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(57) ABSTRACT

A system for communicating with a medical device
implanted 1n an ambulatory patient and for locating the
patient 1n order to selectively monitor device function, alter
device operating parameters and modes and provide emer-
gency assistance to and communications with a patient. The
implanted device includes a telemetry transceiver for coms-
municating data and operating instructions between the
implanted device and an external patient communications
control device that 1s either worn by or located 1n proximity to
the patient within the implanted device tranceiving range. The
control device preferably includes a communication link with
a remote medical support network, a global positioning sat-
cllite receiver for recerving positioning data identifying the
global position of the control device, and a patient activated
link for permitting patient initiated personal communication
with the medical support network. A system controller in the
control device controls data and voice communications for
selectively transmitting patient initiated personal communi-
cations and global positioning data to the medical support
network, for mitiating telemetry out of data and operating,
commands from the implanted device and transmission of the
same to the medical support network, and for recerving and
initiating re-programming of the implanted device operating
modes and parameters in response to istructions recerved
from the medical support network. The communications link
between the medical support network and the patient com-
munications control device may comprise a world wide sat-
cllite network, hard-wired telephone network, a cellular tele-
phone network or other personal communications system.
Methods and apparatae are also described that enhance the
ability of the medical system to find patients and to getreports
on patient and medical device status, and even update medical

device programming using such facilities, and others
described 1n detail within.

69 Claims, 9 Drawing Sheets
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WORLD WIDE PATIENT LOCATION AND
DATA TELEMETRY SYSTEM FOR
IMPLANTABLE MEDICAL DEVICES

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application is a [CIP] continuation-in-part of 09/045,
275, filed Mar. 20, 1998, now [abandoned] U.S. Pat. No.
6,292,698, [and] which is a [CON] continuatiorn of 08/494,
218, filed Jun. 23, 1993, now U.S. Pat. No. 5,752,976.

FIELD OF THE INVENTION

The present mvention relates to communication systems
for communicating with an implanted medical device or
device system, and more particularly, such a communication
system that may function on a world wide basis at any time to
communicate patient location, device monitoring data,
device re-programming data and to allow for effective
response to emergency conditions.

The following references were cited 1 commonly

assigned, U.S. Pat. No. 5,683,432 for ADAPTIVE, PERFOR -
MANCE-OPTIMIZING COMMUNICATION SYSTEM
FOR COMMUNICATING WITH AN IMPLANTABLE
DEVICE by S. Goedeke et al. to indicate the prior state of the
art in such matters. In particular, 1n reed switch use U.S. Pat.

No. 3,311,111 to Bowers, U.S. Pat. No, 3,518,997 to Ses-
sions, U.S. Pat. No. 3,623,486 to Berkovits, U.S. Pat. No,
3,631,860 to Lopin, U.S. Pat. No. , 3,738,369 to Adams et al.,
U.S. Pat. No. 3,805,796 to Terry, Ir., U.S. Pat. No. 4,066,086
to Alferness et al.; informational type U.S. Pat. No. 4,374,382
to Markowitz, U.S. Pat. No, 4,601,291 to Boute et al.; and
system U.S. Pat. No. 4,539,992 to Caltee et al., U.S. Pat. No.
4,550,732 to Batty Ir., et al., U.S. Pat. No, 4,571,589 to
Slocum et al., U.S. Pat. No. 4,676,248 to Berntson, U.S. Pat.
No. 5,127,404 to Wyborny et al., U.S. Pat. No. No. 4,211,235
to Keller, Jr. etal., U.S. patents to Hartlaub etal., U.S. Pat. No.
4,250,884, U.S. Pat. No. 4,273,132, U.S. Pat. No. 4,273,133,
U.S. Pat. No. 4,233,985, U.S. Pat. No. 4,253,466, U.S. Pat.
No. 4,401,120, U.S. Pat. No. 4,208,008, U.S. Pat. No. 4,236,
524, U.S. Pat. No. 4,223,679 to Schulman et al., U.S. Pat. No.
4,542,532 to McQuilkin, and U.S. Pat. No. 4,531,523 to
Anderson.

BACKGROUND OF THE INVENTION

Over the years, many implantable devices have been devel-
oped to monitor medical conditions and deliver therapy to a
patient. Such devices included electrical stimulation devices
for stimulating body organs and tissue to evoke a response for
enhancing a body function or to control pain, and drug deliv-
ery devices for releasing a drug bolus at a selected site. Other
more passive implantable and wearable medical devices have
been developed for monitoring a patient’s condition.

We will refer to devices that are implantable as IMD’s or
simply MD’s to indicate that they may be implantable or
wearable. We will occasionally also refer to the device having,
GPS and transmitter for keeping in touch with the medical
network or satellites as a belt worn device or simply a belt
device, although 1t 1s understood that the requirement for the
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device 1s proximity to the patient with the medical device, (the
IMD or MD), meaning 1t can be worn as a pendent, on the
neck, wrist, ankle, or the like.

Chronically implanted cardiovascular devices for monitor-
ing cardiovascular conditions and providing therapies for
treating cardiac arrhythmias have vastly improved patients
quality of life as well as reduced mortality 1n patients suscep-
tible to sudden death due to intractable, life threatening tach-
yarrhythmias. As implanted device technology has grown
more sophisticated with capabilities to discover, momtor and
alfect more patient conditions (including otherwise life
threatening conditions) patients have enjoyed freedom from
hospital or home confinement or bed rest. However, the
improved mobility brings with it the need to maintain com-
munications with the patient and the implanted device.

Early in the development of cardiac pacemakers, patient
tollow-up to monitor pacemaker operation was facilitated by
telephonic transmissions of skin surface ECGs 1n real time to

a physician’s office employing such systems as the
MEDTRONIC® TeleTrace® ECG transmitter. Over time,

various patient worn, ambulatory ECG and device monitors
have been developed for providing ECG data for remote
analysis of cardiac arrhythmias. Also, the remotely program-
mable modes of operation of implantable medical devices
increased, and programming methods improved.

In current arrhythmia control devices, (e.g. cardiac pace-
makers, and pacemaker-cardioverter-defibrillators) a rela-
tively wide range of device operating modes and parameters
are remotely programmable to condition the device to diag-
nose one or more cardiac arrhythmia and deliver an appropri-
ate therapy. In cardiac pacemakers, the pacing rate in one or
both heart chambers 1s governed by algorithms that process
the underlying cardiac rhythm as well as physiologic condi-
tions, e.g. patient activity level and other measured variables,
to arrtve at a suitable pacing rate. The pacemaker operating
modes and the algorithm for calculation of the appropnate
pacing rate are programmed or reprogrammed into nternal
memory by accessing the implanted pacemaker’s telemetry
transceiver with an external programmer. Even the diagnosis
of a tachyrhythmia requiring delivery of a treatment therapy
and the therapies to be delivered may now be governed by
operating modes and algorithm parameters that can be pro-
grammed 1nto and changed using such a programmer.

Such implanted devices can also process the patient’s elec-
trogram and any measured physiological conditions
employed in the diagnosis and store the data, for subsequent
telemetry out on 1nterrogation by the external programmer.
The telemetered out data 1s analyzed and may be employed to
establish or refine the operating modes and parameters by a
doctor to adjust the therapies the device can deliver. In gen-
eral, the manner of communicating between the transcervers
of the external programmer and the implanted device during
programming and interrogating 1s referred to as telemetry.

Initially, when programming techniques were first devised,
the paramount concern addressed related to patient safety.
Sateguards addressed the concern that the patient could be put
at risk of 1nadvertent mis-programming of the implanted
device, e.g. by stray electromagnetic fields. For this reason,
and 1n order to avoid high current consumption that would
shorten the implanted device battery life, telemetry operating
range was extremely limited. In systems continuing to the
present time, telemetry has required application of a magnetic
field at the patient’s skin over the implanted device to close a
reed switch while RF programming or interrogating com-
mands are generated to be recerved by the implanted device
transcerver. The programming or imnterrogating commands are
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decoded and stored 1n memory or used to trigger telemetry out
of stored data and operating modes and parameters by the
implanted device transceiver.

As stated at the outset, one of the rationales and attributes
of implanted medical devices of the type described, 1s that the
patient 1s allowed to be ambulatory while his medical condi-
tion 1s monitored and/or treated by the implanted medical
device. As a further safety precaution, “programmers” (de-
vices capable of programming all the operating modes or
functions of the implanted device and for initiating interro-
gation through the telemetry system) are generally not pro-
vided to the patients. Patients are periodically examined and
device interrogation 1s conducted by the physician using the
external “programmer” during follow-up visits to the physi-
cians office or clinic. This limits the frequency of monitoring
and may require certain patients to remain close to the phy-
sician’s oifice, and/or limit their life style options (1.€., remain
in or near their home).

Emergency conditions (device failure, physiologic vari-
able changes resulting 1n inapproprate therapy, transient con-
ditions/problems) may require additional monitoring or fol-
low-up.

The short range of conventional device telemetry 1s itself
viewed as unduly limiting of a patient’s mobility. In the
medical monitoring field, longer range, continuously acces-
sible telemetry has been sought and systems for doing so have
been proposed. In U.S. Pat. No. 5,113,869 for example, an
implanted ambulatory ECG patient monitor 1s described that
1s provided with longer range telemetry communication with
a variety of external accessory devices to telemeter out alarm
signals and ECG data and to receirve programming signals.
The high frequency RF signals are encoded, including the
implanted device serial number, to ensure that the communi-
cation 1s realized only with the proper implanted device and
that 1t 1s not mis-programmed.

Telemetry communication with other implanted devices,
particularly drug infusion pumps or pacemaker-cardioverter-
defibrillator devices, to 1nitiate or control their operation 1s
also disclosed. Communication between the implanted
AECG monitor and an external defibrillator 1s also suggested
through low current pulses transmitted from the defibrillator
paddles through the body link in order to condition the
implanted AECG monitor to provide telemetry signals to the
external defibrillator.

One of the external devices disclosed 1n the 869 patent 15 a
wrist worn, personal communicator alarm for responding to a
telemetered out signal and emitting a warning to the patient
when the implanted AECG monitor has detected an arrhyth-
mia. The patient 1s thereby advised to take medications or
contact the physician or to imitiate external cardioversion. The
personal communicator alarm also includes a transcerver and
may also be used to control certain functions of the implanted
AECG monitor. A further, belt worn “full disclosure
recorder’” 1s disclosed with high capacity memory for receiv-
ing and storing data telemetered out of the implanted AECG
monitor when 1ts memory capacity 1s exhausted.

A remote, external programmer and analyzer as well as a
remote telephonic communicator are also described that may
be used 1n addition to or alternately to the personal commu-
nicator alarm and/or the full disclosure recorder. The pro-
grammer and analyzer may operate at a distance to the
implanted AECG monitor to perform programming and inter-
rogation functions. Apparently, the implanted AECG may
automatically transmit a beacon signal to the programmer and
analyzer to initiate an mterrogation function to transmit data
to the programmer and analyzer on detection of an arrhythmia
or a malfunction of the implanted AECG monitor detected 1n
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a selif-diagnostic test. Or by setting a timer in the personal
communicator alarm, the implanted AECG monitor may be

automatically interrogated at preset times of day to telemeter
out accumulated data to the telephonic communicator or the
tull disclosure recorder. The remote telephonic communica-
tor may be part of the external programmer and analyzer and
1s automatically triggered by the alarm or data transmission
from the implanted AECG monitor to establish a telephonic
communication link and transmit the accumulated data or
alarm and associated data to a previously designated clinic or
physician’s office through a modem.

The combination of external devices provided to a given
patient 1s at the discretion of the physician. It 1s preferred that
at least the patient be provided with the external programmer
and analyzer including a communications link.

A similar programmer/interrogator for an implanted pace-
maker-cardioverter-defibrillator device 1s disclosed mn U.S.
Pat. No. 5,336,245, wherein the data accumulated 1n the lim-
ited capacity memory implanted device 1s telemetered out to
a larger capacity, external data recorder. The accumulated
data1s also forwarded to a clinic employing an auto-dialer and
FAX modem resident in a personal computer-based, pro-
grammer/1nterrogator.

In each of these disclosed systems, presumably, the patient
1s able to communicate with the physician’s office or clinic
contemporancously with the transmission of data by modem.
In all such telemetry systems for programming an operating
mode or parameter or interrogating accumulated patient data
or device operating modes and parameters, the patient 1s
located within a short range, typically within sight, of the
remote devices, particularly the remote programmer. If the
patient 1s out of range of the programmer and an attached
telephone system, the security of the patient 1s diminished.
Consequently, at risk patients are advised to remain close by
to the programmer and telephone for their safety.

The performance over time of implanted medical devices
in the implant population i1s informally monitored by the
periodic patient follow-ups employing the telemetry system
conducted by the physician and the reporting of device mal-
functions from the physician to the device manufacturer.
Moreover, operating algorithm improvements developed
over time to counter adverse device performance reports or to
simply improve device function are provided to physicians to
employ in re-programming the implanted devices at the next
patient follow-up.

Although significant advances have been made in allowing
patient’s who are dependent on implanted medical devices to
be ambulatory and still allow for monitoring of the device
operation or the patient’s underlying condition, a need
remains to expand patient security while allowing the ambu-
latory patient to range widely. Telemetry systems 1n current
use require prepositioning of the telemetry head over the
implanted medical device, although the telemetry systems
described above may offer the possibility of telemetry at a
distance of several meters. In any case, such telemetry sys-
tems cannot communicate patient device information (uplink
telemetry) or accept re-programming (downlink telemetry)
when the patient 1s 1n remote or unknown locations vis-a-vis
the physician of medical support network. In certain patient
conditions, the inability to communicate with the medical
implant can significantly increase patient mortality or cause
serious irreversible physical damage.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a patient data communication system for world wide patient



US RE42,934 E

S

location and data and re-programming telemetry with a medi-
cal device implanted 1n the patient.

It 1s a further object of the present invention to address the
above described problems by providing such a communica-
tion system allowing the device and/or patient to communi-
cate with support personnel at any time and from any place.

It 1s a still further object of the mvention to allow the
medical device and patient to be accurately and automatically
located enabling prompt medical assistance if necessary.

These and other objects of the invention are realized in a
first aspect of the invention 1n a system for communicating
patient device information to and from a medical device
implanted 1n an ambulatory patient and with a remote medical
support network comprising: an implanted device telemetry
transceiver within the implanted medical device for commu-
nicating data and operating instructions to and from the medi-
cal device 1 a coded communication, the implanted device
telemetry transcerver having a transcerving range extending,
outside the patient’s body a predetermined distance suilicient
to recerve and transmit coded telemetry communications at a
distance from the patient’s body; and an external patient
communications control device adapted to be located 1n rela-
tion to the patient within the device transcerving range having,
a system controller for facilitating communications, an
implant wireless interface including a control device telem-
etry transceiver for recerving and transmitting coded commu-
nications between the system controller and the implant
device telemetry transceiver, a global positioning system
coupled to said system controller for providing positioning
data identifying the global position of the patient to the sys-
tem controller; communications means for communicating,
with the remote medical support network; and communica-
tions network interface means coupled to the system control-
ler and the communications means for selectively enabling
the communications means for transmitting the positioning,
data to the medical support network and for selectively
receiving commands from the medical support network.

Preferably the system further comprises an external patient
communications device adapted to be located 1n relation to
the patient within the device transceiving range for providing,
patient voice and data communications with the system con-
troller, so that patient voice communications may be effected
through the communications interface means and the com-
munications means with the remote medical support network.

Furthermore, the communications interface means may
elfect two-way communication of voice and/or data between
the remote medical support network and the patient commu-
nications device and implanted device telemetry transceiver
by inclusion of cards for accessing one or all of the commu-
nications means including a cellular telephone network and a
satellite-based telecommunication network, a hard-wired
telephone communications system and/or a hard-wired inter-
face for computer based system for local area and for modem-
based e-mail communications systems. The cards are preter-
ably interchangeable to fit the application needed by the
particular patient.

The communications interface means preferably include
two-way voice communications between the patient and the
medical support network and two-way data communications
for selectively receiving interrogation or programming com-
mands from the medical support network to interrogate or
program the operation of the device operation and to interro-
gate patient location.

The present mvention allows the residential, hospital or
ambulatory monitoring of at-risk patients and their implanted
medical devices at any time and anywhere 1n the world. The
medical support stail at a remote medical support center may
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initiate and read telemetry from the implanted medical device
and reprogram its operation while the patient 1s at very remote
or even unknown locations anywhere. Two-way voice com-
munications with the patient and data/programming commu-
nications with the implanted medical device may be nitiated
by the patient or the medical support staff. The location of the
patient and the implanted medical device may be determined
and communicated to the medical support network in an
emergency. Emergency response teams can be dispatched to
the determined patient location with the necessary informa-
tion to prepare for treatment and provide support after arrival
on the scene.

Enhancements available due to technological improve-
ment are included to provide additional benefits to what was

available 1n U.S. Pat. No. 5,752,976 from which these stem.

These improvements include enhancements to the ability
to locate the user of the inventive device by dynamic relative
location (also called dynamic relative navigation), time slic-
ing of patient device signals to the provider network to
improve the normal, non-emergency communications iea-
tures, clock updating in the patient devices using high accu-
racy clock signals available from the satellite systems used in
GPS which can enhance the fine granularity of available time
slicing of patient device communications signals, the use of
Enhanced 911 (called E-911, which will permit triangulation
on the cell phone callers location through the E-9 11 system)
or other emergency telephone systems (including current 911
systems), dead reckonming , improved GPS systems like
DGPS, reporting changed location 11 a larger than some pre-
determined distance 1s traversed by the patient device, cell

phone triangulation and emergency location, all to supple-
ment contact location information, and the transmission of

raw data to be position calculated at remote or emergency
vehicle locations.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
present invention will be more readily understood from the
tollowing detailed description of the preferred embodiments
thereof, when considered 1in conjunction with the drawings, in
which like reference numerals 1indicate 1dentical structures
throughout the several views, and wherein:

FIG. 1 1s block level diagram of a first variation of the
system of the mvention for a patient having free ranging
mobility including an implantable medical device, a patient
communications control device and a medical support net-
work optionally employing wireless satellite telecommunica-
tion and a global positioning satellite receiver;

FIG. 2 1s a schematic 1llustration of the system of FIG. 1 1n
relation to a patient;

FIG. 3 1s block level diagram of a second variation of the
system of the 1nvention for a patient having limited mobility
including an implantable medical device, a patient commu-
nications control device and a medical support network
employing conventional wired telecommunication;

FIG. 4 1s a schematic 1llustration of the system of FIG. 3 1n
a line powered monitor for use 1n a patient’s hospital room:;

FIG. 5 1s a schematic illustration of the system of FIG. 3
employing a patient-worn, communications link and a line
powered monitor for use in a patient’s home; and

FIG. 6 1s a block diagram of an exemplary implanted medi-
cal device with which the mnvention may be practiced.

FIG. 7 1s a schematic diagram of the main component
communicating parts for preferred embodiments of this
ivention.
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FIG. 8 1s also a schematic diagram of the main component
communicating parts for preferred embodiments of this
invention, as adapted to help 1n quick location of patients.

FI1G. 9 1s a block circuit diagram of components useful for
maintaining a relative to last GPS address location, i accord
with a function of this invention.

FI1G. 10 1s a flow chart of steps for coordinating time slice
reporting ol device status 1n accord with a feature of this
ivention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The Global Communications and Monitoring System
(GCMS) of the present invention provides a means for
exchanging information with and exercising control over one
or more medical devices implanted within the body of a
patient employing the patient communications control
device. The GCMS 1n 1ts most comprehensive form of FIGS.
1 and 2 1s intended to function no matter how geographically
remote the patient may be relative to the monitoring site or
medical support network. In this form, the GCMS provides an
alarm to notity the medical support network should device or
patient problems arise, determines patient location via the
Geopositioning Satellite System (GSS), and allows verbal
communication between the patient and monitoring person-
nel via a cellular telephone system link (if available at the
patient location) or a satellite based telecommunications link
if the patient 1s outside the range of a cellular link or sub-
scribes only to the satellite-based link.

Improvements 1n technology are now available since the
f1ling of the parent applications hereto that allow for enhance-
ment of the features first described. Also, some additional
problems and opportunities have been identified and
addressed 1n this application. The improvement in GPS accu-
racy provided by DGPS systems and the development of cell
phone location techniques have provided new opportunities
to enhance patient location. The fact that behind some barri-
ers, like trees, buildings, and so forth block some GPS signals
has provided the inventor to improve the original disclosure.
Likewise, some new thinking about how to improve the abil-
ity to find patients, including dead reckoning intelligence
being added to the patient devices and use of time slice
updates to the medical provider system have increased the
uselulness of the invention.

The system 1s not mntended to be limited to such remote use
by a free ranging patient and 1s intended to also be used when
the patient 1s less mobile. In the sub-system or second varia-
tion 1llustrated 1n FIGS. 3-5, the patient communication con-
trol device 1s intended to be coupled to a telephone or other
communications system for a patient with more limited
mobility. For example, the standard telecommunications sys-
tem may be accessed either through a hard-wired link or by a
cordless telephone with a telephone receiver in the room
attached to a phone jack. In this case, the cellular or satellite-
based telecommunications interface capabilities are not nec-
essary, and the GSS capability may be superfluous. Prefer-
ably, the GCMS of FIG. 1 includes all of these capabilities
embodied 1n a patient communications control device that 1s
small and light enough to be attached to the patient when the
patient 1s mobile or to be used by the patient as a free standing,
unit at the patient’s residence or hospital room. Alternatively,
as shown in FIGS. 3-5 the GCMS can be re-configured in part
as a stand alone, line powered, room monitor and the remain-
ing part can be implemented as a patient-worn, battery pow-
ered, commumnications link with a transceiver capable of two-
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way communication between the patient, the implanted
medical device and the line powered monaitor.

FIGS. 1 and 3 are intended to show the alternate compo-
nents of both of the variations of the GCMS, although the
alternate components may be included in the same GCMS.
Thepatient 10 has one or more implanted medical devices 12,
14, which 1n the latter case may communicate with one
another 1s known as, for example, using the body medium 1n

a manner described in commonly assigned U.S. Pat. No.
4,987,897 to Funke. The medical device 12 (and associated
device 14, if present) may be, for example, an arrhythmia
control device, e.g. a cardiac pacemaker or a pacemaker-
cardioverter-defibrillator. A relatively wide range of device
operating modes and parameters are remotely programmable
to condition such a device 12 to diagnose one or more con-
ditions such as cardiac arrhythmias and/or deliver electrical
or other stimulus appropriate for therapy. The implanted
medical device 12 may alternatively be a drug administration
device, cardiomyoplasty device, neural stimulator or any
other implantable device with electronic control functions
that can be programmed and/or have memory for storing
patient and device operating data.

At least one implanted medical device 12 possesses a trans-
ceiver of the type known 1n the art for providing two-way
communication with an external programmer. The encoded
communication may be by the RF transmission system such
as 1s described in the above-referenced 869 patent or by
using spread spectrum telemetry techniques described in U.S.
Pat. No. 5,381,798 to Burrows or by the system disclosed 1n
the above-referenced U.S. Pat. No. 5,683,432 or any of the
known substitutes. The telemetry techmque employed and
the transceiver of the implanted medical device 12 have
enough range to communicate between the transceiver 1n the
implant wireless iterface 22 1n the remote patient commu-
nications control device 20 and the implant (12 . . . 14). The
system disclosed in the above-referenced U.S. Pat. No. 5,683,
432 may be employed to increase the accuracy and efficiency
of the uplink and downlink telemetry.

FIG. 6, depicts an implantable pulse generator (IPG) cir-
cuit 300 and atrial and ventricular lead system 112, 114 hav-
ing programmable modes and parameters and a telemetry
transceiver of a DDDR type known 1n the pacing art as an
example of an implanted medical device 12. While described
in some detail, this device 12 provides only one example of
the kind of implantable device that may be employed with this
invention.

The IPG circuit 300 of FIG. 6 1s divided generally into a
microcomputer circuit 302 and a pacing circuit 320. The
pacing circuit 320 includes the output amplifier circuit 340
and the sense amplifiers 360. The output circuit 340 and sense
amplifier circuit 360 may contain pulse generators and sense
amplifiers corresponding to any of those presently employed
in commercially marketed cardiac pacemakers for atrial and
ventricular pacing and sensing. The bipolar leads 112 and 114
are 1llustrated schematically with their associated electrode
sets 116 and 118, respectively, as coupled directly to the
input/output circuit 320. However, 1n the actual implanted
device they would, of course, be coupled by means of remov-
able electrical connectors inserted in a connector block.

Sensed atrial depolarizations or P-waves that are confirmed
by the atrial sense amplifier (ASE) 1n response to an A-sense
are communicated to the digital controller/timer circuit 330
on ASE line 352. Similarly, ventricular depolarizations or
R-waves that are confirmed by the ventricular sense amplifier
in response to a V-sense are communicated to the digital
controller/timer circuit 330 on VSE line 354.
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In order to trigger generation of a ventricular pacing or
VPE pulse, digital controller/timer circuit 330 generates a
trigger signal on V-trig line 342. Stmilarly, 1n order to trigger
an atrial pacing or APE pulse, digital controller/timer circuit
330 generates a trigger pulse on A-trig line 344.

Crystal oscillator circuit 338 provides basic timing clock

tor the pacing circuit 320, while battery 318 provides power.
Power-on-reset circuit 336 responds to 1nitial connection of
the circuit to the battery for defining an imitial operating,
condition and may reset the operative state of the device 1n
response to a low battery condition. Reference mode circuit
326 generates stable voltage and current references for the

analog circuits within the pacing circuit 320. Analog to digital
converter (ADC) and multiplexor circuit 328 digitizes analog

signals. When required, the controller circuit will cause trans-
ceiver circuit 332 to provide real time telemetry of cardiac
signals from sense amplifiers 360. Of course, these circuits
326, 328, 336, and 338 may employ any circuitry similar to
those presently used 1n current marketed implantable cardiac
pacemakers.

Data transmission to and from the external programmer of
the patient communications control device of the preferred
embodiment of the invention 1s accomplished by means of the
telemetry antenna 334 and an associated RF transmitter and
recetver 332, which serves both to demodulate received
downlink telemetry and to transmit uplink telemetry. Uplink
telemetry capabilities will typically include the ability to
transmit stored digital information, e.g. operating modes and
parameters, EGM histograms, and other events, as well as real
time EGMs of atrial and/or ventricular electrical activity and
Marker Channel pulses 1indicating the occurrence of sensed
and paced depolarization in the atrium and ventricle, as 1s well
known 1n the pacing art. The IPG transceiver system dis-
closed in the above-referenced U.S. Pat. No. 5,638,432 may
be employed to provide the uplink and downlink telemetry
from and to the implanted medical device in the practice of
the present invention.

Control of timing and other functions within the pacing
circuit 320 1s provided by digital controller/timer circuit 330
which includes a set of timers and associated logic circuits
connected with the microcomputer 302. Microcomputer 302
controls the operational tunctions of digital controller/timer
324, specitying which timing intervals are employed, and
controlling the duration of the various timing intervals, via
data and control bus 306. Microcomputer 302 contains a
microprocessor 304 and associated system clock 308 and
on-processor RAM and ROM chips 310 and 312, respec-
tively. In addition, microcomputer circuit 302 includes a
separate RAM/ROM chip 314 to provide additional memory
capacity. Microprocessor 304 1s interrupt driven, operating 1n
a reduced power consumption mode normally, and awakened
in response to defined interrupt events, which may include the
A-tnig, V-trig, ASE and VSE signals. The specific values of
the intervals defined are controlled by the microcomputer
circuit 302 by means of data and control bus 306 from pro-
grammed-1n parameter values and operating modes.

If the IPG 1s programmed to a rate responsive mode, the
patient’s activity level 1s monitored periodically, and the sen-
sor derived V-A escape interval 1s adjusted proportionally. A
timed terrupt, €.g., every two seconds, may be provided in
order to allow the microprocessor 304 to analyze the output of
the activity circuit (PAS) 322 and update the basic V-A escape
interval employed 1n the pacing cycle. The microprocessor
304 may also define variable A-V intervals and variable ARPs
and VRPs which vary with the V-A escape interval estab-
lished 1n response to patient activity.
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Digital controller/timer circuit 330 thus defines the basic
pacing or escape interval over a pacing cycle which corre-
sponds to a successive A-V 1nterval and V-A interval. As a
turther variation, digital controller/timer circuit 330 defines
the A-V delay intervals as a SAV that commence following a
sensed ASE and a PAV that commences following a delivered
APE, respectively.

Digital controller/timer circuit 330 also starts and times out
intervals for controlling operation of the atrial and ventricular
sense amplifiers 1n sense amplifier circuit 360 and the atrial
and ventricular amplifiers 1 output amplifier circuit 340.
Typically, digital controller/timer circuit 330 defines an atrial
blanking interval following delivery of an APE pulse, during
which atrial sensing 1s disabled, as well as ventricular blank-
ing intervals following atrial and ventricular pacing pulse
delivery, during which ventricular sensing 1s disabled. Digital
controller/timer circuit 330 also defines an atrial refractory
period (ARP) during which atrial sensing 1s disabled or the
ASE 1s 1gnored for the purpose of resetting the V-A escape
interval. The ARP extends from the beginning of the SAV or
PAV 1nterval following either an ASE or an A-trig and until a
predetermined time following sensing of a ventricular depo-
larization or triggering the delivery of a VPE pulse as a
post-ventricular atrial refractory period (PVARP). A ven-
tricular refractory period (VRP) may also be timed out after a
VSE or V-trig. The durations of the ARP, PVARP and VRP
may also be selected as a programmable parameter stored in
the microcomputer 302. Digital controller/timer circuit 330
also controls sensitivity settings of the sense amplifiers 360
by means of sensitivity control 350.

The 1llustrated IPG block diagram of FIG. 6 1s merely
exemplary of one form of an implanted medical device 12
having a telemetry transcerver. The telemetry transceiver 332
1s capable of receiving interrogation commands for uplink
telemetry of accumulated data, e.g. stored histograms of 1nt-
racardiac electrograms (IEGM) or other electrogram (EGM)
data maintained 1n RAM 310 or RAM/ROM unit 314, or of
real-time data, e.g. the raw EGM of the patient’s heart. In
addition, 1t 1s capable of recerving permanent reprogramming
commands or certain temporary programming commands for
changing operating modes or parameters of the IPG 300 to
counter a condition diagnosed by the medical support net-
work. In this manner, the selective initiation of the operation
of the therapeutic treatment (pacing for device 12) and moni-
toring can be etflected through operating commands received
by said implanted device telemetry transcerver 322. Further-
more, the operating algorithms governing the various pacing
modes or parameters of those operating algorithms may be
re-checked and altered through downlink interrogation and
re-programming. In addition, the normal, periodic follow-up
of the IPG 300 operation can be remotely mnitiated and con-
ducted using the uplink and downlink telemetry between the
transcerver 332 and the implant wireless 1nterface under the
control of the system controller as described below. The
present invention can therefore readily be practiced using the
basic hardware of existing microprocessor-controlled, dual
chamber pacemakers, pacemaker-cardioverter-defibrillators
and other medical devices, with a transceiver capable of
uplink and downlink telemetry at a distance of up to several
meters between the telemetry antenna 334 and the external
telemetry antenna of the patient communications control
device 20 or 20' of the vanations of the present invention.

Returning to FIGS. 1 and 3, the patient communications
control device 20, 20' therefore includes the implant wireless
interface 22 that operates as a two-way telemetry transcerver
for communicating with the telemetry transcerver of the
implanted medical device 12 or devices 12, 14 and 1s con-
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trolled 1n those operations by a microcomputer-based system
controller 24, preferably a 486X X microprocessor with RAM
and ROM, e.g. the Cardio 486 available from SMOS SY S-
TEMS located 1n San Jose, Calif. maybe employed as the
controller 24. The system controller 24 contains a system
clock for maintaining an accurate time base which in one
embodiment may be recalibrated periodically via accurate
clocks 1n the GPS satellites 62. The microcomputer-based
system controller 24 1s coupled to the patient link 26 and the
voice and data communications network interface 28 wvia
voice and data buses 36 and 38. A patient link 26 provides a
microphone and speaker through which the patient 10 can use
for voice communication through the system controller 24
and the voice and data communications network interface 28
with the remote medical support network 530. Communication
between the system controller 24 and the communications
interface 28 1s via data and voice buses 44 and 46. The system
controller 24 may be part of a standard or modified cellular
telephone or other personal communication device and may
simply recognize specific telemetered signals from the
implanted device 11 desired.

At the medical support network 30, a base station 1s pro-
vided to be 1n the communication link with the monitor 30 or
the patient-worn communications device 40. The base station
1s preferably a microprocessor-based system that includes the
software and hardware needed for voice communication with
the patients to locate the patient and to interrogate and pro-
gram the implanted medical devices using the communica-
tions interface links incorporated into the GCMS. Alterna-
tively, a system can employ a device similar to the base station
as a mobile unit 1n an emergency vehicle like an ambulance or
helicopter as 1llustrated 1n FI1G. 7, vehicles 105 and 105a. This
mobile umt being tasked to find the exact location of a patient
in an alarm condition and to rapidly administer medical aid
and provide transportation to the most appropriate medical
center. Patient voice communications through the patient link
26 1include both actual patient voice and/or manually actuated
signaling which may convey an emergency situation. For
example, a patient may 1nitiate communications through link
26 by depressing a button and/or speaking mto the micro-
phone/speaker. The patient voice 1s converted to an audio
signal, digitized, encoded and transmitted either by voice bus
36 or by a transceiver 1n the case where the patient link 26 1s
physically separated from the system controller 24, as
described below. The patient activated emergency signal 1s
likew1se encoded and transmitted by data bus 38 or 1ts equiva-
lent transceiver encoded RF signal to the system controller
24.

Patient link 26 1s a custom designed circuit that preferably
has a microphone and speaker, associated drivers, a visual
indicator (1.e. light or LCD display), and a patient activator. In
the embodiment where the patient link 26 1s physically part of
the patient communications control device 20, the patient link
also includes mterface circuitry to buses 36 and 38 as shown
in FIG. 1. Alternatively, the patient link 26 can be combined
with the implant wireless interface as a combined PCMCIA
(or other communications) card and a single data bus may be
shared between the two circuits. In a further embodiment
having a physically separated and separately powered patient
communications control device 26, the voice and data buses
36 and 38 can be replaced by short-range wireless LAN
PCMCIA cards at each end of the link. An infrared wireless
LAN PCMCIA adapter with an integrated transceiver, Model
No. 87G9743, 1s currently available from IBM, Inc., Somers,
N.Y. An RF wireless LAN PCMCIA adapter with an inte-
grated transcerver, Model No. 80G0900 1s also available from
IBM, Inc., Somers, N.Y. Other similar devices may be used.
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Much improved location finder systems are available from
Trimble Navigation and Leica as described below, and these
could of course be used to eflectuate the improved location of
and contacting of the patient system. For most situations
basing the receiwver on the DGPS 1n the AgGPS 132 from
Trimbal would be sufficient, but including the signal interfer-
ence capabilities of the 400 rs1 and Dsi devices may prove
advantageous. By incorporating or using these or even the
Leica systems now available to determine location to a
claimed 1 cm accuracy, sending the location information
from the patient to the emergency locator vehicle could aid 1n
locating a patient more quickly by indicating the direction
and distance to that location 1n the emergency vehicle’s base/
mobile station display(one example illustrated in FIG. 8.
(Citations for Trimbal and Leica are near the end of this
application).

Continuing specifically with the first vanation of FIGS. 1
and 2, these figures depict the components of the more com-
prehensive GCMS of the present mmvention for allowing
greater patient mobility, a wider range of communications
network interface links and the capability of locating the
patient anywhere 1n the world. In the GCMS of FIG. 1, all
components of patient communications control device 20 are
incorporated 1nto the patient-worn communications device
40 which may be worn, for example, on a patient’s belt or
carried 1 a pocket, or worn on a wrist. Alternatively, as
described above, the patient link 26 may be separated into a
wrist-worn device having a separate transceiver for conve-
nience of use 1n voice communication. In any event, the
emerging Personal Communications System (PCS) technol-
ogy may be employed 1n the mimiaturization of the system
components.

In accordance with one aspect of the invention, the system
controller 24 1s coupled to a GPS recerver 60 via bus 58 for
receiving patient positioning data from an earth satellite 62.
The GPS receiver 60 may use current systems such as the
Mobile GPS™ (PCMCIA GPS Sensor) provided by Trimble
Navigation, Inc. of Sunnyvale, Califorma or Retki GPS Land
Navigation System provided by Lukkura Systems Interna-
tional, Inc. of Cameron Park, Calif., or other similar systems.
The GPS recerver 60 may be actuated by a command recerved
through the system controller 24 from the medical support
network, in the case of an emergency response. In the case of
a non-emergency, periodic follow-up, the GPS receiver 60
may be enabled once an hour or once a day or any other
chosen interval to verily patient location. The determined
location may be transmitted to the medical support network
and/or stored in RAM 1in the system controller 24. To maintain
patient location information in the absence of GPS signals
(such as 1nside metal buildings), a three-axis accelerometer
72 or other position/motion determining device can be incor-
porated 1nto the system. By knowing original position (from
the last valid GPS point), time (from the internal clock) and
acceleration (motion), patient position can be calculated from
the three axis coordinates realized from each accelerometer
output calculated in each case from:

X(O)=x(0)+v(O)t+ffa(t)dt

where x(0) 1s the 1mnitial position stored 1n memory for each
axis, t 1s time, a 1s acceleration and v 1s velocity.

In the free ranging embodiment of FIGS. 1 and 2, two
communication network interface links with the medical sup-
port network 30 are included, although the commumnication
interface links of the second varnation of FIGS. 3-5 may be
included for optional home use. One non-hard-wired com-
munication interface link 1s effected through the soon to be
deployed, worldwide satellite communications system,
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called “Indium”, by Motorola, Inc. of Schaumburg, Ill. This
1s a PCMCIA card 64 which may be built from common
components by one skilled 1n the art. Another (second) com-
munications link can be etfected by the ARDIS (Advanced
Radio Data Information Service) pocket radio communica-
tions network via PCMCIA link card 66, a Mobidem modem
available from Ericsson, Inc. of Raleigh, N.C. Both of the
radio links operate as modems with voice and data simulta-
neously transmitted via adding the CT8020 (DSP Group of
Santa Clara, Calil.) to a standard data modem such as a 28.8

Keepintouch™ Express modem from AT & T Corp. of Largo,
Fla.

Either or both PCMCIA cards 64 and 66 may be provided
and they are coupled with the voice and communications
network 28 via buses 68 and 70, respectively. When both are
provided, access to the communications satellite link 80 1s
automatically obtained when a link to a cellular transceiver 82
1s not possible.

It should be noted that “Iridium”™ manages cellular location
ol each subscriber in the network at all times. The subscriber
unit, which 1n this mvention would be incorporated into the
device 20 (or communicatively connected to 1t) i1dentifies
itself and 1ts location on a periodic basis to the system man-
ager. In any system chosen 1t 1s expected that the control and
communications device will have to report in to a manage-
ment system regarding 1ts location on a periodic or at least on
a changed location basis or both. The implanted device need
not be concerned about this activity and need not use any of its
battery power to accomplish 1t since only the external device
20 (in the preferred embodiments) needs to be mvolved 1n
such location communication. Only by knowing the patient
location can the medical system 50 communicate to the
implanted device at any time 1t wants or needs to. Accord-
ingly, 1f emergency communications are expected short inter-
vals between reporting 1n are recommended.

By checking 1n, the patient’s external communications
device would act like a cellular phone, answering incoming
medical system messages broadcast into the cell in which 1t 1s
located.

For patient convenience, a personal communicating device
may incorporate the controller/communicator that communi-
cates between implanted device(s) and the external world. In
this way 1t could look like and operate as a personal commu-
nicator or cellular phone and reduce patient psychological
discomiort. It should also be recogmzed that 11 the cellular
telephone system manages all communication functions
between the outside-the-patient-system and the medical com-
munity system, the implanted device need only be able to
communicate with the cellular communications product.

FIG. 2 illustrates the free ranging patient 10 located
remotely from the medical support network 50 and from any
hard-wired communications link. The patient communica-
tions control device 20 1s implemented 1n the belt-worn por-
table unit 40, although the patient link 26 may be worn sepa-
rately on the patient’s wrist (not shown). Alternatively, the
patient communications control device 20 including the
patient link 26 may be packaged into a portable telephone
configuration and carried 1n a pocket. In any embodiment, the
patient location may be determined by communications with
the GPS 62. The voice and data communications link with the
medical support network 50 may be effected by a cellular
phone link including transceiver 82. Alternatively, the voice
and data communications link may be effected using the
communications satellite link 80.

The patient communications control device 20 of FIGS. 1
and 2 1s powered by a battery power supply 74 that preferably
1s rechargeable, or alternatively by commonly available bat-
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teries of any type. The system controller 24 includes a power
control system for powering down the microprocessor and the
associated components of the patient communications con-
trol device 20 except on receipt of an interrupt 1n a manner
well known 1n the art.

Power consumption can be significantly reduced by pow-
ering up the commumnication and satellite circuitry periodi-
cally for a short period of time to re-acquire a GPS location
and/or look for requests for data or status from the medical
support network 50. This system power consumption reduc-
tion can greatly enhance battery lifetime requiring less fre-
quent battery replacement or recharging, in the case of a
rechargeable battery configuration. As an alternate to using a
management system to maintain a patient location data based
on patient’s device periodic check-in each GCMS system for
cach patient could have a specific time slot (for example, 30
seconds) non-overlapping with other GCMS systems to
power up, acquire location coordinates from the GPS system
and be alert for a call from the medical support network 50.
Periodically (Tor example, once per day), the medical support
network 50 would reset/recalibrate the system clock 1n sys-
tem controller 24 from the atomic clock 1n the GPS satellite
system. This would ensure that no specific GCMS system
clock would drift out of range of its allotted time slot and be
unavailable for reception or drift into an adjacent time slot.
Other time dividing schemes used in other arts may also be
employed to maximize battery life for any system.

Time slicing the power up communications can increase
the number of available time slots 1n a local system if the time
slices are small and accurately maintained. To do this, the
patient’s system would simply update it’s internal clock with
reference to the atomic clock signal broadcast via the satellite
to maintain accurate timekeeping for itsell.

Turming to the second varnation of the invention illustrated
in FIGS. 3-5, 1t should be noted that the system of FIG. 1 may
also be used in the home or 1n the hospital using the cellular
communications link card 66. However, the modified patient
communications control device 20' of FIG. 3 1s preferably
implemented with the voice and data communications net-
work interface 28 having the capability of directly linking
with a hard-wired phone line 32 or other communication
services, which may include a hospital installed network, e.g.
a personal computer interface to a local area network. In
either case, the modified patient communications control
device 20' may be implemented in a number of portable or
stationary monitor 30 forms.

In the embodiment 1llustrated in FIG. 4, all of the FIG. 3
components of the modified patient communications control
device 20' are located 1n the monitor 30. The patient link 26
and the implant wireless interface 22 are hard-wired by voice
and data buses 36, 38 and 42 to the system controller 24. In the
embodiment of FIG. §, the patient link 26 and the implant
wireless interface 22 are located 1n the patient-worn commu-
nications device 12. The remaining components of the modi-
fied patient communications control device 20' are located 1n
monitor 30, and suitable RF telemetry transceiver links are
substituted for the buses 36, 38 and 42. In either embodiment,
the power supply 74 of the monitor 30 may be line powered.
The modified patient commumnications control device 20
within monitor 30 may also be coupled to a wall jack for
hard-wired communications through the phone line 32 or
other commumnications service 34 with a medical support
network 50 located remotely or within the hospital.

As described above, implantable devices suchas 12 ... 14
include telemetry transceivers with range suitable for com-
municating over a short range to the implant wireless inter-
face 22 of the modified patient communications control
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device 20" within stand alone monitor 30. This remote link
offers advantages over patient-worn electrodes or program-
ming heads required 1n the standard skin contact telemetry
and monitoring used at present. Skin contact 1s difficult to
maintain, as the adhesive for the electrodes or heads fails in
time, skin irritation 1s often a problem and inadvertent
removal of electrodes 1s also prevalent. Moreover, the EGM
and other body condition monitoring capabilities of advanced
implanted medical devices can be taken advantage of to sub-
stitute for 1n-hospital monitoring, e.g. Holter monitoring of
the patient’s electrogram. The electrogram and/or other sen-
sor derived data, e.g. pressure, temperature, blood gases or the
like, stored by the implanted device can be transmitted out
continuously or on periodic automatic telemetry command
and sent by the communications link to the remote or hospital
medical support network 50.

In either environment of FIG. 4 or 5, the patient 10 may
communicate with the medical support stail at the medical
support network 50 through the voice channel provided in the
patient link 26. The patient communications control device
20 or 20' 1 either embodiment can retrieve all implanted
device stored patient and device operating data on receipt of
a command from the medical support network 50, process
and temporarily store such data, and transmit 1t back to the
support network 30 for analysis. Moreover, implanted
devices 12 . . . 14 may be reprogrammed from the medical
support network 50 to alter device operating modes and
parameters employing the modified patient communications
control device 20' as a programmer. Finally, the modified
patient communications control device 20' can transmit an
alarm to the medical support network should there be prob-
lems with the patient or implanted devices 12, 14. For
example, the implanted devices 12, 14 may signal a low
battery condition or a low drug supply in the case of an
implanted drug dispenser or other problems found in seli-
diagnostic routines periodically conducted within the
implanted devices 12 . . . 14.

The varniations and embodiments of the GCMS of the
present invention provides comprehensive monitoring of
implanted medical devices independent of the geographic
mobility of the patient using the devices, obviating the need
for the patient to return to a designated follow-up monitoring
site or clinic. Moreover, it allows determination of the
patient’s geographic location via the GSS 62 while providing
simultaneous two-way communication with devices and the
patient when desired. In addition to emergency response and
routine patient management, the GCMS facilitates medical
device clinical studies, providing data collection at one cen-
tral site from all study patients without requiring their active
involvement or clinic visits. This 1s especially useful for con-
ducting government-mandated post-market surveillance
studies. Should there be need to upgrade or change the behav-
ior of 1implanted devices the global system allows a central
monitoring site to revise all mvolved implants anywhere 1n
the world by transmitting new programming instructions to
every device (assuming appropriate governmental authorities
and the patients’ physicians have agreed to the need for such
changes). The patient need not be directly involved in this
updating and need not be aware of the actual process.

A continuous and automatic medical monitoring service
could be implemented to shorten response time for emer-
gency medical situations or device events signilying patient
difficulty. For example, a patient having an implanted cardio-
verter/defibrillator may be subjected to multiple defibrillation
shocks, due to an underlying arrhythmia that cannot be con-
verted by the shocks. To achieve this 1n the first variation of

FIGS. 1 and 2, the implanted medical device 12 or 14 would
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initiate an emergency transmission to the patient communi-
cations control device 20 which would contain, but not be
limited to, all or some of the following: patient name and
mailing address, patient’s current location, patient’s current
medical condition requiring assistance, ongoing “real time
physiological variables”, patient medical support team 1nfor-
mation, and current status (patient and device) and data stored
within the implanted medical device. The patient communi-
cations control device 20 would obtain the GSS signal and
transmit all the imnformation to the medical support network
50. The patient may also transmit voice information if con-
scious of the event. A similar response to an emergency situ-
ation can be mitiated and completed 1n the GCMS of the
second variation using the modified patient communications
control device 20'. And, as mentioned before, the time slice
can be very small for each patient in a local provider network
i the system checks 1ts time clock against the atomic clock
time signals available from the satellite.

Moreover, patient follow-up and periodic monitoring (1.e.
monthly, quarterly, etc.) of the medical implant’s stored data
and status could be done automatically and be completely
transparent to the patient. The medical support team would
even have the capability of changing the implanted device
settings or programming with complete transparency to the
patient (or alternatively, voice or warning signals may be used
to 1dentity impending programming).

Interactions with the implanted device and patient may be
totally transparent to the patient, e.g., routine location checks
to determine 11 the patient 1s 1n proximity sufficiently with the
patient communications device to interrogate the implanted
device or for follow-up data collection from the implanted
device’s monitoring memory or reprogramming ol opera-
tions of the device etlected at night while the patient sleeps.
Or the patient may be included 1n the process, even to the
extent that voice communications from the staif at the support
network to mstruct or reassure the patient are received in the
patient communications control device.

The following chart details the communications pathways
and the data that can travel over them are detailed 1n the
following chart.

Medical Device(MD) Data to
Belt Device

a. Serial No. or other unique ID data

b. Patient Condition

c. Device status data

d. Device Sensor data

e. Coordinating data

a. Commands to MD(change a program
parameter/value/sequence, mterrogate,
request a program or data, etc.)

b. Coordinating data (ex. outside
pressure)

a. Commands to Belt Device or MD

b. Coordinating data(ex. DGPS)

a. Belt Device data (which includes all
data from the MD and Belt Device
generated data including Dynamic
Relative Reference, and GPS and DGPS
as required or requested.)

Belt Device to Medical
Device(MD)

Network Data to Belt Device

Belt Device to Network

NOTES:

Wake-ups, acknowledgments, protocol, error correcting, and handshaking all as designed
for each component to component communication. It should be noted that Network includes
for example any nmumber of nodes 1n a telephone system that are part of the health care
provider network, or any specific one of such nodes.

Using these communications features we can enhance the
functionality available to the medical community for using
these devices, while at the same time providing enhanced
location of patients 1n emergency situations.

In particular, we use the enhancements of the GPS system
called DGPS to more accurately 1dentify the patient location.
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We also use on-board automatic dead reckoning facilities 1n
the belt worn or 1n the IMD 1tself to provide update control
and location information relative to a last DGPS or GPS
location. We also can provide interaction with cellular tele-
phony systems that can now be used to provide location
information as well.

To reduce the amount of information processing that has to
be done 1n the belt worn or IMD, we can take advantage of the
nature of the GPS data itself. This data can be represented as
tollows. The table 1llustrates a variable length data transmis-
sion from the patient communications control device 20 (or
20" to the remote medical support network 30, for example.

DATA TABLE:

Byte Label Description

0 Sync flag A hex value to identify the start to recerver
(usually FF)

1-2 Length of Data integer indication of number of bytes to
follow

3-6 Patient ID code Unsigned long integer value

7-8 GPS FOM Figure Of Merit, calculated by GPS
(integer value, depends on number of
satellites in view)

9-10 GPS GDOP Geometric Dilution of Precision calculated
by GPS (integer value, includes the time
correction data based on the satellite
broadcast atomic clock data)

11-18  GPS Latitude IEEE double precision format

19-26  GPS Longitude IEEE double precision format

27-n ECG/physiologic number of bits dependent on digitization

signal/device status, rate and what data 1s being sent
ete.
n+1 LRC Longitudinal Redundancy Check data and

ECC data to correct errors in transmission.

When using the system to locate patients, the Contact Patient
soltware module contains two 1dentical arrays that form the
binary data packets. While one packet 1s collecting real time
data from the ADC 328 of implantable device 300 and the
result of a GPS calculation, the other 1s communicating to the
base station. Once every second the packets change function
(commonly called double buflering). Real time displayed
data 1s delayed by one second. The actual data transmission
time depends on the amount of data, which 1s set by the
digitization rate and the baud rate achieved over the wireless
link between devices. Typically the table full of data would be
transferred 1n a third of a second.

Alternatively, to save power in the patient worn belt and
IMD devices, the use of the GPS Latitude and Longitude
calculations need not be made. These could be calculated 1n a
computer 1n a rescue vehicle (FIG. 7 ) or 1n the hospital, or
somewhere else 1n the system, from raw GPS satellite data
and thereby saving power for the small devices. Simply turmn-
ing off the main GPS recetver activities will save power too,
as was demonstrated in U.S. Pat. No. 5,592,173, incorporated
herein by reference. In this patent as well, a dead reckoning
system 1s also suggested as being usetul 1n the powered down
mode.

Referring now to FIG. 7, 1n which a system 100 1n accord
with one aspect of this invention 1s shown, a tower 101 base
station, broadcasts 1ts correction data from 1ts known location
to the devices located 1 a climc/hospital 103, a moving
rescue vehicle 105 and the patient system 104. There cur-
rently are at least two DGPS systems commercially available,
one form Trimble Navigation Limited, Sunnyvale Calif. and
Hampshire England, and another from Leica Navigation and
Positioning of Torrence California and Leica Inc., Norcross
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(Ga. Both these companies provide base stations for broad-
casting and receivers for receiving and correlating GPS and
DGPS data that could be usetul for the system components
shown 1n FIG. 7, but other similar systems could be used as
well. A description of the features providing for DGPS loca-
tion 1n the Trimble system are mentioned in the U.S. Pat. Nos.
5,777,580, 5,745,868, 5,731,768, and 5,680,140, all of which
are herein incorporated by this reference.

The satellite 102 could be any of the GPS satellites, and the
hospital or clinic 103 could be any medical facility. The
personal system of the patient 104, may be worn for example
on a belt or pendant or by other means kept near his body, as
preferably two parts, the medical device MD (104a) and the
belt worn device consisting of the programmer type commu-
nicating module PMD 104b for communicating with the
medical device 104a, the telecom unit 104d for communicat-
ing with local telephony systems through wireless cell phone
type technologies, and the DGPS or GPS unit 104¢, which
receives the satellite data and data from fixed base stations
like station 101.

Referring now to FIG. 8, the belt worn device 104 recerves
satellite data A, broadcast from a set of satellites 102a-n (only
one 1s pictured). It also recerves broadcast correction data
signals A' from a base station 101. The finding system 1n
device 106 recerves this same data. When alerted to be look-
ing for the location of the patient worn device 104, device 106
will also be looking for information broadcast by device 104
in signal B. Generally this data will include information
received from the satellites 102a-n that are in range of the belt
worn device 104 1n a packet 107a and the correction data
received from the DGPS base station 101 1n packet 107b.
From this data the exact location of device 104, can be com-
puted. By computing this location data itself, device 106 can
then compute 1ts own location and produce a vector to the
device 104 for display (like display 106a) to the user of device
106. It 1s believed that the most effective display would be a
directional arrow with a numeric display of distance units to
the device as 1illustrated, but any combination of numeric,
alpha, and illustrative displays as well as audible signaling
including speech (for example, the device could say 20 yards
to your left for use by a fire fighter 1n a smoky building) may
be used 11 desired. There 1s also no reason not to incorporate
a telephone receiver for direct communications with the
patient 1n both the devices 104 and 106 11 desired.

The data 1n the interchange between the mobile finding
device 106 and the patient belt worn device 104 can be 1n
many forms, but preferably we would use a data format like in
the DATA TABLE, above.

Improvements 1n the flexibility of how to access a patient in
distress or for location of any other person using a device such
as 140 1n FIG. 8 can be had using alternate systems already 1n
use.

For example, 1n the United States, there 1s a new FCC
proposed rule for broadband personal communications ser-
vices carriers to comply with section 103 of the Communi-
cations Assistance for Law Enforcement Act, so many com-
peting systems for location of cell phones will be available to
supplement the finding features of this invention. It 1s
believed that nearly all cell phone systems will be able to
locate their users within 15 meters under this initiative. While
this 1tiative 1s related to law enforcement activities prima-
rily, 1t’s use for medical emergencies should not be pro-
scribed. There 1s also an n1tiative to have emergency calls to
the Emergency 911 (E911) system from cell phones activate
location information for the emergency response services to
be more effective. Finally, 11 the medical device (104a of FIG.
7) notes that 1ts wearer has an emergency condition, 1t could
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activate a call by a communication to the PMD corn unit 104b
to call the 911 or other emergency service (using unit 104d)
through the wireless telephone system. An mnitial location
data stream would preferably automatically be sent with the
initial call when the call was made, using this new nitiative
system. This information recerving function could be ncor-
porated into emergency telephone receiving equipment or it
the emergency services don’t provide it, a voice transmission
of the nature of the emergency and perhaps some indication of
location could be given by the telecom unit 104d from a bank
of recorded message parts to emergency response personnel.
IT special equipment 1s 1ncorporated 1n the emergency tele-
phone communications system, emergency codes could be
sent along with the location data or just sent by 1tself. Also,
code dataregarding the patient condition, like blood pressure,
temperature, battery fault 1n an implanted device or any other
relevant information regarding the patient condition, environ-
ment or device status can be reported with the emergency
coding.

Time slice updating of the status of a device like that 01104
in FIG. 8, implants 12, 14 etc. and 20 of FIGS. 1, or 12 and 30
of FIG. 2, can be effectively provided to many thousands of
patients in a geographic region with little difficulty provided
there 1s accurate keeping of time by all units 1n a given system.

FI1G. 9 1llustrates the main internal components needed for
keeping track of the patient location 1f the GPS system 1s
temporarily unavailable, and for using a dead reckoning sys-
tem to complement the GPS or DGPS systems in any other
ways. There should be areal time clock 901, a microprocessor
unit 903 and some memory circuits 902 connected by circuit
lines or a bus 904 to the position tracking monitoring circuitry
905. This tracking and momitoring circuitry should also be
associated with a gyroscope like device, a minimized inertial
navigation system, a multi-axis accelerometer system, or
some other mechanism usetul to track the movement of the
patient 1n three dimensional space. A number of different
systems have been worked out that would be satistactory for
this purpose, and any of these could be chosen. The 1nertial
navigation systems used in modern aircrait provide other
examples. Alternatively, the pedal impacts based system
described 1n U.S. Pat. No. 5,583,776, hereby incorporated by
reference may be used. This will allow for patient location
when out of the range of GPS systems and also for rapid
restart upon re-entering the GPS or DGPS fields instead of a
10 minute “cold start” which would otherwise be required.

An additional feature this 1nertial navigation system can
provide 1s to 1nitiate a transmission to the provider system in
the event the patient moves greater than a set distance, say 100
yards. The supplementation of a dead reckoning system
beyond the DGPS or GPS provides for a second source for
checking whether the patient has moved so the device should
function through a GPS outage. Such a system could keep
track of Alzheimer’s patients with minimal supervision, for
example.

Because of 1its current level of accuracy, wherever we can
we would prefer to rely on the data from the modern DGPS
systems for dynamic relative navigation. Examples of sys-
tems currently taught include those described 1n U.S. Pat. No.
5,689,431, and U.S. Pat. No. 5,680,140, and U.S. Pat. No.
5,583,517, all incorporated herein by this reference. Triangu-
lation techniques of U.S. Pat. No. 35,784,339, and spread
spectrum techniques of U.S. Pat. No. 5,583,517, both also
incorporated by reference, may also be used 11 desired.

FI1G. 10 illustrates the method by which the system of FIG.
9 may be called upon to work. In step A, the real time clock 1s
running, until at step B i1t 1s recognized that the real time clock
1s at the next time value of interest, that 1s the next day, hour
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or minute whenever the system needs to check on 1ts location
relative to the last good GPS or DGPS fixation reading. Alter-
natively, whenever the patient system 1s supposed to report in
to the local medical provider system a real time clock setting
can be associated with this step B. In any event, 1n step C, the
processing capability of the system needs to be engaged to do
whatever 1s required.

Step D has the system checking the high accuracy clock for
comparison to the running real time clock 1n the patient local
device or devices, such as the system 104 of FIG. 7, for
example. If the time 1s accurate, then the device can simply
process as normal, otherwise i1t needs to update the real time
clock(s) 1t maintains so as to be able to communicate 1n 1ts
proper time slice within the local provider system.

In Step E, the system on the patient needs to check to see 1f
the time from the properly updated real time clock 1s appro-
priate for 1t to send data, and 11 so, to activate the part of the
system that communicates the data to the medical provider
system. Otherwise 11 the time 15 not right, 1t can go back to
Step A, and let the processor power stay oif until the next
value of interest 1s seen from the real time clock. (A descrip-
tion ol power cycling to save battery life 1s found 1 U.S.
Patent No. 5,592,173, incorporated by this reference, and a
description of use of this in a vehicle location GPS system 1s
in U.S. Pat. No. 5,777,580, also incorporated by this refer-
ence).

For communication between an implanted device and an
externally worn patient device, common telemetry tech-
niques presently used by any pacemaker manufacturer may
be employed, as well as less evident techniques such as 1s
described 1n the Funke Body Bus of U.S. Pat. No. 4,987,897,
or his acoustic bus, 1n U.S. Pat. No. 3,113,859, both incorpo-
rated herein by this reference.

Varnations and modifications to the present invention may
be possible given the above disclosure. Although the present
invention 1s described in conjunction with a microprocessor-
based architecture, 1t will be understood that 1t could be
implemented 1n other technology such as digital logic-based,
custom integrated circuit (IC) architecture, if desired.

While there has been shown what are considered to be the
preferred embodiments of the mvention, 1t will be manifest
that many changes and modifications may be made therein
without departing from the essential spirit of the invention. It
1s intended, therefore, 1n the following claims to cover all such
changes and modifications as may fall within the true scope of
the mnvention.

I claim:

1. A patient monitoring system comprising;:

a transcerver unit to be located in immediate proximity to a
patient’s body for communicating with a device
implanted 1n the patient’s body and with a telephone
system outside the patient’s body,

the transceiver unit comprising,

a GPS location system for receiving satellite transmitted
information from a set of earth orbiting satellites,

an IMD receiving telemetry circuit means for receiving
telemetry from said implanted device,

a memory circuit for storing data relating to data received
from said implanted device and from said earth orbital
satellite,

telecommunications module for communication through
wireless telephonic channels to said telephone system,

real time clock circuit producing an output signal for a real
time clock,

transmission initiation processor for generating an auto-
matic transmission over said telecommunications mod-
ule through said wireless telephonic channels contain-
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ing information related through said implantable device
to said transceiver unit, said automatic transmission to
occur at a set of periodically occurring fixed times, and

real time clock circuit update processor for interpreting
received satellite transmitted information and providing
an update for the real time clock circuit based on said
satellite transmitted information so that said transmis-
s1on 1itiation processor can operate within an extremely
accurately clocked time slice.

2. A patient monitoring and emergency location system
comprising;

a patient monitoring system as set forth in claim 1 and

further comprising;

circuit means for producing a representation of said
recerved satellite information relating the location of
said transcerver unit for presentation to said telecom-
munications module so that said telecommunications
module can transmit said representation of said loca-
tion mformation to location receiving means in an
emergency response system connected to said tele-
phone system.

3. A patient monitoring and emergency location system as
set forth 1in claim 2 said transcerver unit further comprising;

DGPS recerver means for receiving DGPS signals from a
base station, and wherein said circuit means for produc-
ing a representation of said received location informa-
tion for presentation to said telecommunications module
1s configured to also provide DGPS information to said
telecommunications module.

4. A patient monitoring and emergency location system as

set forth in claim 2 said transcerver unit further comprising;
dead reckoning circuit means for determining the relative
location of said transceiver unit over time to any location
at a fixed time during which an acceptable fixed location
of said transceiver unit 1s known, and wherein said cir-
cuit means for producing a representation of said
received location information for presentation to said
telecommunications module 1s configured to also pro-
vide a representation of said dead reckoning information

to said telecommunications module.

5. A patient monitoring and emergency location system as
set forth 1n claim 2, said transcerver unit further comprising;

a distance traveled interpretive processor for receiving an
output from said dead reckoning circuit and determining
a distance traveled therefrom.,

a trigger circuit for triggering the mnitiation of transmission
to said telephone system by said telecommunications
module when the distance traveled interpretive proces-
sor determines a distance traveled 1s greater than a pre-
determined trigger distance value.

6. A patient monitoring and emergency location system as
set forth 1n claim 2 further comprising a processor adapted for
transmitting emergency information from said transceiver
unit to an emergency E911 system.

7. Emergency response system for recerving location infor-
mation from a transceiver unit i proximity to a patient with
an 1mplantable medical device in communication with said
transceiver unit, said emergency response system compris-
Ing;

at least one mobile unit operational on an emergency basis
for receiving location information from said transceiver
umt and having a GPS system and a computer system
therein, such that said mobile unit GPS system produces
data related to a present location of said mobile unit and
makes said data related to said present location of said
mobile unit available to said computer system and said
mobile unit computer system comprises processor
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means for processing said received location information
from said transceiver unit and said data related to the
present location of said mobile unit to produce an indi-
cation of the relative position of said transceiver unit to
said mobile unit, and

a base station for receiving through a telephone system a
current location representation from said transcerver
unit along with status information related to an 1implant-
able device implanted within a patient associated with
said transceiver unit.

8. Method for operation of a transcerver unmit for wearing on

a person having location means and means for communicat-
ing with an implant and with a telephone network comprising:

providing a telemetric communications pathway between
an 1mplanted medical device(IMD) and a patient word
device(PWD) to facilitate the transier from the IMD to
the PWD of data relating to any of the following infor-
mation types: a. Ser. No. or other unique ID data, b.
Patient Condition, ¢. Device status data, d. Device Sen-
sor data, and/or e. coordinating data,

providing a telemetric communications pathway between
an IMD and a PWD to facilitate the transfer from the
PWD to the IMD of data relating to any of the following
information types: a. Commands and /or b. Coordinating
data,

providing a telemetric communications pathway between a
node on a telephone network and said PWD and between
a satellite GPS system and said PWD so as to facilitate
the transier of any of the following mmformation types
from said node and/or said satellite GPS system to said
PWD: a. Command data and/or coordinating data, and

providing a telemetric communications pathway between a
node on a telephone network and said PWD so as to
facilitate the transter of any of the following information
types from said PWD to said node: PWD device data
including any data received by the PWD from the IMD
and/or any sensor data that may be developed and stored
by the PWD and/or PWD status data and/or Dynamic
Relative Reference data from a dead reckoning system
associated with said PWD, and GPS and DGPS which
may be stored by the PWD.

9. A method as set forth 1n claim 8 and further comprising,

determinming when said trancerving unit has traveled a pre-
determined distance and

upon said determination of having traveled said predeter-
mined distance, initiating a telephonic contact to a node
on said telephone network.

10. A method as set forth 1n claim 8 and further comprising:

awaiting a determination of an emergency condition hav-
ing occurred,

then 1nitiating a telephonic contact to at least one node on
said telephone network when as emergency condition
has arisen.

11. A method as set forth 1n claim 10 and further compris-

ng:

sending coded data regarding-the nature of the emergency

to said at least one node.
12. A method as set forth 1n claim 10 and further compris-

ng:

sending location data regarding the location of the PWD to
said at least one node.

13. A method as set forth 1n claim 8 and further comprising:

awaiting a determination of an emergency condition hav-
ing occurred,

then mitiating a telephonic contact to an emergency system
including a system of the two systems, standard emer-
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gency system and/or to an E-911 system, on said tele-
phone network when as emergency condition has arisen.

14. A method as set forth 1n claim 3 and further comprising:

sending coded data regarding nature of the emergency to
said emergency system.

15. A method as set forth 1n claim 13 and further compris-

ng:

sending location data regarding the location of the PWD to
said emergency system.

16. A method as set forth 1n claim 8 and further comprising

providing a real time clock system and a clock updating
system for correcting the value of real time clock infor-
mation based on satellite signals to said transceiver unit,

automatically using the corrected real time clock values to
trigger an automatic turn on a communication between
saild PWD and a node 1n a narrow time slice, and

reporting to said node by said PWD some or all data facili-
tated for transier on that communications pathway.

17. A method as set forth in claim 16 further comprising,

receiving command data from said node by said PWD
during an additional narrow time slice.

18. A method as set forth in claim 17 further comprising,

transmitting a representation of said command data to said
IMD from said PWD.

19. A method as set forth in claim 18 further comprising;

receiving said representation of said command data 1n said
IMD,

programming the IMD based on said representation of said

command data.

[20. A method of monitoring a patient having a transceiver
associated therewith and an implanted medical device 1n
communication with said transcerver comprising;

monitoring GPS and DGPS location data by said trans-

celver,

interpreting said location data by said transceiver and

if said location data interpreted by said transceiver indi-

cates the patient transceiver 1s outside a predetermined
area,

initiating a telephone call by said transceiver to a telephone

node on a telephone network, indicating the present
location of said transceiver.]

21. A method of monitoring a patient having a transceiver
associated therewith and an implanted medical device 1n
communication with said transcerver comprising;

receiving a command via a medical support network com-

municatively coupled to said transceiver,
monitoring said implanted medical device in accovdance
with said command, including monitoring the implanted
medical device for an alarm condition associated with
either a lack of signal over a predetermined period of
time or [for] an alarm signal generated by said implanted
medical device; and
if either said alarm s1gnal 1s received or 11 said lack of signal
exists over said predetermined period of time,

automatically mitiating an emergency telephone call by
said transceiver to a node on a telephone network 1ndi-
cating [an] said alarm condition to said node.
22. A method of operating an emergency patient location
system comprising,
providing said system with patients having implanted
medical devices and transceiver units for monitoring
communications from said implanted medical devices,

providing said transcerver units with means to recerve GPS
data and to store said GPS data,

providing said transceiver units with telecommunications

equipment,
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awaiting the development of emergency conditions to be
reported by said transcerver units to said system across
telephonic communications pathways,

dispatching emergency mobile units having receiver
means tuned to recerve signals from said transcerver unit
reporting said emergency condition,

reporting from said transceiver unit location information,

receving said location information 1 said emergency
mobile unit and

employing said location information by said emergency
mobile unit to locate the patient having the reported
cmergency.

23. Method as set forth in claim 22 further comprising
continuously transmitting a signal by said transceiver unit
alter reporting said emergency condition and wherein said
employing step includes triangulation on a signal transmitted
by said transcerver umt after said transceiver unit initially
reports said emergency condition.

24. Method as set forth m claim 22 wherein said location
information transmitted by said transceirver umt includes
DGPS information.

25. Method as set forth 1n claim 22 wherein said location
information transmitted by said transcerver unit includes dead
reckoning imnformation.

26. A system for communicating with a medical clinic
implanted 1n an ambulatory patient and for locating the
patient to selectively monitor the functions of the medical
clinic and provide assistance to and communications with the
patient, the system comprising:

an 1mplanted device telemetry transceiver within the
implanted medical climic for communicating data and
operating instructions to and from the medical device,
the implanted medical device telemetry transcerver hav-
ing a transceiving range extending outside the patient’s
body, a distance sufficient to receive and transmit such
telemetered communication;

a communications network interface means coupled to a
system controller and a communications means for
selectively enabling to transmit positioning data to a
medical support network and for selectively receiving
commands from the medical support network wherein
an 1mplantable wireless interface including a real time
clock and a system for updating said real time clock
based on accurate time clock information in signals
received from a global positioning system 1s integrated
therewith;

dead reckoming circuit means for determining the relative
location of said transceiver over time to any location at a
fixed time during which an acceptable fixed location of
said transceiver 1s known, and wherein a circuit means
for producing a representation of receirved location
information for presentation to a telecommunications
module 1s configured to also provide a representation of
said dead reckoning information to said telecommuni-
cations module; and

a distance traveled interpretive processor for receving an
output from said dead reckoning circuit and determining,
a distance traveled therefrom:

a trigger circuit for triggering the iitiation of transmission
to a telephone system by said telecommunications mod-
ule including said communications means when the dis-
tance traveled interpretive processor determines a dis-
tance traveled 1s greater than a predetermined trigger
distance value.

27. The method of claim 21, further including program-

ming said implanted medical device in accordance with said
command.
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28. The method of claim 27, wherein programming said 49. The method of claim 21, wherein automatically initiat-
implanted medical device includes altering an operating ing an emergency telephone call by said transceiver com-
mode of said implanted medical device. prises the step of initiating the emergency telephone call over

29. The method of claim 28, wherein altering an operating a cellular telephone network.
mode includes altering a pacing mode of said implanted 5 50. The method of claim 21, wherein automatically initiat-

medical device. ing an emergency telephone call by said transceiver com-

30. The method of claim 27, wherein programming said prises the step of initiating the emergency telephone call over
implanted medical device includes altering a parameter of  a covdless telephone network.
said implanted medical device. 51. The method of claim 21, further comprising sending an

31. The method of claim 21, whevein said command is an 10 email message to a medical networtk.
encoded command. 52. The method of claim 21, further comprising vecharging

32. The method of claim 21, further including: a battery within a monitoring device that monitors the

generating, via said implanted medical device, patient implanted medical device.

data; and 53. The method of claim 21, further comprising monitoring
transmitting said patient data to said medical support net- 15 the implanted medical device vesponsive to a command initi-
work in accovdance with said command. ated by a patient.

33. The method of claim 32, wherein transmitting said 54. The method of claim 21, wherein the command causes
patient data is performed periodically in accovdance with at least one of a clock or timer to be at least one of adjusted or
said command. reprogrammed.

34. The method of claim 21, further including configuring 20  55. A method of monitoring a patient having a transceiver
said transceiver in accovdance with said command, wherein associated therewith and an implanted medical device in
said command specifies whether said transceiver is to initiate communication with the transceiver comprising:
said emergency telephone call in vesponse to said alarm receiving a command via a medical support network com-
condition. municatively coupled to the transceiver;

35. The method of claim 21, further including specifving 25  monitoring the implanted medical device in accovdance
said predetermined period of time within said command. with the command, including monitoring the implanted

36. The method of claim 21, further including specifving medical device for an alarm condition associated with
said alarm signal within said command. either a lack of signal over a predetermined period of

37. The method of claim 21, wherein monitoring said time or an alarm signal generated by the implanted
implanted medical device further comprises the step of dis- 30 medical device; and
plaving information to the patient. if either the alarm signal is received or if the lack of signal

38. The method of claim 37, wherein monitoring said exists over the predetermined period of time,
implanted medical device further comprises rveceiving infor- automatically initiating an emergency telephone call by
mation from the patient via a patient activator. the transceiver to a node on a telephone network indi-

39. The method of claim 21, wherein monitoring said 35 cating the alarm condition to the node and transmitting
implanted medical device further comprises monitoring said patient data to a medical networtk.
implanted medical device via a monitor worn by the patient. 56. The method of claim 55, wherein transmitting patient

40. The method of claim 39, wherein monitoring said data to the medical network includes transmitting stored
implanted medical device further comprises monitoring said ECG histograms of patient data to the medical network
implanted medical device via the monitor worn by the patient 40  57. The method of claim 55, wherein transmitting patient
in one of a wrist-worn, belt worn or pocket carried monitor data to the medical network includes transmitting marker
device. channel information to the medical network.

41. The method of claim 21, wherein monitoring said 58. The method of claim 55, wherein transmitting patient
implanted medical device further comprises monitoring said data to the medical network includes transmitting real-time
implanted medical device via a monitor positioned within 45 ECG data of the patient to the medical network.
communication range of the implanted medical device. 59. The method of claim 55, wherein transmitting patient

42. The method of claim 41, wherein monitoring said data to the medical network includes transmitting measured
implanted medical device further comprises monitoring said physical parameters of the patient to the medical network.
implanted medical device via the monitor positioned within 60. The method of claim 55, wherein automatically initiat-
communication range of the implanted medical device near 50 ing the emergency telephone call by the transceiver com-
whevre the patient sleeps. prises initiating the emervgency telephone call over a hard-

43. The method of claim 21, further comprising transmit- wired phone line coupled to the telephone network.
ting patient data to a medical networtk. 61. The method of claim 55, wherein automatically initiat-

44. The method of claim 21, further comprising transmit- ing the emergency telephone call by the transceiver com-
ting stored ECG histograms of patient data to a medical 55 prises initiating the emervgency telephone call over a cellular
network. telephone network.

45. The method of claim 44, further comprising transmit- 62. The method of claim 355, wherein transmitting the
ting marker channel information to the medical network. patient data is performed periodically in accordance with the

46. The method of claim 21, further comprising transmit- command.
ting real-time ECG data of the patient to a medical network. 60  63. A method of monitoring a patient having a transceiver

47. The method of claim 21, further comprising transmit- associated therewith and an implanted medical device in
ting measured physical parameters of the patient to a medical communication with the transceiver comprising:
network. receiving a command via a medical support network com-

48. The method of claim 21, wherein automatically initiat- municatively coupled to the transceiver;
ing an emergency telephone call by said transceiver com- 65  monitoring said implanted medical device in accordance
prises initiating the emervgency telephone call over a hard- with the command or vesponsive to a patient activated

wired phone line coupled to a telephone network. command, including monitoring the implanted medical
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device for an alarm condition associated with either a
lack of signal over a predetermined period of time or an
alarm signal genervated by the implanted medical
device; and

if either the alarm signal is received ov if said lack of signal
exists over the predetermined period of time,

automatically initiating an emergency telephone call by
said transceiver to a node on a telephone network indi-
cating the alarm condition to said node and transmitting
patient data to a medical networtk.

64. The method of claim 63, wherein transmitting patient
data to the medical network includes transmitting stored

ECG histograms of patient data to the medical network.

65. The method of claim 63, wherein transmitting patient
data to the medical network includes transmitting marker
channel information to the medical network.

28

66. The method of claim 63, wherein transmitting patient
data to the medical network includes transmitting rveal-time
ECG data of the patient to the medical network.

67. The method of claim 63, wherein transmitting patient

5 data to the medical network includes transmitting measured
physical parameters of the patient to the medical network.

68. The method of claim 63, wherein automatically initiat-
ing the emergency telephone call by the transceiver com-
prises initiating the emergency telephone call over a hard-
wired phone line in coupled to the telephone networtk.

69. The method of claim 63, wherein automatically initiat-
ing the emergency telephone call by the transceiver com-
prises initiating the emergency telephone call over a cellular
telephone network.

70. The method of claim 63, wherein transmitting the
15 patient data is performed periodically in accordance with the

command.
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