 610
for routing the communication to remote system 130 via
network 608. Connection 607 may, for example, com-
prises a modem for maintaining a dial-up connection us-
ing an analog phone line, and may provide relatively low-
cost, low-speed access to network 608. Alternatively, or
in addition, connection 607 may comprise a higher-speed
communication channel to PSTN 610, such as an inte-
grated services digital network (ISDN), a direct subscrib-
er line (DSL), or the like.
[0159] In addition, DCE 606 may provide a high-speed
connection 611 directly to network 608. For example,
DCE 606 may make use of cable, optical, or other high-
speed access medium for directly coupling GIU 604 to
network 608. Accordingly, DCE 606 may include an Eth-
ernet interface for receiving an Ethernet cable, a coaxial
connector for receiving a cable line, and the like. DCE
606 may include routing functionality to support multiple
patients 5, and may include firewall and other security
applications to prevent unauthorized access of GIU 604.
[0160] Furthermore, GIU 604 may sense the availabil-
ity of a wireless access point (AP) 614 for accessing a
local network 616, such as a local area network of an
enterprise. In particular, GIU 604 may attempt to estab-
lish a communication session 615 with AP 614 located
relatively near patient 5 using a wireless networking pro-
tocol. For example, GIU may attempt to establish com-
munication session 615 using the IEEE 802.11a protocol,
the IEEE 802.11b protocol, and the like, which are indus-
try standard protocols for wireless LAN (WLAN) technol-
ogy. In an 802.11b network, for example, two or more
wireless nodes or stations establish communications in
the 2.4 Gigahertz (GHz) frequency band. Many 802.11b
networks contain at least one access point 614 that in-
terfaces wireless and wired LANs. Example access
points that are becoming prevalent are 3Com AirConnect
11Mbps Wireless LAN Access Point, Lucent ORiNOCO
AP-1000 11mbps Wireless Access Point, Cisco Aironet
4800 Access Point, and the Linksys Instant Wireless Net-
work Access Point.
[0161] Local network 616 may be directly coupled to
network 608 via a high-speed link 617, such as a T1 or
a T3 data link. In this manner, GIU 604 may establish
communications with access point 614 to form a high-
speed communication session with remote system 130
via local network 616 and network 608.
[0162] Telemetry transceiver 602 and GIU 604 may be
separate components, as illustrated, or may be contained

within a common housing. Furthermore, telemetry trans-
ceiver 602 and GIU 604 may be fixed to an article of
clothing of patient 5, such as belt 601, or may be integrally
woven in whole or part within the article of clothing. In
particular, GIU 604 may comprise one or more integrated
electronic components packaged into a user-friendly
housing fixed on belt 601. However, both telemetry trans-
ceiver 602 and GIU 604 could be fitted into an article of
clothing, such as an undergarment. For example, elec-
tronic circuits and connecting wires may be sewn into the
article of clothing. Alternatively, or in addition, flex elec-
tronics could further integrate the functions into the article
of clothing. Conductive, semi-conductive, or optical fabric
strands may be used as a basis for coupling components
or implementing the circuitry.
[0163] FIG. 14B is a block diagram illustrating GIU 604
in direct wireless communication with multiple IMDs 10A,
10B implanted within the body of patient 5. In particular,
GIU 604 includes a routing module to route packets or
other forms of data between IMDs 10 and remote system
130 (not shown) as described above. GIU 604 and each
IMD 10 may be assigned a unique identifier, such as a
local or global address according to the Internet Protocol
(IP). For example, GIU 604 may be assigned a global
address, and each of the implanted devices may be as-
signed a local network address. GIU 604 may employ a
network address translation (NAT) module to facilitate
communications between the IMDs 10 and remote sys-
tem 130. GIU 604 may further include firewall and other
security modules to prevent unauthorized access of GIU
604 and the implanted devices. IMD 10A could be an
implanted pacemaker/cardioverter/defibrillator, for ex-
ample, whereas IMD 10B could be an implanted drug
delivery device.
[0164] FIG. 14C is a block diagram illustrating GIU 604
coupled to an implantable HUB 619 for communicating
with IMDs 10A, 10B implanted within patient 5. HUB 619
includes a number of ports for coupling IMDs 10 and GIU
604. HUB 619 may comprise a passive hub that serves
as a conduit for communicating data between GIU 604
and IMDs 10. Alternatively, HUB 618 may comprise an
"intelligent" hub that includes additional features, e.g., a
packet monitoring. In this embodiment, HUB 619 may
include an embedded routing module, firewall module,
or both.
[0165] FIG. 15 is a block diagram further illustrating
the ability of GIU 604 to provide seamless communication
between patient 5 and remote system 110. In particular,
FIG. 15 illustrates the capabilities of GIU 604 in automat-
ically sensing and establishing communication channels
as the patient 5 travels to and from a variety of locations,
such as an office, an airport, a vehicle, and a home.
[0166] For example, while patient 5 is located within
his or her home or office, GIU 604 may sense a DCE 606
using a short-range wireless protocol as described
above. While patient 5 is in transit, such as traveling in
a car, a bus, a train, and the like, GIU 604 may make use
of mobile telephone 110 to provide a cellular communi-
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cation channel for communication with remote system
130. While within certain enterprises, such as airports,
hotels, office buildings, and the like, GIU 604 may access
a local network 616 by a wireless access point 614.
[0167] As described in detail below, as patient 5 trav-
els, GIU 604 continuously detects available channels for
communicating with remote system 130, establishes
communications sessions according to the detected
channels, and seamlessly switches between channels
to maintain continuous communications with system 130.
GIU 604 may select one or more of the detected com-
munication channels based on a variety of criteria includ-
ing, the nature of the data received from IMD, the relia-
bility of each detected channel, the speed of each de-
tected channel, the cost for using each detected channel,
and the like. Furthermore, GIU may establish a plurality
of communications sessions for purposes of redundancy,
and to aid the seamless transition between channels. For
example, GIU 604 may sense and maintain a primary
communication channel, and one or more backup com-
munication channels.
[0168] FIG. 16 is a block diagram illustrating an exam-
ple embodiment of the general interface unit (GIU) 604.
Processor 632 controls the operation of GIU 604 by ex-
ecuting instructions stored within memory 646. Proces-
sor 632 may take one of a variety of forms including an
embedded microprocessor, an embedded controller, a
digital signal processor (DSP), and the like. Memory 646
may comprise any computer-readable medium suitable
for storing instructions such as random access memory
(RAM), read-only memory (ROM), non-volatile random
access memory (NVRAM), electrically erasable pro-
grammable read-only memory (EEPROM), flash memo-
ry, a miniaturized hard drive having a magnetic medium,
and the like.
[0169] Input / Output (I/O) 630 provides interface ports
for communicating with telemetry transceiver 602, key-
pad 648, and display 650. Keypad 648 provides input
mechanisms for receiving input from a user, such as pa-
tient 5 or a clinician. Display 650 provides a mechanism
for presenting information to the user, and may comprise
a low-power liquid crystal display (LCD). In one embod-
iment, GIU may be implantable and, therefore, need not
include keypad 648 or display 650.
[0170] In addition, I/O 630 provides an interface to
wireless transceiver 644 for receiving and transmitting
radio frequency signals via antenna 645. In particular,
processor 632 may make use wireless transceiver 644
for communicating with DCE 606 or access point (AP)
614 according to wireless communication protocols,
such as Bluetooth or 802.11 as described above.
[0171] In one embodiment, GIU 604 maintains channel
information 634 and service information 636 to aid in
seamlessly establishing and switching between commu-
nication channels to convey physiological data to remote
system 130. As described above, the nature of IMD 10
can play a significant role in channel selection. In general,
state of the art implantable devices comprise a hetero-

geneous set of devices all having specific communication
requirements inherent to the nature of the device and the
current physiological events sensed or actions taken.
Current devices with self-contained functionality, i.e., au-
tonomous functionality, may completely differ from slave
devices controlled from a host, which may be implantable
or remote.
[0172] For instance, communicating programming pa-
rameters from remote system 130 to an implantable
pacemaker or an implantable diagnostic device may re-
quire the transfer of a moderate amount of data at very
high level of reliability, but may not require real-time trans-
mission. On the other hand, uplink of intra cardiac elec-
trogram data to remote system 130 from such a device
will require a fast communication channel that, depend-
ing on the exact application, may require have real-time
performance. In this situation, it may be possible to re-
duce channel reliability since data redundancy and error
correction may allow remote system 130 to recover any
dropped data.
[0173] These type of devices may have completely dif-
ferent optimal communication channel requirements
compared to an implantable device that is remotely con-
trolled, e.g., a button pacer, which requires a reliable and
accurate, i.e., real-time, communication channel to carry
a trigger signal. As another example, an implanted smart
sensor transponder may require a channel of relatively
low transmission speed that depends on the dynamics
of the measured parameter.
[0174] Accordingly, these examples indicate that
channel requirements for implantable devices can be het-
erogeneous in the sense that different devices place dif-
ferent demands on GIU 604 in channel selection. Accord-
ingly, GIU 604 makes use of channel information 634 to
facilitate automatic selection of the a communication
channel having optimal, or sufficient, channel character-
istics. In particular, channel information 634 includes pre-
programmed data that describes the communication
channels generally available to patient 5, such as chan-
nels provided by DCEs 606 located at a home or office,
channels available via mobile telephone 110, previously
sensed access points 614 at an airport, office building,
or the like. For each channel, the data may describe
transmission speed, reliability, including error correction
and data redundancy that may be available, real-time
behavior, topology, such as one-to-many, one-to-one,
and sequential, Quality of Service (QoS) functionality for
the reservation of communication resources, such as an
allocation of bandwidth to support a required transfer
rate, and the like. As described in further detail below,
GIU 604 senses available channels, and selects at least
one of the communication channels based on a number
of criteria, including channel information 634.
[0175] GIU 604 also makes use of service information
636 that, in general, processor 632 uses to regulate and
control access to IMD 10. Service information 636 may
be organized as encrypted pass codes that are matched
against codes received from remote system 130. If a
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match is detected, GIU 604 parses service information
636 and extracts data for regulating access to IMD 10.
[0176] Regulation of remote access includes handling
and ensuring security, privacy and robustness of the sys-
tem. In terms of security and privacy, processor 632 uses
service information 636 to prevent the unauthorized mod-
ification of information and disruption of services, the un-
authorized collection, distribution and disclosure of infor-
mation. Accordingly, GIU 604 and remote system 130
interact to grants or deny access to information generat-
ed by IMD 10. For example, GIU 604 controls direct ac-
cess to IMD 10 in real-time based on service information
636. In this manner, GIU 604 controls a variety of actions
including remote programming of IMD 10, remote control
of IMD 10 acting as a slave device, interrogation of data
maintained within IMD 10, therapeutic actions, and the
like. Remote system 130 may control access to historical
data received from IMD 10 using similar information.
[0177] In terms of robustness, processor 632 uses
service information 636 in conjunction with channel in-
formation 634 to ensure continuous communication de-
spite the occurrence of communication faults or user han-
dling errors.
[0178] In addition, GIU 604 uses service information
636 for automated reimbursement control. For example,
service information 636 may describe a current subscrip-
tion status for remote service for patient 5. In other words,
service information 636 may indicate to what extent pa-
tient 5 has purchased remote diagnostic services from
remote system 130, including the level of service pur-
chased and an expiration date for the service. In one
embodiment, I/O 630 provides an interface to a card read-
er 638 capable of reading a service card 652. Processor
632 reads data from service card 652, and updates serv-
ice information 636 based on the data. Service card 652
may comprise, for example, service information for pre-
paid remote services offered by remote system 130. A
clinician may prescribe such service cards 652 for patient
5 during a visit to a health care facility. In addition, patient
5 may purchase service cards electronically by accessing
a website or other means provided by remote system
130.
[0179] Service card 652 may comprise a smart card,
which is a small electronic device about the size of a
credit card that contains electronic memory, and possibly
an embedded integrated circuit (IC). In this embodiment,
service card 652 may comprise a contact or a contactless
smart card. A contact smart card requires insertion into
card reader 638 with a direct connection to a conductive
micromodule on the surface of the card. These physical
contact points allows card reader and 638 and service
card 652 to communicate commands, data, and card sta-
tus.
[0180] A contactless card requires only close proximity
to card reader 638. In this embodiment, both card reader
638 and service card 652 have antenna for communica-
tion using low-power electromagnetic signals. Service
card 652 may derive power for driving the internal inte-

grated circuit from a field created by card reader 638.
[0181] FIG. 17 is a block diagram illustrating one ex-
emplary embodiment of service information 636 main-
tained by GIU 604. As described above, GIU 604 may
be preprogrammed with service information 636, and
may update service information 636 based on direction
from remote system 130 or data received from service
card 652.
[0182] In this embodiment, service information 636 in-
cludes subscription data 655 that describes the various
levels of remote services for which patient 5 has sub-
scribed. In particular, subscription data 655 includes:

EXPIRATION - This data defines expiration dates
for the various service levels and functions of GIU
604. In other words, expiration dates can be set for
different levels of service, and for different functions.
For example, remote service for emergency level
care may be set to never expire, while remote mon-
itoring of physiological data may be set to expire at
a future time, and may be reset remotely or via pre-
paid service card 652.
TIME OF ACCESS DATA - This data describes an
access profile for the services offered by remote sys-
tem 130, and may define each service as one-time,
periodic, continuous, and time-limited that has an
expiration period or date.
LEVEL OF ACCESS - This data describes a service
level, such as full service, or one or more pre-defined
subset of service level.
LEVEL OF PRIVACY - This data defines a current
mode for controlling access to the data, including by
name, by unique identifier such as a password or
digital certificate, and full access.
LEVEL OF SECURITY - This data defines a current
mode for securing the communication of the data,
including raw data, and encryption.
LEVEL OF AUTONOMY - This data defines a current
mode for GIU 604 to obtain approval prior to com-
municating data or responding to program parame-
ters or other instructions from remote system 130.
For example, the levels of autonomy may include:
no verification, patient verification, clinician verifica-
tion, or both patient and clinician verification.
WINDOW OF USE DATA - This data selectively en-
ables and disables functions that can be performed
by GIU 604 including communicating monitoring in-
formation to remote system 130, presenting diag-
nostic information from remote system 130 to patient
5, reprogramming of IMD 10, initiation of therapeutic
actions by IMD 10, and the like. Service information
636 further includes recipient data 656 that identifies
network addresses to which GIU 604 is authorized
to send physiological data received from IMD 10. For
example, the addresses may specify electronic mail
addresses, Internet Protocol (IP) addresses of serv-
ers, such as file transfer protocol (FTP) servers, and
the like. For each recipient, data 656 indicates
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whether the recipient is a primary recipient, or to be
used a backup recipient in the event a respective
primary recipient is unreachable.

[0183] Service information 636 includes reimburse-
ment data 657 that identifies network addresses for one
or more payors for purposes of automatically invoicing
for remote services rendered by remote system 130. Ex-
amples include network addresses for insurance provid-
ers. Again, the addresses may specify electronic mail
addresses, Internet Protocol (IP) addresses of servers,
such as file transfer protocol (FTP) servers, and the like.
In addition, reimbursement data may identify costs as-
sociated with various functions that can be performed by
GIU 604 including communicating monitoring information
to remote system 130, presenting diagnostic information
from remote system 130 to patient 5, initiation of thera-
peutic actions by IMD 10, and the like.
[0184] Service information 636 further includes ap-
proval data that identifies individuals, such as the patient
or one or more clinicians, or organizations from which
approval must be received prior to performing some ac-
tion, such as communicating physiological data to remote
system 130, responding to programming parameters or
other control information received form remote system
130, and the like. In one embodiment, approval data 658
identifies a list of network addresses from which confir-
mation is required. If confirmation is required from patient
5, GIU 604 presents a confirmation request via display
650, and receives confirmation via keypad 648. For other
network addresses, GIU 604 sends electronic messages
via network 608.
[0185] FIG. 18 is a block diagram illustrating an exem-
plary software architecture for GIU 604. In general, the
software architecture depicts a number of software mod-
ules for execution by processor 632. The software mod-
ules include one or more high-level software applications
662 that carryout the functionality described herein. Soft-
ware applications 662 make use of drivers 663 that pro-
vide interfaces to a wide variety of devices. Drivers 663
may make use of corresponding chipsets and other hard-
ware components incorporated within GIU 604.
[0186] For example, I/O drivers 678 may provide a
number of ports, such as serial, parallel, Inter-IC (IC2),
universal serial bus (USB), and the like. GIU 604 may
make use of these ports to provide a wired interface to
telemetry transceiver 602, or any other local device, such
as a sensor.
[0187] Driver 672 supports a 802.11 wireless commu-
nication protocol, such as 802.11 a or 802.11b. Similarly,
driver 670 supports RF communications according to the
Bluetooth protocol. Driver 674 supports communication
according to the General Packet Radio Service (GPRS).
Driver 679 supports communication according to the
code division multiple access (CDMA) protocol. Driver
668 supports the Global System for Mobile Communica-
tions (GSM) protocol. GIU 604 may make use of these
drivers to communicate with DCEs 606, and wireless net-

worked devices, such as access point 614. Other wire-
less protocols may readily be incorporated within GIU
604.
[0188] FIG. 19 is a block diagram illustrating an exam-
ple embodiment of data communication equipment
(DCE) 606. Processor 682 controls the operation of DCE
604 by executing instructions stored within memory 686.
Processor 682 may take one of a variety of forms includ-
ing an embedded microprocessor, an embedded control-
ler, a digital signal processor (DSP), and the like. Memory
686 may comprise any computer-readable medium suit-
able for storing instructions such as random access
memory (RAM), read-only memory (ROM), non-volatile
random access memory (NVRAM), electrically erasable
programmable read-only memory (EEPROM), flash
memory, a miniaturized hard drive having a magnetic
medium, and the like.
[0189] Input / Output (I/O) 680 provides interface ports
for communicating with keypad 688, and display 690.
Keypad 688 provides input mechanisms for receiving in-
put from a user, such as patient 5 or a clinician. Display
690 provides a mechanism for presenting information to
the user, and may comprise a low-power liquid crystal
display (LCD). In addition, I/O 680 provides an interface
to wireless transceiver 684 for receiving and transmitting
radio frequency signals via antenna 665. In particular,
processor 682 may make use wireless transceiver 684
for communicating with GIU 604 according to wireless
communication protocols, such as Bluetooth or 802.11
as described above.
[0190] Furthermore, I/O 680 provides an interface to
a modulator/demodulator (modem) chipset for commu-
nicating via a conventional wired telephone line to PSTN
610. Ethernet interface 692 provides an interface for ac-
cessing wired local networks, as may be provided by a
hub, router, cable modem, DSL modem, and the like.
[0191] FIG. 20A is a flowchart providing a high-level
overview of one mode of operation of GIU 604. Initially,
GIU 604 receives physiological data from IMD 10 (700).
GIU 604 analyzes the received data to determine the
nature of the data, and the type of service or care needed
by patient 5 (702). For example, GIU 604 may determine
whether an emergency condition exists, or whether data
is simply being logged, whether an alarm has expired for
a theraputic drug, and the like.
[0192] Next, GIU 604 searches for available commu-
nication channels, including the presence of local DCE
606, access point 614, and mobile telephone 110 (704).
For each channel, GIU 604 reads corresponding param-
eters from channel information 634 (706). For example,
GIU 604 may read transmission speed, reliability, includ-
ing error correction and data redundancy that may be
available, real-time behavior, topology, such as one-to-
many, one-to-one, and sequential, Quality of Service
(QoS) functionality for the reservation of communication
resources, such as an allocation of bandwidth to support
a required transfer rate, and the like.
[0193] Based on the level of care needed by patient 5,
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and the parameters read for each sensed channel from
channel information 634, GIU selects one of the available
channels (708). GIU 604 communicates the data to re-
mote 130 using the selected channel (710). It should be
noted that GIU 604 need not receive data from IMD 10
prior to establishing communication with remote system
130. For example, GIU 604 may continuously monitor for
available channels as patient 5 travels from location to
location, and may establish communication with remote
system 130 based on channel data for the sensed chan-
nels.
[0194] FIG. 20B is a block diagram providing a high-
level illustration of the channel selection process. In par-
ticular, IMD 10 and other devices, such as external de-
vices coupled to patient 5, make use of stored channel
information to select a communication channel.
[0195] FIG. 21 is a flowchart further illustrating the op-
eration of GIU 604 when transmitting the physiological
data. Initially, GIU 604 accesses recipient data 656 (FIG.
17) of service information 636 to determine a list of ad-
dresses for recipients (720). Next, GIU 604 accesses ap-
proval data 658 to identify a list of addresses for individ-
uals from which confirmation is required prior to sending
the data (722). If confirmation is required from the patient
5, GIU 604 presents a confirmation request via display
650, and receives confirmation via keypad 648. For other
individuals, GIU 604 sends electronic messages via net-
work 608.
[0196] If confirmation is not received (724), GIU 604
aborts the communication. Otherwise, GIU accesses
subscription data 655 to determine whether the patient
5 has paid for the required level of care from remote sys-
tem 130 (726). If so, GIU 604 establishes communication
via the selected channel and transmits the data (732).
[0197] Otherwise, GIU 604 may prompt patient 5 as to
whether he or she may wish to upgrade the current level
of service to encompass the required level of service
(728). If the patent 5 declines, then GIU aborts the com-
munication. Otherwise, GIU 604 modifies service infor-
mation 636 to reflect the upgraded service level (730).
During this process, GIU 604 may require that patient 5
provide a pre-paid service card 652 to purchase a sub-
scription to the upgraded level. Upon upgrading the serv-
ice information, GIU 604 establishes communication via
the selected channel and transmits the data (732).
[0198] FIGS. 22- 23 illustrate another flowchart depict-
ing a more detailed example operation of the GICT. Ini-
tially, GIU 604 receives a pass code from the user (800),
and processes the pass code to confirm and validate the
pass code (802). Initially, GIU 604 determines a list of
addresses for recipients (804), required services (806),
a list of addresses for individuals from which confirmation
is required prior to sending the data (808), and a list ad-
dresses for submitting reimbursement information (810).
GIU 604 determines whether the required services are
available and, if not, whether the user wishes to adapt
the level of service to the required service level (812).
GIU 604 then requests confirmation for the required level

of service based on the approval list and, if approval is
not obtained, determines whether the confirming party
approves an upgrade to the service (814). Finally, GIU
604 establishes communication via the selected channel
and transmits the data (816).
[0199] FIG. 24 is a high-level schematic diagram illus-
tration an example GIU 604 interacting with a service
card 652. In this embodiment, GIU 604 is attached to belt
601 worn by patient 5. Processor 632 reads data from
service card 652, and updates service information 636
based on the data. Service card 652 may comprise, for
example, service information for pre-paid remote servic-
es offered by remote system 130.
[0200] The invention is not limited to use in conjunction
with implanted defibrillators or pacemakers, but may be
practiced in conjunction with any suitable implantable
medical device including, but not limited to, an implant-
able nerve stimulator or muscle stimulator such as those
disclosed in U.S. Patent No. 5,199,428 to Obel et al.,
U.S. Patent No. 5,207,218 to Carpentier et al. and U.S.
Patent No. 5,330,507 to Schwartz, an implantable mon-
itoring device such as that disclosed in U.S. Patent No.
5,331,966 issued to Bennet et al., an implantable brain
stimulator, an implantable gastric system stimulator, an
implantable vagus nerve stimulator, an implantable lower
colon stimulator (e.g., in graciloplasty applications), an
implantable drug or beneficial agent dispenser or pump,
an implantable cardiac signal loop or any other type of
implantable recorder or monitor, an implantable gene
therapy delivery device, an implantable incontinence pre-
vention or monitoring device, or an implantable insulin
pump or monitoring device, and so on. Moreover, a wide
variety of communication methods, protocols and tech-
niques may be employed in various portions of the com-
munication systems of the present invention, including,
but not limited to, optical, electro-optical, magnetic, infra-
red, ultrasonic and hard-wired communication means.
[0201] Thus, the present invention is believed to find
wide application in almost any appropriately adapted im-
plantable medical device. Indeed, the present invention
may be practiced in conjunction with any suitable non-
implanted medical device, such as a Holter monitor, an
external EKG or ECG monitor, an external cardiac signal
loop recorder, an external blood pressure monitor, an
external blood glucose monitor, a temporary cardiac pac-
ing system having an external pulse generator, and the
like.
[0202] For example, the present invention includes
within its scope a system comprising an implantable med-
ical device capable of bi-directional communication with
a communication module located outside the patient, the
communication module in turn being capable of bi-direc-
tional communication with a remote system via a mobile
telephone, the system further comprising at least one
implantable or non-implantable device operably connect-
ed to, implanted within or associated with the patient, the
device being capable of bi-directional communication
with the communication module. In such a manner, mul-
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tiple physiologic signals, events or statuses of the patient
may be monitored or controlled remotely through the
communication module and the mobile telephone.
[0203] Although specific embodiments of the invention
are described here in some detail, it is to be understood
that those specific embodiments are presented for the
purpose of illustration, and are not to be taken as some-
how limiting the scope of the invention defined in the ap-
pended claims to those specific embodiments. It is also
to be understood that various alterations, substitutions,
and modifications may be made to the particular embod-
iments of the present invention described herein without
departing from the scope of the appended claims.

Claims

1. A method comprising:

receiving physiological data from a medical de-
vice implanted within a body of a patient;
identifying a plurality of available communica-
tion channels to communicate with a remote sys-
tem;
selecting at least one of the communication
channels; and
communicating the physiological data to the re-
mote system via the selected communication
channel; characterized in that selecting at
least one of the communication channels com-
prises:

selecting a primary communication channel
and a backup communication channel; and
communicating the physiological data to the
remote system using the backup channel in
the event the primary channel fails.

2. The method of claim 1, wherein communicating the
data comprises automatically establishing a commu-
nication session using the selected communication
channel.

3. The method of claim 1, wherein identifying a plurality
of available communication channels comprises
monitoring for short-range wireless devices, wireless
networking devices, and detecting a cellular mobile
telephone as the patient travels between locations.

4. The method of claim 1, further comprising determin-
ing a level of care needed for the patient based on
the physiological data received from the medical de-
vice, and wherein selecting one of the communica-
tion channels comprises selecting one of the com-
munication channels based on the determined level
of care.

5. The method of claim 4, wherein communicating the

physiological data comprises analyzing the physio-
logical data to identify a cardiac event.

6. The method of claim 5, wherein communicating the
physiological data comprises:

accessing subscription data stored within a gen-
eral interface unit to determine whether the pa-
tient has purchased remote service having a lev-
el of care necessary to service the identified
event; and
selectively communicating the data based on
the determination.

7. The method of claim 6, further comprising prompting
the patient to upgrade the subscription to cover the
level of care.

8. The method of claim 7, further comprising receiving
data from a pre-paid subscription card from the pa-
tient, and updating the subscription data based on
data received from the service card.

9. The method of claim 8, further comprising prescrib-
ing the service card for the patient during a visit to a
health care facility.

10. The method of claim 8, further comprising purchas-
ing the service card electronically by accessing a
website provided by a remote system.

11. The method of claim 1, wherein receiving physiolog-
ical data comprises receiving physiological data with
a general interface unit via a telemetric communica-
tion from the implanted medical device.

12. The method of claim 1, wherein identifying a plurality
of available communication channels comprises at-
tempting to establish a communication session be-
tween a general interface unit and a data communi-
cation equipment (DCE) using a local wireless com-
munication protocol.

13. The method of claim 12, wherein the local wireless
communication protocol comprises BlueTooth.

14. The method of claim 12, wherein identifying a plu-
rality of available communication channels compris-
es directing the DCE to establishing a communica-
tion with the remote system over a telephone line via
a modem.

15. The method of claim 1, wherein identifying a plurality
of available communication channels comprises us-
ing a wireless communication protocol to attempt to
establish a communication sessions between a gen-
eral interface unit and an access point coupled to a
wireless network.
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16. The method of claim 15, wherein the local wireless
communication protocol conform to at least one of
the IEEE 802.11a and IEEE 802.11b standards.

17. The method of claim 1, wherein identifying a plurality
of available communication channels comprises at-
tempting to establish a cellular communication ses-
sion between a general interface unit and a base
station using a mobile phone coupled to a general
interface unit.

18. The method of claim 1, wherein communicating the
physiological data comprises:

accessing recipient data stored within a general
interface unit to identify recipients authorized to
have access to the physiological data; and
communicating the physiological data to the au-
thorized recipients.

19. The method of claim 1, wherein communicating the
physiological data comprises:

accessing subscription data stored within a gen-
eral interface unit to determine whether the pa-
tient has purchased remote service; and
selectively communicating the data based on
the determination.

20. The method of claim 20, further comprising receiving
data from a pre-paid subscription card from the pa-
tient, and updating the subscription data based on
data.

21. The method of claim 19, wherein communicating the
physiological data comprises:

presenting requests for approval based on ap-
proval data stored within a general interface unit;
and
selectively communicating the physiological da-
ta based on response to the requests.

22. The method of claim 21, wherein the approval data
stores addresses for individuals from which approval
must be received, and presenting requests compris-
ing sending electronic messages to the individuals
requesting approval.

23. The method of claim 1, wherein selecting at least
one of the communication channels comprises:

accessing channel data stored within a general
interface unit to retrieve parameters for the avail-
able communication channels; and
selecting at least one of the channels based on
the parameters.

24. The method of claim 22, further comprising selecting
at least one of the channels based on costs of the
communication channels.

25. The method of claim 23, further comprising selecting
at least one of the channels based on reliability of
the communication channels.

26. The method of claim 23, further comprising selecting
at least one of the channels based on speed of the
communication channels.

27. An apparatus comprising:

input/output (I/O) circuitry to receive physiolog-
ical data from a medical device implanted within
a body of a patient;
a storage medium to store channel data that de-
fines parameters for a plurality of available com-
munication channels; and
a processor to select a primary communication
channel and a backup communication channel
from said available communication channels
based on the channel data, and to communicate
the physiological data to a remote system using
the backup channel in the event that the primary
channel fails.

28. The apparatus of claim 27, wherein the channel data
stores at least one of a cost, speed, reliability and
Quality of Service level for the communication chan-
nels.

29. The apparatus of claim 27, wherein the processor
analyzes the physiological data to determine a level
of care needed for the patient, and selects one of
the communication channels based on the deter-
mined level of care.

30. The apparatus of claim 27, further comprising:

a first software driver for establishing a commu-
nication channel with the remote system using
a short-range wireless device located near the
patient;
a second software deriver for establishing a
communication channel with the remote system
using longer-range wireless networking devic-
es; and
a third software driver for establishing a commu-
nication channel with the remote system using
a cellular mobile phone.

31. The apparatus of claim 27, wherein the processor
automatically switches between the software drivers
as the patient travels between locations.

32. The apparatus of claim 27, wherein the apparatus is
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woven into an article of clothing.

33. The apparatus of claim 32, wherein the article of
clothing comprises conductive, semi-conductive, or
optical strands coupling the processor and the cir-
cuitry.

Patentansprüche

1. Verfahren, das umfasst:

Empfangen physiologischer Daten von einer
medizinischen Vorrichtung, die in einem Körper
eines Patienten implantiert ist;
Identifizieren mehrerer verfügbarer Kommuni-
kationskanäle, um mit einem entfernten System
zu kommunizieren;
Auswählen wenigstens eines der Kommunika-
tionskanäle; und
Übermitteln der physiologischen Daten an das
entfernte System über den ausgewählten Kom-
munikationskanal; dadurch gekennzeichnet,
dass das Auswählen wenigstens eines der
Kommunikationskanäle umfasst:

Auswählen eines primären Kommunikati-
onskanals und eines Backup- bzw. Siche-
rungs-Kommunikationskanals; und
Übermitteln der physiologischen Daten an
das entfernte System unter Verwendung
des Sicherungskanals in dem Fall, in dem
der primäre Kanal fehlerhaft ist bzw. aus-
fällt.

2. Verfahren nach Anspruch 1, wobei das Übermitteln
der Daten das automatische Herstellen einer Kom-
munikationssitzung unter Verwendung des ausge-
wählten Kommunikationskanals umfasst.

3. Verfahren nach Anspruch 1, wobei das Identifizieren
mehrerer verfügbarer Kommunikationskanäle das
Überwachen auf drahtlose Vorrichtungen mit kurzer
Reichweite und auf drahtlose Netzvorrichtungen und
das Erfassen eines Zellen-Mobiltelephons bzw.
Handys umfasst, wenn sich der Patient zwischen Or-
ten bewegt.

4. Verfahren nach Anspruch 1, das ferner das Bestim-
men eines für einen Patienten notwendigen Pflege-
bzw. Fürsorgegrades anhand der von der medizini-
schen Vorrichtung empfangenen physiologischen
Daten umfasst, und wobei das Auswählen eines der
Kommunikationskanäle das Auswählen eines der
Kommunikationskanäle anhand des bestimmten
Fürsorgegrades umfasst.

5. Verfahren nach Anspruch 4, wobei das Übermitteln

der physiologischen Daten das Analysieren der phy-
siologischen Daten, um ein Herzereignis zu identifi-
zieren, umfasst.

6. Verfahren nach Anspruch 5, wobei das Übermitteln
der physiologischen Daten umfasst:

Zugreifen auf Teilnehmerdaten, die in einer all-
gemeinen Schnittstelleneinheit gespeichert
sind, um zu bestimmen, ob der Patient einen
Ferndienst mit einem Fürsorgegrad, der not-
wendig ist, um das identifizierte Ereignis zu be-
dienen, erworben hat; und
wahlweises Übermitteln der Daten anhand der
Bestimmung.

7. Verfahren nach Anspruch 6, das ferner das Auffor-
dern des Patienten, die Teilnahme aufzurüsten bzw.
upzugraden, um den Fürsorgegrad abzudecken,
umfasst.

8. Verfahren nach Anspruch 7, das ferner das Empfan-
gen von Daten von einer im Voraus bezahlten Teil-
nehmerkarte von dem Patienten und das Aktualisie-
ren der Teilnehmerdaten anhand der von der Ser-
vice- bzw. Dienstkarte empfangenen Daten umfasst.

9. Verfahren nach Anspruch 8, das ferner das Verord-
nen der Dienstkarte für den Patienten während eines
Besuchs in einem Gesundheitszentrum umfasst.

10. Verfahren nach Anspruch 8, das ferner das Kaufen
der Dienstkarte auf elektronische Weise durch Zu-
greifen auf eine von einem entfernten System be-
reitgestellte Website umfasst.

11. Verfahren nach Anspruch 1, wobei das Empfangen
physiologischer Daten das Empfangen physiologi-
scher Daten mit einer allgemeinen Schnittstellenein-
heit über eine telemetrische Kommunikation von der
implantierten medizinischen Vorrichtung umfasst.

12. Verfahren nach Anspruch 1, wobei das Identifizieren
mehrerer verfügbarer Kommunikationskanäle den
Versuch umfasst, eine Kommunikationssitzung zwi-
schen einer allgemeinen Schnittstelleneinheit und
einer Datenkommunikationsanlage (DCE) unter
Verwendung eines lokalen drahtlosen Kommunika-
tionsprotokolls herzustellen.

13. Verfahren nach Anspruch 12, wobei das lokale
drahtlose Kommunikationsprotokoll Bluetooth ent-
hält.

14. Verfahren nach Anspruch 12, wobei das Identifizie-
ren mehrerer verfügbarer Kommunikationskanäle
das Richten der DCE auf die Herstellung einer Kom-
munikation mit dem entfernten System über eine Te-
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lefonleitung mittels eines Modems umfasst.

15. Verfahren nach Anspruch 1, wobei das Identifizieren
mehrerer verfügbarer Kommunikationskanäle die
Verwendung eines drahtlosen Kommunikationspro-
tokolls umfasst, um zu versuchen, Kommunikations-
sitzungen zwischen einer allgemeinen Schnittstel-
leneinheit und einem mit einem drahtlosen Netz ge-
koppelten Zugriffspunkt herzustellen.

16. Verfahren nach Anspruch 15, wobei das lokale
drahtlose Kommunikationsprotokoll in Übereinstim-
mung mit der IEEE 802.11a-Norm und/oder der
IEEE 802.11b-Norm ist.

17. Verfahren nach Anspruch 1, wobei das Identifizieren
mehrerer verfügbarer Kommunikationskanäle den
Versuch umfasst, eine Zellenkommunikationssit-
zung zwischen einer allgemeinen Schnittstellenein-
heit und einer Basisstation unter Verwendung eines
mit einer allgemeinen Schnittstelleneinheit gekop-
pelten Mobiltelephons herzustellen.

18. Verfahren nach Anspruch 1, wobei das Übermitteln
der physiologischen Daten umfasst:

Zugreifen auf Empfängerdaten, die in einer all-
gemeinen Schnittstelleneinheit gespeichert
sind, um Empfänger zu identifizieren, die be-
rechtigt sind, auf die physiologischen Daten zu-
zugreifen; und
Übermitteln der physiologischen Daten an die
berechtigten Empfänger.

19. Verfahren nach Anspruch 1, wobei das Übermitteln
der physiologischen Daten umfasst:

Zugreifen auf Teilnehmerdaten, die in einer all-
gemeinen Schnittstelleneinheit gespeichert
sind, um zu bestimmen, ob der Patient einen
Ferndienst erworben hat; und
wahlweises Übermitteln der Daten anhand der
Bestimmung.

20. Verfahren nach Anspruch 20, das ferner das Emp-
fangen von Daten von einer im Voraus bezahlten
Teilnehmerkarte von dem Patienten und das Aktua-
lisieren der Teilnehmerdaten anhand von Daten um-
fasst.

21. Verfahren nach Anspruch 19, wobei das Übermitteln
der physiologischen Daten umfasst:

Darstellen von Anforderungen einer Genehmi-
gung anhand von Genehmigungsdaten, die in
einer allgemeinen Schnittstelleneinheit gespei-
chert sind; und
wahlweises Übermitteln der physiologischen

Daten anhand einer Antwort auf die Anforderun-
gen.

22. Verfahren nach Anspruch 21, wobei die Genehmi-
gungsdaten Adressen für Einzelpersonen, von de-
nen eine Genehmigung empfangen werden muss,
speichern und Anforderungen darstellen, die das
Senden elektronischer Nachrichten zu den eine Ge-
nehmigung anfordernden einzelnen Personen um-
fassen.

23. Verfahren nach Anspruch 1, wobei das Auswählen
wenigstens eines der Kommunikationskanäle um-
fasst:

Zugreifen auf Kanaldaten, die in einer allgemei-
nen Schnittstelleneinheit gespeichert sind, um
Parameter für die verfügbaren Kommunikati-
onskanäle wiederzugewinnen; und
Auswählen wenigstens eines der Kanäle an-
hand der Parameter.

24. Verfahren nach Anspruch 22, das ferner das Aus-
wählen wenigstens eines der Kanäle anhand von
Kosten der Kommunikationskanäle umfasst.

25. Verfahren nach Anspruch 23, das ferner das Aus-
wählen wenigstens eines der Kanäle anhand der Zu-
verlässigkeit der Kommunikationskanäle umfasst.

26. Verfahren nach Anspruch 23, das ferner das Aus-
wählen wenigstens eines der Kanäle anhand der Ge-
schwindigkeit der Kommunikationskanäle umfasst.

27. Vorrichtung, die enthält:

eine Eingangs/Ausgangs-Schaltungsanord-
nung (E/A-Schaltungsanordnung) zum Empfan-
gen physiologischer Daten von einer medizini-
schen Vorrichtung, die in einem Körper eines
Patienten implantiert ist;
ein Speichermedium zum Speichern von Kanal-
daten, die Parameter für mehrere verfügbare
Kommunikationskanäle definieren; und
einen Prozessor zum Auswählen eines primä-
ren Kommunikationskanals und eines Siche-
rungs-Kommunikationskanals aus den verfüg-
baren Kommunikationskanälen anhand der Ka-
naldaten und zum Übermitteln der physiologi-
schen Daten an ein entferntes System unter
Verwendung des Sicherungskanals, falls der
primäre Kanal fehlerhaft ist bzw. ausdfällt.

28. Vorrichtung nach Anspruch 27, wobei die Kanalda-
ten die Kosten und/oder die Geschwindigkeit und/
oder die Zuverlässigkeit und/oder das Dienstquali-
tätsniveau für die Kommunikationskanäle spei-
chern.
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29. Vorrichtung nach Anspruch 27, wobei der Prozessor
die physiologischen Daten analysiert, um einen für
den Patienten erforderlichen Fürsorgegrad zu be-
stimmen, und einen der Kommunikationskanäle an-
hand des bestimmten Fürsorgegrades auswählt.

30. Vorrichtung nach Anspruch 27, die ferner enthält:

einen ersten Software-Treiber zum Herstellen
eines Kommunikationskanals mit dem entfern-
ten System unter Verwendung einer drahtlosen
Vorrichtung mit kurzer Reichweite, die sich in
der Nähe des Patienten befindet;
einen zweiten Software-Treiber zum Herstellen
eines Kommunikationskanals mit dem entfern-
ten System unter Verwendung drahtloser Netz-
vorrichtungen mit längerer Reichweite; und
einen dritten Software-Treiber zum Herstellen
eines Kommunikationskanals mit dem entfern-
ten System unter Verwendung eines Zellen-Mo-
biltelephons bzw. Handys.

31. Vorrichtung nach Anspruch 27, wobei der Prozessor
automatisch zwischen den Software-Treibern um-
schaltet, wenn sich der Patient zwischen Orten be-
wegt.

32. Vorrichtung nach Anspruch 27, wobei die Vorrich-
tung in ein Kleidungsstück eingewebt ist.

33. Vorrichtung nach Anspruch 32, wobei das Klei-
dungsstück leitende, halbleitende oder optische
Drähte, die den Prozessor und die Schaltungsan-
ordnung miteinander verbinden, enthält.

Revendications

1. Procédé comportant les étapes consistant à :

recevoir des données physiologiques depuis un
dispositif médical implanté dans un corps d’un
patient ;
identifier une pluralité de voies de communica-
tion disponibles pour communiquer avec un sys-
tème distant ;
sélectionner au moins l’une des voies de
communication ; et
communiquer les données physiologiques au
système distant via la voie de communication
sélectionnée, caractérisé en ce que la sélec-
tion d’au moins l’une des voies de communica-
tion comporte les étapes consistant à :

sélectionner une voie de communication
principale et une voie de communication de
secours ; et
communiquer les données physiologiques

au système distant en utilisant la voie de
secours dans le cas où la voie principale est
défectueuse.

2. Procédé selon la revendication 1, dans lequel la
communication des données comporte l’établisse-
ment automatique d’une session de communication
en utilisant la voie de communication sélectionnée.

3. Procédé selon la revendication 1, dans lequel l’iden-
tification d’une pluralité de voies de communication
disponibles comporte le contrôle de dispositifs sans
fil de courte portée, dispositifs de gestion de réseau
sans fil, et la détection d’un téléphone mobile cellu-
laire lorsque le patient se déplace entre des lieux.

4. Procédé selon la revendication 1, comportant de
plus la détermination d’un niveau de soin nécessaire
pour le patient d’après les données physiologiques
reçues du dispositif médical, et dans lequel la sélec-
tion de l’une des voies de communication comporte
la sélection de l’une des voies de communication
d’après le niveau de soin déterminé.

5. Procédé selon la revendication 4, dans lequel la
communication des données physiologiques com-
porte l’analyse des données physiologiques pour
identifier un événement cardiaque.

6. Procédé selon la revendication 5, dans lequel la
communication des données physiologiques com-
porte les étapes consistant à :

accéder à des données d’abonnement mémo-
risées dans une unité d’interface générale pour
déterminer si le patient a acheté un service à
distance ayant un niveau de soin nécessaire
pour répondre à l’événement identifié ; et
communiquer sélectivement les données
d’après la détermination.

7. Procédé selon la revendication 6, comportant de
plus l’incitation du patient à actualiser l’abonnement
pour couvrir le niveau de soin.

8. Procédé selon la revendication 7, comportant de
plus la réception de données depuis une carte
d’abonnement prépayée de la part du patient, et la
mise à jour des données d’abonnement d’après des
données reçues de la carte de service.

9. Procédé selon la revendication 8, comportant de
plus la prescription de la carte de service du patient
durant une visite à un établissement de soin de san-
té.

10. Procédé selon la revendication 8, comportant de
plus l’achat de la carte de service électroniquement
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en accédant à un site Web fourni par un système
distant.

11. Procédé selon la revendication 1, dans lequel la ré-
ception de données physiologiques comporte la ré-
ception de données physiologiques à l’aide d’une
unité d’interface générale via une communication té-
lémétrique à partir du dispositif médical implanté.

12. Procédé selon la revendication 1, dans lequel l’iden-
tification d’une pluralité de voies de communication
disponibles comporte la tentative d’établir une ses-
sion de communication entre une unité d’interface
générale et un équipement de communication de
données (DCE) en utilisant un protocole de commu-
nication sans fil local.

13. Procédé selon la revendication 12, dans lequel le
protocole de communication sans fil local comporte
BlueTooth.

14. Procédé selon la revendication 12, dans lequel
l’identification d’une pluralité de voies de communi-
cation disponibles comporte l’étape consistant à or-
donner au DCE d’établir une communication avec le
système distant sur une ligne téléphonique via un
modem.

15. Procédé selon la revendication 1, dans lequel l’iden-
tification d’une pluralité de voies de communication
disponibles comporte l’utilisation d’un protocole de
communication sans fil pour tenter d’établir une ses-
sion de communication entre une unité d’interface
générale et un point d’accès couplé à un réseau sans
fil.

16. Procédé selon la revendication 15, dans lequel le
protocole de communication sans fil local est con-
forme à au moins l’une des normes IEEE 802.11a
et IEEE 802.11b.

17. Procédé selon la revendication 1, dans lequel l’iden-
tification d’une pluralité de voies de communication
disponibles comporte la tentative pour établir une
session de communication cellulaire entre une unité
d’interface générale et une station de base en utili-
sant un téléphone mobile couplé à une unité d’inter-
face générale.

18. Procédé selon la revendication 1, dans lequel la
communication des données physiologiques com-
porte les étapes consistant à :

accéder à des données de destinataire mémo-
risées dans une unité d’interface générale pour
identifier des destinataires autorisés à avoir ac-
cès aux données physiologiques ; et
communiquer les données physiologiques aux

destinataires autorisés.

19. Procédé selon la revendication 1, dans lequel la
communication des données physiologiques com-
porte les étapes consistant à :

accéder à des données d’abonnement mémo-
risées dans une unité d’interface générale pour
déterminer si le patient a acheté un service à
distance ; et
communiquer sélectivement les données
d’après la détermination.

20. Procédé selon la revendication 19, comportant de
plus la réception de données depuis une carte
d’abonnement prépayée de la part du patient, et la
mise à jour des données d’abonnement d’après les
données.

21. Procédé selon la revendication 19, dans lequel la
communication des données physiologiques
comporte :

la présentation de demandes d’agrément sur la
base de données d’agrément mémorisées dans
une unité d’interface générale ; et
la communication sélective des données phy-
siologiques sur la base d’une réponse aux de-
mandes.

22. Procédé selon la revendication 21, dans lequel les
données d’agrément mémorisent des adresses de
personnes de la part desquelles un agrément doit
être reçu, et la présentation de demandes compor-
tant l’envoi de messages électroniques aux person-
nes demandant l’agrément.

23. Procédé selon la revendication 1, dans lequel la sé-
lection d’au moins l’une des voies de communication
comporte :

l’accès à des données de voies mémorisées
dans une unité d’interface générale pour récu-
pérer des paramètres pour les voies de commu-
nication disponibles ; et
la sélection d’au moins l’une des voies d’après
les paramètres.

24. Procédé selon la revendication 22, comportant de
plus la sélection d’au moins l’une des voies sur la
base des coûts des voies de communication.

25. Procédé selon la revendication 23, comportant de
plus la sélection d’au moins l’une des voies sur la
base de la fiabilité des voies de communication.

26. Procédé selon la revendication 23, comportant de
plus la sélection d’au moins l’une des voies sur la
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base de la vitesse des voies de communication.

27. Dispositif comportant :

un circuit d’entrée/sortie pour recevoir des don-
nées physiologiques depuis un dispositif médi-
cal implanté dans un corps d’un patient ;
un support de mémorisation pour mémoriser
des données de voies qui définissent des para-
mètres pour une pluralité de voies de commu-
nication disponibles ; et
un processeur pour sélectionner une voie de
communication principale et une voie de com-
munication de secours parmi lesdites voies de
communication disponibles sur la base des don-
nées de voies, et pour communiquer les don-
nées physiologiques à un système distant en
utilisant la voie de secours dans le cas où la voie
principale est défectueuse.

28. Dispositif selon la revendication 27, dans lequel les
données de voies mémorisent au moins l’un parmi
le coût, la vitesse, la fiabilité et le niveau de Qualité
de Service des voies de communication.

29. Dispositif selon la revendication 27, dans lequel le
processeur analyse les données physiologiques
pour déterminer un niveau de soin nécessaire pour
le patient, et sélectionne l’une des voies de commu-
nication sur la base du niveau de soin déterminé.

30. Dispositif selon la revendication 27, comportant de
plus :

un premier gestionnaire logiciel pour établir une
voie de communication avec le système distant
en utilisant un dispositif sans fil de courte portée
se trouvant près du patient ;
un deuxième gestionnaire logiciel pour établir
une voie de communication avec le système dis-
tant en utilisant des dispositifs réseaux sans fil
de plus longue portée ; et
un troisième gestionnaire logiciel pour établir
une voie de communication avec le système dis-
tant en utilisant un téléphone mobile cellulaire.

31. Dispositif selon la revendication 27, dans lequel le
processeur commute automatiquement entre les
gestionnaires logiciels au fur et à mesure que le pa-
tient se déplace entre des lieux.

32. Dispositif selon la revendication 27, dans lequel le
dispositif est cousu dans un vêtement.

33. Dispositif selon la revendication 32, dans lequel le
vêtement comporte des mèches conductrices, semi-
conductrices ou optiques couplant le processeur et
le circuit.
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