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(57) ABSTRACT 

An implanted medical device (eg infusion pump) and an 
external device communicate With one another via telemetry 
messages that are receivable only during Windows or listen 
ing periods. Each listening period is open for a prescribed 
period of time and is spaced from successive listening 
periods by an interval. The prescribed period of time is 
typically kept small to minimize poWer consumption. To 
increase likelihood of successful communication, the Win 
doW may be forced to an open state, by use of an attention 
signal, in anticipation of an incoming message. To further 
minimize poWer consumption, it is desirable to minimize 
use of extended attention signals, Which is accomplished by 
the transmitter maintaining an estimate of listening period 
start times and attempting to send messages only during 
listening periods. In the communication device, the estimate 
is updated as a result of information obtained With the 
reception of each message from the medical device. 

16 Claims, 5 Drawing Sheets 
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AMBULATORY MEDICAL APPARATUS AND 
METHOD USING A TELEMETRY SYSTEM 

WITH PREDEFINED RECEPTION 
LISTENING PERIODS 

RELATED APPLICATIONS 

This application claims the bene?t of prior ?led US. 
Provisional Patent Application No. 60/177,414; ?led Jan. 
21, 2000, by Ronald J. Lebel, et al., and entitled “Medical 
Apparatus and Method Including an Implantable Device and 
an External Communication Device”. The entirety of this 
provisional application is hereby incorporated herein by this 
reference, including appendices ?led thereWith and any 
references incorporated therein by reference, as if set forth 
in full herein. 

FIELD OF THE DISCLOSURE 

This invention relates generally to ambulatory medical 
systems that include a medical device and a control device 
that communicate via telemetry and that initiate message 
reception during prede?ned listening periods. Preferred 
embodiments relate to implantable infusion pumps and 
external devices for communicating thereWith. 

BACKGROUND 

Various ambulatory medical devices have been proposed 
and a number of such devices are commercially available. 
These devices include, for example, implantable infusion 
pumps, externally carried infusion pumps, implantable 
pacemakers, implantable de?brillators, implantable neural 
stimulators, implantable physiological sensors, externally 
carried physiologic sensors, and the like. 
As appropriate operation of ambulatory medical devices 

may be critical to those patients being treated using those 
devices, and as telemetry communications betWeen ambu 
latory medical devices and controllers can greatly enhance 
the convenience of using such devices, or even be an 
enabling necessity to the use of such devices (eg implant 
able devices With sophisticated functionality), the operation 
of such medical devices can bene?t signi?cantly by use of 
telemetry systems and protocols that have features/elements 
that lead to optimiZation of various attributes. Such 
attributes may include (1) ?exibility in communicating the 
Wide variety signals that may be useful to controlling and 
retrieving information from a sophisticated medical device, 
(2) robustness in distinguishing actual signals from noise, 
(3) robustness in distinguishing valid signals from corrupt 
signals, (4) robustness in ascertaining When appropriate 
communication has occurred and When additional commu 
nication must be attempted, (5) a reasonable ef?ciency in 
communication time, and/or (6) a reasonable ef?ciency in 
electrical poWer consumption associated With conveying 
information over the telemetry system. 

Implantable medical devices typically operate by battery 
poWer. The batteries may or may not be rechargeable. 
Higher consumption of poWer from an implantable medical 
device containing non-rechargeable batteries leads to a 
shortening of the usable life of the device and an associated 
increased frequency of surgery, potential pain, recovery, and 
inconvenience. Higher consumption of poWer from an 
implantable medical device containing rechargeable batter 
ies leads to more frequent charging periods for the batteries 
and associated inconvenience and may lead to an overall 
shortening of the usable life of the device. As such, Whether 
or not an implantable medical device contains rechargeable 
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2 
batteries or non-rechargeable batteries, it is desirable to 
loWer the poWer consumption of the device. As telemetry 
reception and transmission are highly energy consumptive, 
it is desirable to minimiZe the operation time of telemetry 
reception and transmission modules. 

Atelemetry reception module of a ?rst device needs to (1) 
be poWered to listen for potential incoming messages from 
a second device, (2) stay poWered during the entire receipt 
of the message, and (3) potentially be poWered one or more 
repeated times to receive a duplicate message When the 
second device is expecting a response to its original message 
and does not receive one. A telemetry transmission module 
of a ?rst device needs to (1) be poWered so it can transmit 
a desired message to a second device, and (2) potentially be 
poWered one or more times to retransmit a duplicate mes 
sage When the ?rst device fails to receive con?rmation that 
original message Was received by the second device. 
Aneed exists in the ?eld for improved telemetry features/ 

elements that tend to minimiZe one or both of poWer on time 
for telemetry reception modules and/or telemetry transmis 
sion modules to reduce poWer drain on batteries used in 
poWering ambulatory medical devices and communicators. 
A need exists in the ?eld to ensure that device users are not 
inconvenienced With long delay times that may be associ 
ated With inputting information into the communication 
device, transmitting information via telemetry to the medical 
device, and Waiting for con?rmation that the transmitted 
information Was appropriately received and is Was or Will be 
appropriately acted upon. 

SUMMARY OF THE INVENTION 

It is a ?rst object of certain aspects of the invention to 
reduce poWer consumption in an ambulatory medical system 
associated With receiving messages via telemetry. 

It is a second object of certain aspects of the invention to 
reduce poWer consumption in an ambulatory medical system 
associated With transmitting messages via telemetry. 

It is a third object of certain aspects of the invention to 
shift poWer consumption burdens associated With telemetry 
activities aWay from an implantable medical device to an 
external communication device. 

It is a fourth object of certain aspects of the invention to 
achieve enhanced synchroniZation betWeen timers in the 
medical device and in the communication device than is 
inherently achieved based on frequency oscillation tolerance 
differences alloWed in the principle oscillators used in the 
tWo devices. 

Other objects and advantages of various aspects of the 
invention Will be apparent to those of skill in the art upon 
revieW of the teachings herein. The various aspects of the 
invention set forth beloW as Well as other aspects of the 
invention not speci?cally set forth beloW but ascertained 
from the teachings found herein, may address the above 
noted objects or other objects ascertained from the teachings 
herein individually or in various combinations. As such, it is 
intended that each aspect of the invention address at least 
one of the above noted objects or address some other object 
that Will be apparent to one of skill in the art from a revieW 
of the teachings herein. It is not intended that all, or even a 
portion of these objects, necessarily be addressed by any 
single aspect of the invention even though that may be the 
case With regard to some aspects. 

It is a ?rst aspect of the invention to provide a medical 
system that includes (a) an ambulatory medical device (MD) 
that includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
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MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein the CD telemetry system listens during preselected 
outbound listening periods for at least a selected type of 
message from the MD telemetry system. 

In a speci?c variation of the ?rst aspect of the invention, 
the medical device is capable of initiating communication 
With the communication during outbound listening periods, 
and the communication device additionally includes (a) a 
CD clock system; (b) CD monitoring system that monitors 
a CD time, based on the CD clock system, that corresponds 
to a selected portion of a message received by the CD 
telemetry system from the MD telemetry system; and (c) a 
CD control system for effectively comparing the CD time to 
an anticipated outbound transmission start time by the MD 
telemetry system for that selected portion of the message to 
adaptively adjust a subsequent outbound listening period 
based, at least in part, on the comparison of the CD time to 
the anticipated outbound transmission start time. 

In another variation of the ?rst aspect of the invention, the 
MD telemetry system activates a WindoW for receiving 
messages from the CD telemetry system during prescribed 
inbound listening periods and Wherein successive prescribed 
inbound listening periods are separated by a smaller interval 
than an interval that separates successive outbound listening 
periods. 
A second aspect of the invention provides a medical 

system that includes (a) an ambulatory medical device (MD) 
that includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein the CD telemetry system does not send out a 
message as the message is generated but instead delays the 
sending out of a message until a neXt prescribed inbound 
transmission start time occurs. 

Athird aspect of the invention provides a medical system 
that includes (a) an ambulatory medical device (MD) that 
includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
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4 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein the MD telemetry system listens for any messages 
coming from the CD telemetry system beginning at pre 
scribed inbound listening start times for prescribed inbound 
listening periods. 

In a speci?c variation of the third aspect of the invention, 
the communication device attempts to anticipate the pre 
scribed inbound listening periods and sets inbound trans 
mission start times to correspond to the anticipated pre 
scribed inbound listening periods. 

In another speci?c variation of the third aspect of the 
invention, the prescribed inbound listening start times and 
prescribed inbound listening periods are determined and 
activated automatically Without microprocessor interven 
tion. 
A fourth aspect of the invention provides a medical 

system that includes (a) an ambulatory medical device (MD) 
that includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein the MD telemetry system and the CD telemetry 
send and receive messages using digital modulation and 
demodulation. 

In a speci?c variation of the eleventh aspect of the 
invention the digital modulation and demodulation uses 
spread spectrum technology. 

In another speci?c variation of the eleventh aspect of the 
invention, the MD telemetry system includes (1) a digital 
modulator, (2) a receiving ampli?er, (3) a digital receiver, 
(4) a miXer, and (5) a loW pass ?lter Wherein at least tWo of 
(1)—(5) are combined into a single integrated circuit or 
Where all of (1)—(5) are combined into no more than tWo 
integrated circuits. 
A ?fth aspect of the invention provides a medical system 

that includes (a) an ambulatory medical device (MD) that 
includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein at least one of the communication device or the 
medical device sets a preamble length, for at least some 
messages, as a function of at least the difference betWeen a 
present time and a time of a previous communication. 

In a speci?c variation of the ?fth aspect of the invention, 
the estimated listening time is based, at least in part, on a 
time difference betWeen the present time and a time of a 
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previously received message. In a further variation, the 
communication device derives the estimate. In still a further 
variation a transmission time is based, at least in part, on a 
prede?ned desired transmission time as modi?ed by an 
estimated amount of drift that may have occurred betWeen a 
time base used by the medical device and a time base used 
by the communication device 

AsiXth aspect of the invention provides a medical system 
that includes (a) an ambulatory medical device (MD) that 
includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein at least one of the communication device or the 
medical device determines an estimated listening time for 
the other of the communication device or the medical device 
and sets a transmission start time as a function of the 
estimated listening time. 
A seventh aspect of the invention provides a medical 

system that includes (a) an ambulatory medical device (MD) 
that includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein the medical device or the communication device 
comprises an oscillator circuit that produces a pulse stream 
that oscillates at an initial frequency that is greater than a 
desired frequency and Wherein signals from the oscillator 
circuit are passed through circuitry that removes selected 
pulses from an input pulse stream such that a modi?ed 
oscillator signal is produced having a modi?ed pulse stream 
that oscillates With an average frequency closer to a desired 
frequency than the initial frequency. 

In a speci?c variation of the seventh aspect of the 
invention, the circuitry comprises a counter that repetitively 
counts to a ?rst prede?ned value and then removes a pulse 
from the initial pulse stream to produce the modi?ed pulse 
stream. In a further variation, a timing signal is generated 
from the modi?ed pulse stream by utiliZation of a counter 
that counts to a second prede?ned value and then outputs a 
pulse. In a further variation, the ?rst prede?ned value is 
de?ned by softWare. In still a further variation, the ?rst 
prede?ned value is subject to modi?cation during a normal 
course of operation of the medical system. In still a further 
variation, the modi?cation of the ?rst prede?ned value 
causes the modi?ed pulse stream to oscillate at a frequency 
closer to the desired frequency than it otherWise Would if it 
remained unchanged. In still a further variation the modi? 
cation of the ?rst prede?ned value is at least in part based on 
a temperature of the oscillator circuit. 
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6 
An eighth aspect of the invention provides a medical 

system that includes (a) an ambulatory medical device (MD) 
that includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein at least one of the medical device or the commu 
nication device periodically adjusts a concept of time to 
match at least in part a concept of time in the other of the 
communication device or the medical device. 

In a speci?c variation of the eighth aspect of the 
invention, the concepts of time of the medical device and the 
communication device are used by each for controlling, at 
least in part, telemetry operations of the medical device and 
communication device, respectively. 

In another speci?c variation of the eighth aspect of the 
invention, a ?rst of the communication device or the medical 
device adjusts a ?rst concept of time to match that of the 
second of the communication device or medical device, 
While the second of the medical device or the communica 
tion device matches a second concept of time to that of the 
?rst of the communication device or medical device. 
A ninth aspect of the invention provides a medical system 

that includes (a) an ambulatory medical device (MD) that 
includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein the communication device further comprises a CD 
timing module, a CD crystal oscillator, and at least one CD 
temperature transducer, and Wherein the CD timing module 
uses at least the CD temperature transducer in combination 
With knoWn properties of the CD crystal oscillator to modify 
a rate of tracking of time by the CD timing module. 

In a speci?c variation of the ninth aspect of the invention, 
he modi?ed time is used in transmitting messages to the 
medical device. In a further variation, the medical device 
listens only part of the time for incoming messages from the 
CD telemetry system or transmits unsolicited messages to 
the communication device only at selected times, and the 
communication device estimates the medical device’s 
inbound listening times or potential outbound transmission 
times based, at least in part, upon at least one temperature 
measurement made since a last message Was exchanged 
betWeen the medical device and the communication device 
in combination With knoWn variations in crystal oscillation 
frequency With temperature. 

Atenth aspect of the invention provides a medical system 
that includes (a) an ambulatory medical device (MD) that 
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includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein the medical device further comprises an MD timing 
module, an MD crystal oscillator, and at least one MD 
temperature transducer, and Wherein the MD timing module 
uses at least the MD temperature transducer in combination 
With knoWn properties of the MD crystal oscillator to 
modify a rate of tracking of time by the MD timing module. 
An eleventh aspect of the invention provides a medical 

system that includes (a) an ambulatory medical device (MD) 
that includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein the MD telemetry system is activated to enable 
reception or transmission of messages only a portion of the 
time. 
A tWelfth aspect of the invention provides a medical 

system that includes (a) an ambulatory medical device (MD) 
that includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein the medical device sends out unsolicited messages 
to the communication device. 
A thirteenth aspect of the invention provides a medical 

system that includes (a) an ambulatory medical device (MD) 
that includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
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device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein the medical device sends outbound messages to the 
communication device and the communication device 
receives outbound messages from the medical device; 
Wherein the medical device receives inbound messages from 
the communication device and the communication device 
sends inbound messages to the medical device; Wherein the 
medical device listens for inbound messages beginning at an 
inbound listening start time and continuing for an inbound 
listening period; Wherein the communication device listens 
for outbound messages beginning at an outbound listening 
start time and continuing for an outbound listening period; 
Wherein the medical device transmits outbound messages 
beginning at an outbound transmission start time and con 
tinues transmission of a selected portion of the outbound 
messages for an outbound transmission period; Wherein the 
communication device transmits inbound messages begin 
ning at an inbound transmission start time and continues 
transmission of a selected portion of the inbound messages 
for an inbound transmission period; Wherein an interval 
exists betWeen successive inbound listening periods; 
Wherein an interval exists betWeen successive outbound 
listening periods; and Wherein at least a selected one of (1) 
or (2) occurs: (1) at least one of the inbound transmission 
period or the outbound transmission period is extended after 
a failure to communicate occurs; or (2) at least one of the 
inbound transmission start times or outbound transmission 
start times undergoes a shift relative to an anticipated 
inbound listening start time or an anticipated outbound 
listening start time, respectively; and Wherein after one or 
more extensions and/or one or more shifts, all portions of the 
interval betWeen successive inbound or outbound listening 
periods Would be broadcast to during inbound transmission 
periods or outbound transmission periods, respectively. 
A fourteenth aspect of the invention provides a medical 

system that includes (a) an ambulatory medical device (MD) 
that includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein at least one of the MD telemetry system or the CD 
telemetry system is con?gured to establish frame synchro 
niZation and to con?rm that a message is intended speci? 
cally for the medical device or the communication device, 
respectively, by con?rming receipt of a prede?ned identi?er. 
A ?fteenth aspect of the invention provides a medical 

system that includes (a) an ambulatory medical device (MD) 
that includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
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telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein a timing associated With a transmission of a mes 
sage or reception of a message, by one of the medical device 
or the communication device is based, at least in part, on an 
estimate of the amount of drift in time that has occurred 
betWeen a present time and a time of a previous synchro 
niZation of a timer in the medical device and a timer in the 
communication device. 
A sixteenth aspect of the invention provides a medical 

system that includes (a) an ambulatory medical device (MD) 
that includes MD electronic control circuitry that further 
includes at least one MD telemetry system and at least one 
MD processor that controls, at least in part, operation of the 
MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a 
treatment to a body of a patient or to monitor a selected state 
of the body; and (b) a communication device (CD) that 
includes CD electronic control circuitry that further includes 
at least one CD telemetry system and at least one CD 
processor that controls, at least in part, operation of the CD 
telemetry system and operation of the communication 
device, Wherein the CD telemetry system sends messages to 
or receives messages from the MD telemetry system, 
Wherein the MD telemetry system does not send out a 
message as the message is generated but instead delays the 
sending out of a message until a next prescribed outbound 
transmission start time occurs. 

Additional speci?c variations, provide the medical 
devices of each of the above aspects and above noted 
variations as implantable devices such as implantable infu 
sion pumps, implantable physiological sensors, implantable 
stimulators, and the like, or external devices such subcuta 
neous delivery infusion pumps or sensors that ascertain a 
physiological parameter or parameters from subcutaneous 
tissue or from the skin of the patient. Such infusion pumps 
may dispense insulin, analgesics, neurological drugs, drugs 
for treating AIDS, drugs for treating chronic ailments or 
acute ailments. Sensors may be used to detect various 
physiological parameters such as hormone levels, insulin, 
pH, oxygen, other blood chemical constituent levels, and the 
like. The sensor may be of the electrochemical type, optical 
type, and may or may not be enZymatic in operation. 

In even further variations of the above noted aspects, and 
above noted variations, one or more of the folloWing is 
provided: (1) a ?rst portion of the MD telemetry system is 
incorporated into the MD processor and a second portion of 
the MD telemetry system is external to the MD processor, 
(2) a ?rst portion of the CD telemetry system is incorporated 
into the CD processor and a second portion of the CD 
telemetry system is external to the CD processor, (3) the MD 
processor includes an MD central processing unit and at 
least one other MD functional module, (4) the CD processor 
includes a CD central processing unit and at least one other 
CD functional module, (5) the MD electronic control cir 
cuitry includes at least one external MD functional module, 
other than a portion of the MD telemetry system, that is 
external to the MD processor, or (6) the CD electronic 
control circuitry includes at least one external CD functional 
module, other than a portion of the CD telemetry system, 
that is external to the CD processor. 

Still additional aspects of the invention provide method 
counterparts to the above system aspects as Well as to other 
functional associations and relationships, and processes that 
have not been speci?cally set forth above but Will be 
understood by those of skill in the art from a revieW of the 
teachings provided herein. 
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Further aspects of the invention Will be understood by 

those of skill in the art upon revieWing the teachings herein. 
These other aspects of the invention may provide various 
combinations of the aspects presented above as Well as 
provide other con?gurations, structures, functional 
relationships, and processes that have not been speci?cally 
set forth above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above referred to objects and aspects of the present 
invention Will be further understood from a revieW of the 
description to folloW, the accompanying draWings, and the 
claims set forth hereafter, Wherein: 

FIG. 1a depicts a perspective vieW of the main body of the 
implantable device of the ?rst preferred embodiment; 

FIG. 1b depicts a perspective vieW of the support and 
catheter assembly that attaches to the main body of the 
implantable device of the ?rst preferred embodiment; 

FIG. 2 depicts a perspective vieW of the external com 
munication device of the ?rst preferred embodiment; 

FIG. 3 depicts a block diagram of the main components/ 
modules of both the implantable device and the external 
communication device of the ?rst preferred embodiment; 

FIG. 4a depicts a block diagram of components that may 
be used in a pulse stealing device as is used by both the 
implantable device and the external communication device 
of the ?rst preferred embodiment; 

FIG. 4b depicts an example of the differences betWeen a 
pulse stolen chain and a non-pulse stolen chain; and 

FIG. 5 depicts a block diagram of a time synchroniZation 
module that is used in the ?rst preferred embodiment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Various details about the structural and functional con 
?guration and operation of preferred ambulatory medical 
devices and preferred communication devices are found in 
several US. patent applications ?eld concurrently hereWith 
and incorporated herein by reference in their entireties: (1) 
US. Ser. No. 09/768,045, (2) US. Ser. No. 09/768,202, (3) 
US. Ser. No. 09/768,198, (4) US. Ser. No. 09/768,207, and 
(5) US. Ser. No. 09/768,221. 
US. patent application Ser. No. 09/768,045, ?led on Jan. 

22, 2001 (concurrently hereWith), by StarkWeather, et al., 
entitled “Ambulatory Medical Apparatus and Method Hav 
ing Telemetry Modi?able Control SoftWare”, corresponding 
to Medical Research Group, Inc. Docket No. USP-1075-A is 
hereby incorporated herein by this reference as if set forth in 
?ll herein. This application provides teachings concerning 
an implantable medical device (eg infusion pump) and 
handheld communication device Wherein the implantable 
device is capable of operating under control of different 
softWare programs, Wherein a ?rst program operates after 
resetting the implantable device and is not capable of 
alloWing signi?cant medical functionality but is capable of 
selected telemetry operations including telemetry operations 
that alloW replacement softWare to be doWnloaded, and 
Wherein a second program may be caused to take control of 
the device and enables medical functionality and selected 
telemetry operations but is incapable of receiving replace 
ment softWare. It is also taught that a softWare image may be 
received in multiple messages Where each message is pro 
vided With its oWn validation code and Wherein a validation 
code for the Whole image is provided and Wherein each 
provided validation code must compared to a derived vali 
dation code prior to accepting the validity of the replacement 
softWare. 
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US. patent application Ser. No. 09/768,202, ?led on Jan. 
22, 2001 (concurrently herewith), by Lebel, et at, entitled 
“Ambulatory Medical Apparatus and Method Using a 
Robust Communication Protocol”, corresponding to Medi 
cal Research Group, Inc. Docket No. USP-1076-A, is hereby 
incorporated herein by the references as if set forth in full 
herein. An implanted medical device (eg infusion pump) 
and external device communicate With one another via 
telemetry Wherein messages are transmitted under a robust 
communication protocol. The communication protocol gives 
enhanced assurance concerning the integrity of messages 
that impact medical operations of the implantable device. 
Messages are transmitted using a multipart format that 
includes a preamble, a frame sync, a telemetry ID, data, and 
a validation code. The data portion of the message includes 
an op-code that dictates various other elements that form 
part of the message. The data portion may also include 
additional elements such as sequence numbers, bolus 
numbers, and duplicate data elements. Atelemetry ID for the 
transmitting device may be implicitly embedded in the 
message as part of the validation code that is sent With the 
message and that must be pre-knoWn by the receiver to 
con?rm the integrity of the received message. 
US. patent application Ser. No. 09/768,198, ?led on Jan. 

22, 2001 (coneurrently hereWith), by Lebel, et al., entitled 
“Ambulatory Medical Apparatus With Hand Held Commu 
nication Device”, corresponding to Medical Research 
Group, Inc. Docket No. USP-1078-A, is hereby incorporated 
herein by this reference as if set forth in full herein. This 
application provides teachings concerning an implantable 
medical device (eg infusion pump) and handheld commu 
nication device (CD) that exchange messages via telemetry 
such that commands are supplied to the implantable device 
and operational information is obtained therefrom. The CD 
is controlled, at least in part, by a processor IC according to 
a softWare program operating therein and provides feedback 
to a user via a visual display, an audio alarm, and a 
vibrational sierra, and alloWs input from the user via a touch 
sensitive keypad. Certain input functions are restricted by 
passWord. The visual display includes an icon and ?xed 
element display region and a bitmap display region. The 
?xed element display region includes time and date displays, 
battery and drug level displays that decrement, and a moving 
delivery state display. Various screens alloW operation or log 
information to be displayed and/or user entry of commands. 
Program features When disabled are removed from a series 
of screen options that can be scrolled through. 
US. patent application Ser. No. 09/768,207, ?ied on Jan. 

22, 2001 (concurrently hereWith), by StarkWeather, et at, 
entitled “Method and Apparatus for Communicating 
BetWeen an Ambulatory Medical Device and Control 
Device Via Telemetry Using RandomiZed Data”, corre 
sponding to Medical Research Group, Inc. Docket No. 
USP-1079-A, is hereby incorporated herein by this reference 
as if set forth in full herein. This application provides 
teachings concerning an implantable medical device (e.g, 
infusion pump) and handheld communication device that 
communicate With one another via telemetry Wherein trans 
mitted messages have enhanced numbers of and/or regular 
ity of bit transitions to minimiZe the risk of synchroniZation 
loss betWeen transmitted bits of data and received bits of 
data. It is taught that bit transitions for portions of messages 
may be enhanced by applying a pseudo-randomization 
scheme to those portions of messages that are transmitted in 
a Way that alloWs the receiver to extract the original data 
from the received randomiZed data. Preferred randomiZation 
techniques modify (i.e. randomiZe) the data using a CRC 
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value that is being accumulated While simultaneously caus 
ing the modi?ed data to modify subsequent accumulation of 
the CRC itself Upon reception, the reversal of data random 
iZation is then made to occur so that the intended message 
is appropriately received. 
US. patent application Ser. No. 09/768,221, ?led on Jan. 

22, 2001 (concurrently hereWith), by Lebel, et al., entitled 
“Microprocessor Controlled Ambulatory Medical Apparatus 
With Hand Held Communication Device”, corresponding to 
Medical Research Group, Inc. Docket No. USP-1080-A, is 
hereby incorporated herein by this reference as if set forth in 
full herein. This application provides teachings concerning 
an implantable medical device (eg infusion pump) and 
handheld communication device, Wherein an implantable 
infusion pump possesses operational functionality that is, at 
least in part, controlled by softWare operating in tWo pro 
cessor ICs Which are con?gured to perform some different 
and some duplicate functions. The pump exchanges mes 
sages With the external communication device via telemetry. 
Each processor controls a different part of the drug infusion 
mechanism such that both processors must agree on the 
appropriateness of drug delivery for infusion to occur. 
Delivery accumulators are incremented and decremented 
With delivery requests and With deliveries made. When 
accumulated amounts reach or exceed, quantiZed deliverable 
amounts, infusion is made to occur. The accumulators are 
capable of being incremented by tWo or more independent 
types of delivery requests. Operational modes of the infu 
sion device are changed automatically in vieW of various 
system errors that are trapped, various system alarm condi 
tions that are detected, and When excess periods of time 
lapse betWeen pump and external device interactions. 
The ?rst embodiment of the present invention provides a 

long term implantable medical delivery system that control 
lably supplies insulin to the body of a patient afflicted With 
diabetes mellitus. This embodiment includes an implantable 
medical device and an external communication device. In 
the most preferred embodiments, the communication device 
is a hand held device that is used directly by the patient to 
interact With the medical device as opposed to being limited 
to use by a physician, nurse, or technician. It is preferred that 
the communication device provide (1) the ability to send 
commands to the medical device, (2) receive information 
from the medical device, and (3) be able to present to the 
patient at least a portion of the information it receives from 
the medical device. In preferred embodiments, the patient 
interacts With the medical device via the communication 
device at least once per Week, on average, more preferably 
at least once every other day, on average, and most prefer 
ably at least once per day, on average. 
The implantable medical device (MD) includes a biocom 

patible housing; a reservoir Within the housing for holding a 
quantity of insulin; a side port that attaches to the side of the 
housing, a catheter, that connects to the side port; a pumping 
mechanism, Within the housing for moving the insulin from 
the reservoir through the sideport and through the catheter to 
the body of the patient; and control, monitoring, and com 
munication electronics located Within the housing. In alter 
native embodiments various portions of implantable medical 
device hardWare may be located outside the housing. For 
example, the pumping mechanism or a telemetry antenna 
may be located Within the sideport or other side mounted 
housing; or a telemetry antenna may mounted on the outside 
surface of the housing, or extend along the catheter 
The external communication device (CD) communicates 

commands to the medical device, receives information from 
the medical device, and communicates system status and 
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system history to the patient. The external communication 
device includes a housing; a keypad mounted on the hous 
ing; a display forming part of the housing; and control, 
monitoring, and communication electronics located Within 
the housing. In alternative embodiments, the keypad may be 
replaced in Whole or in part by a touch sensitive display or 
a voice recognition system. In addition, or alternatively, the 
display may be replaced in Whole or in part by a speech 
generation system or other audio communication system. 

The outer appearance of the implantable device 2 is 
depicted in tWo pieces in FIGS. 1a and 1b and includes 
housing 6 having a drug outlet port 8, and a re?ll port 12, a 
removable sideport 14 that mounts against the side of the 
housing 6 over outlet port 8, and a catheter 16 having a distal 
end 18 and a proximal end that attaches to sideport 14. In 
alternative embodiments, the implantable device may take 
on a different shape and/or the sideport may be removed in 
favor of a permanently mounted catheter assembly. 

The outer appearance of the external communication 
device 32 is depicted in FIG. 2. The various components of 
the external communication device are ?tted in or on hous 
ing 34. Housing 34 is divided into a front portion 34a and 
a back portion 34b. The front portion 34a is provided With 
an opening in Which an LCD panel 36 is positioned. The 
panel 36 has a loWer portion that is a bit map display and an 
upper portion that provides icons and ?xed element displays. 
The front portion 34a of the external communication device 
is also provided With a ?ve-element keypad 38. A ?rst key 
38a is not located under a raised pad and does not provide 
tactile feedback When it is touched and may be used for 
special functions. The remaining four keys 38b, 38c, 38d, 
and 386 have raised pads that provide tactile feedback When 
they are depressed. These remaining keys may be used in 
normal device operation and are knoWn as the select key, the 
up arroW key, doWn arroW key, and the activate key, respec 
tively. The back portion 34b of the housing is ?tted With a 
door under Which a compartment is located for holding a 
replaceable battery. 

FIG. 3 depicts a simpli?ed block diagram of various 
functional components or modules (i.e. single components 
or groups of components) included in the implantable medi 
cal device 2 and external communication device 32. The 
external communication device 32 includes (1) a housing or 
cover 34 preferably formed from a durable plastic material, 
(2) processing electronics 42 including a CPU and memory 
elements for storing control programs and operation data, 
(3) an LCD display 36 for providing operation for informa 
tion to the user, (4) a keypad 38 for taking input from the 
user, (5) an audio alarm 44 for providing information to the 
user, (6) a vibrator 46 for providing information to the user, 
(7) a main battery 52 for supplying poWer to the device, (8) 
a backup battery 54 to provide memory maintenance for the 
device, (9) a radio frequency (RF) telemetry system 56 for 
sending signals to the implantable medical device and for 
receiving signals from the implantable medical device, and 
(10) an infrared (IR) input/output system 58 for communi 
cating With a second external device. 

The second external device may include input, display 
and programming capabilities. The second device may 
include a personal computer operating specialiZed softWare. 
The computer may be used to manipulate the data retrieved 
from the communication device or the medical device or it 
may be used to program neW parameters into the commu 
nication device or directly into the medical device, or even 
used to doWnload neW softWare to the communication 
device or to the medical device. The manipulation of the data 
may be used in generating graphical displays of the data to 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
help aid in the interpretation of the data. Such data inter 
pretation might be particularly useful if the medical device 
provides data concerning a physiological parameter of the 
body of the patient, such as a glucose level versus time. 
More particularly the computing poWer and display 
attributes of the second device might be even more useful 
When the medical device includes both an implanted sensor 
(e.g. glucose sensor), or external sensor, and an implanted 
pump (e.g. insulin pump), or external pump, Where the 
second external device may be used to enhance the ability to 
ascertain the effectiveness of the tWo devices Working 
together. Successful control periods and problem control 
periods could be more readily identi?ed. In fact, if the tWo 
devices Work on a closed loop basis or semi-closed loop 
basis, the analysis performable by the second external device 
may be useful in deriving neW closed loop control param 
eters and/or in programming those parameters directly into 
the communication device or the medical device or devices. 

The implantable device 2 includes (1) a housing or cover 
6 preferably made of titanium that may or may not be coated 
to enhance biocompatibility, (2) processing electronics 72 
including tWo CPUs and memory elements for storing 
control programs and operation data, (3) battery 74 for 
providing poWer to the system, (4) RF telemetry system 76 
for sending communication signals (i.e. messages) to the 
external device and for receiving communication signals 
(i.e. messages) from the external device, (5) alarm or buZZer 
82 for providing feedback to the user, (6) re?ll port 12 for 
accepting a neW supply of drug as needed, (7) reservoir 84 
for storing a drug for future infusion, (8) pumping mecha 
nism 86 for forcing selected quantities of drug from the 
reservoir through the catheter to the body of the patient, (9) 
sideport 14 for providing a replaceable connection betWeen 
the (10) catheter and the pump housing and for alloWing 
diagnostic testing of the ?uid handling system to occur, and 
catheter 16 for carrying medication from the implant loca 
tion to the desired infusion location. 

In this embodiment, the pump mechanism is preferably a 
loW poWer, electromagnetically driven piston pump. Such as 
for example Model Nos. P650005 or P650009 as sold by 
Wilson Greatbatch Ltd. of Clarence, N.Y. Which have stroke 
volumes of 0.5 microliters and draW under 7 m] (eg about 
6 ml) per pump stroke and under 4 m] (eg about 3 ml) per 
pump stroke, respectively. The pump mechanism dispenses 
a suf?ciently small volume of insulin per stroke so that a 
desired level of infusion resolution is achieved. For example 
if an infusion resolution of 0.2 units of insulin Were desired 
When using U400 insulin, then a stroke volume of about 0.5 
microliters Would be appropriate. In other embodiments 
other types of infusion pumps may be used, eg peristaltic 
pumps. 

The siZe of the reservoir is preferably large enough to hold 
suf?cient insulin so that re?lling does not have to occur too 
often. For example, it is preferred that time betWeen re?lls 
be Within the range of 1.5—4 months or longer, more 
preferably at least 2 months, and most preferably at least 3 
months. Opposing the containment of a large volume of 
insulin, is the desire to keep the implantable device as small 
as possible. In the present embodiment the implantable 
device and reservoir has been designed to hold about 13 ml 
of insulin. A preferred insulin has a concentration of 400 
units per milliliter and is available from Aventis HOE 21Ph 
U-400 from Aventis Pharma (formerly Hoechst Marion 
Roussel AG, of Frankfurt am Main, Germany). This insulin 
is a highly puri?ed, semi-synthetic human insulin With 0.2% 
phenol as a preserving agent, glycerol as an isotonic 
component, TRIS as a buffer, plus Zinc and Genopal® as 



US 6,585,644 B2 
15 

stabilizing agents. This quantity and insulin concentration 
allows about 2—4 months between re?lls. In other embodi 
ments higher insulin concentrations may be used (e. g. U-500 
or U-1000) to increase time betWeen re?lls or to alloW 
reduction in reservoir siZe. In some embodiments, When 
higher concentrations are used, any quantized minimum 
delivery amounts may be reduced by modifying the pump 
ing mechanism, control circuitry, or softWare control algo 
rithm so that infusion resolution is not adversely impacted. 

The external communication device contains appropriate 
softWare to provide proper control of the device including 
appropriate functionality to alloW communication With the 
medical device, to alloW adequate control of the operation of 
the medical device, and to give appropriate feedback to the 
user regarding overall system operation. The medical device 
is provided With appropriate softWare to alloW communica 
tion With the external communication device, to alloW safe 
and appropriate operation of the medical functionality of the 
device, and to alloW direct feedback to the user concerning 
device status via the internal alarm. 

The control electronics of both the implantable device and 
external communication device are centered around micro 
processor based integrated circuits, i.e. processor ICs, that 
are implemented in the present embodiment in the form of 
application speci?c integrated circuits (ASICs). In the 
present embodiment, the control electronics of the implant 
able device are centered around tWo identical ASICs that are 
mounted on a hybrid circuit board. TWo such ASICs are used 
in the implantable device to increase operational safety of 
the device by con?guring the device to require that the tWo 
ASICs act in conjunction With each other in order for 
medication infusion to occur. In some alternative embodi 

ments a single ASIC may be used, or a single dual processor 
integrated ASIC may be used. In a single processor device 
one or more circuits may be provided to monitor the 
operation of a CPU in the processor to ensure it continues to 
operate properly in one or more key functions. In the single 
dual processor integrated ASIC, dual circuitry Would be 
provided so that each processor could act independently of 
the other. In the single dual processor embodiment, a single 
off-circuit oscillator may be used to drive both processors or 
each may have an independent oscillator. A single chain of 
timing circuits could be used in driving both processors or 
independent chains of timing circuits could be used. 
Furthermore, if a single oscillator is used to drive both 
processors, then one or more separate circuits such as a 
counter and an RC timer may be used to verify appropriate 
operation of the oscillator and/or any particular timing 
circuit dependent thereon. 

In different embodiments, more or less of the control 
electronics may be implemented Within one or more pro 
cessor ICs While any remaining portions may be imple 
mented external to the processor IC(s). The processor IC 
may be referred to as an MD processor if used in the medical 
device portion of the system or a CD processor if used in the 
communication device portion of the system. In other 
embodiments the process IC used in the communication 
device may be different, e.g. have a different CPU or 
different peripheral modules, from a processor IC used in the 
medical device. In embodiments Where more than one 
processor IC is used in either the medical device or the 
communication device each of the processors may be dif 
ferent. They may be speci?cally designed for their intended 
roles When they perform at least partially different functions. 
Depending on particular design constraints portions of the 
electronics not embodied in the processor ICs may form part 
of one or more hybrid circuit boards or be otherWise 
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mounted Within, on, or even in some cases external to a 
device housing. 

Each processor IC of the present embodiment includes a 
16-bit core CPU Which is a CMOS loW poWer version of the 
INTEL 8086 processor and various peripheral modules that 
are used for system control, data acquisition, and interfacing 
With electrical components external to the processor IC. The 
peripheral modules of the processor IC of the present 
embodiment include (1) a non-volatile memory interface 
module, eg a SEEPROM interface module, (2) a boot ROM 
module; (3) an SRAM module; (4) a memory decoder 
module; (5) a crystal oscillator module; (6) a timer module; 
(7) a pump interface module; (8) a Watchdog module; (9) an 
RF module; (10) an interrupt handler module; (12) an 
analog-to-digital converter module; (13) an LCD clock 
driver module; (14) an alarm interface module; and (15) ?rst 
and second synchronous serial interface modules. 

In alternative embodiments feWer, additional, or different 
peripheral modules may be incorporated into the processor 
ICs. In one extreme the processor IC may simply incorporate 
a CPU With all other modules being external thereto. In the 
other extreme almost all, if not all, electronic components 
may be incorporated into a single processor IC. Intermediate 
alternatives might incorporate a single additional module 
into the processor IC (in addition to the CPU), others might 
incorporate more than one, eg 4 or more, 8 or more, or the 
like. In still other alternatives, the number of peripheral 
modules or components in an entire device may be consid 
ered and more than a certain percentage of them incorpo 
rated into one or more processor ICs, eg more than 50%, 
more than 75%, or even more than 90%. 

The processor ICs are responsible for basic system man 
agement and communication of information betWeen the 
implantable device and the external communication device 
through the RF telemetry link. The telemetry systems of the 
present embodiment are implemented in part through elec 
trical hardWare and in part through softWare controlled by a 
processor IC. 

In the present embodiment, most of the required electrical 
modules for the implantable device are integrated Within the 
processor ICs. HoWever, several are not. These additional 
modules include tWo independent crystal oscillators (one for 
each ASIC); tWo non-volatile memory modules (one for 
each ASIC), e.g. SEEPROM chips; a volatile memory 
module (used only by one of the ASICs), eg an SRAM 
chip; pump driver circuitry (partially controlled by the each 
ASIC); front end telemetry system circuitry; and voltage 
measurement circuitry associated With the pump driver 
circuit; a buZZer; and a battery. 

Within the implantable device telemetry operations are 
controlled by a single ASIC (sometimes knoWn as the main 
processor) The other processor (sometimes knoWn as the 
monitor processor) controls the buZZer and is thus respon 
sible for audio communications coming from the implant 
able device. The medical functionality of the implantable 
device (i.e. the administration of insulin in the present 
embodiment) is controlled by both processors. To maintain 
the implantable device in a fail safe operational mode, these 
tWo processors maintain an appropriate level of agreement 
concerning infusion instructions an error condition results 
and either pumping is halted or a system reset may be made 
to occur. The main and monitor processors communicate 
With each other through the use of hardWired serial input and 
output ports. 
As With the implantable device, the control electronics of 

the external communication device are centered around an 
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ASIC that controls and interacts With a number of peripheral 
modules. These peripheral modules include an LCD display 
and driver, an IR port and driver, a crystal oscillator, a 
keypad and keypad interface, poWer management modules 
and reset circuitry, external volatile memory (e.g. SRAM) 
and non-volatile memory (e.g. SEEPROM), a buZZer, and 
front end telemetry hardWare. 

Basic timing for each of the medical device and the 
communication device is provided by a loW poWer crystal 
oscillator module Within each processor IC that is connected 
to an external crystal oscillator. In the present embodiment 
the crystal oscillators are con?gured to provide a stable 
clock source of 1,049,100 MHZ With a tolerance no greater 
than +/—500 parts per million (ppm) including drift due to 
aging, and variation in oscillation due to temperature varia 
tions Within a range of —10° to 50° C. This frequency and it 
tolerance are selected such that the loWer extreme of the 
range is still slightly larger than a desired frequency (e.g. 
1,048,576). 
The clock source is used to drive a 20 bit system clock 

ripple counter that is sometimes referred to as Counter B 
(CNT B). This ripple counter is used to provide system 
clocks of various frequencies for operation of all other 
modules. Based on the above noted tolerance alloWance on 
the crystal oscillator frequency, drift in the concept of timing 
betWeen the medical device and the communication device 
can be as large as about 0.1% or about 3.6 seconds per hour. 
Though this level of drift may be acceptable for some 
purposes, it is not acceptable for others. In particular it is not 
acceptable for maintaining accurate time of day tracking 
over extended periods of time (eg 1 second shift per Week) 
and it is even less acceptable for maintaining a level of time 
synchroniZation betWeen the tWo devices that alloWs opti 
miZed ef?ciency of telemetry operations (eg 1 millisecond 
every 4 hours). 
A pulse stealer circuit is provided for precise system 

timing of selected clock signals. In the present embodiment 
the pulse stealer function is applied to the clock signal that 
has a frequency, as provided by the system clock ripple 
counter, that is slightly more than an 8192 HZ target fre 
quency. The pulse stealer circuit gives the ability to peri 
odically steal single pulses from a selected clock signal to 
produce a clock signal of loWer average frequency. In the 
present embodiment the modi?ed signal, or pulse stolen 
signal, is used as the source for the loWer frequency clocks 
that are also generated by system clock ripple counter. As 
some loWer frequency non-pulse stolen clock signals are 
desired for various uses in the system they are derived from 
higher frequency signals that are extracted from the ripple 
counter above the pulse stolen levels. In implementing pulse 
stealing for the present embodiment, the CPU loads a 16 bit 
value into tWo eight bit con?guration registers. The timer 
Whose signal is to be modi?ed is used to cause a counter to 
count up from Zero to the value loaded into the registers. 
After the counter reaches the value speci?ed in the registers, 
a single pulse is removed from the output signal (stolen from 
the output signal) to provide a modi?ed output signal. Then 
the counting begins again from Zero and the process is 
repeated over and over so that a modi?ed output signal, or 
pulse train, having a desired average frequency is generated. 

Avalue of 0><0000 loaded into these registers disables the 
pulse stealer and alloWs the approximately 8,192 HZ clock 
to pass though unmodi?ed (i.e. input signal=output signal). 

FIG. 4a, presents a block diagram shoWing the primary 
elements of a pulse stealing circuit: (1) a crystal clock 242, 
(2) a divide circuit 244, (3) a pulse stealing circuit 246, and 
(4) a timer circuit 248. 
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In the present embodiment the crystal clock 242 operates 

at a nominal frequency of 1,049,100 HZ+/—500 HZ produc 
ing pulse train identi?ed as “t1”. The divide circuit 244 in 
the present embodiment effectively divides by input fre 
quency by a value X that is 128 and produces pulse train “t2” 
of nominal frequency 8196 HZ+/—3.9 HZ. The pulse stealing 
circuit removes a single clock pulse repetitively from t2 to 
produce t3. The repetition rate is controlled by a pro 
grammed value set in the pulse stealing circuit. The repeti 
tion rate is set to an appropriate value that adjusts the input 
frequency (t2) to that desired by the timer circuit 248. In the 
present embodiment, it is desired that the pulse train t3 that 
feeds timer circuit 248 be precisely operating at 8192 
pulses/second. 

The pulse stealing circuit includes a counter that runs off 
clock signal t2. The counter begins counting at Zero and 
counts up to a value set in the above noted con?guration 
registers. When the counter reaches the programmed value, 
one clock pulse is removed from the signal t2 to produce 
signal t3. The counter is reset to start the count again and 
continues in an endless loop. 

FIG. 4b depicts a sample timing sequence for the input 
signal t2 and output signal t3 of the pulse stealing circuit 
Where the register value is set to ?ve. 

The timer circuit produces a pulse stream t3 having an 
effective average clock frequency of, 

l 
[1 _ m1>k (Frequency of [2), 

Where “value” is the value entered into the con?guration 
registers. 
The table presented beloW illustrates the effect of the 

pulse stealing register value on the timer circuit clock. 

12/21 Pulse Stealing Impact 
Timer Circuit Clock Frequency 

(t3) Relative to Input 
Frequency (t2) 

Value in the 
Con?guration Registers 

1/2 
2/3 
3A 
"/5 
5/6 

In the present embodiment, the pulse stealing circuit is 
designed to achieve an effective average timer circuit clock 
frequency of 8192 HZ. The required pulse stealing register 
value may be calculated from, 

DF : (I * (crystal frequency) / X, 

Where DF is the desired frequency, and in the present 
embodiment is 8192 HZ, and Where X is the amount by 
Which the crystal frequency is divided prior to entering the 
pulse stealer, and in the present embodiment is 128. This 
equation may be manipulated to yield, 

crystal frequency 
1 = — _ 

Va ue crystal frequency- 1048576 1, 

Where the value used for X Was 128. 
The table beloW illustrates some example register values 

based on example crystal frequency values. 
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Sample Register Values Table 

Crystal Frequency 
Hz Register Value 

1,048,576 Cannot calculate = 0 

1,048,700 8456 
1,048,900 3236 
1,049,100 2001 
1,049,300 1448 
1,049,500 1134 
1,049,624 1000 

If, for example, the crystal frequency was measured to be 
1,049,039 Hz. The calculated register value is 2264.74. 
However, since in the present embodiment the counter only 
accommodates integer register values, the register value will 
be set to either 2265 or possibly 2264. As a result, by use of 
this register value, the average frequency of signal t3 will be 
brought as close as possible to the desired value. 
A sample pulse stealing circuit for the present embodi 

ment that uses up to a 16 bit pulse stealing value might 
include a 16 bit register, a 16 bit counter, a 16 bit compare 
logic block, and a logic gate such as an “and” gate that takes 
two inputs, t2 and a normally high signal that is toggled low 
when the counter reaches the register value and then is 
reasserted high when the counting starts over. The compare 
logic block may be used to compare the value in the register 
to the value in the counter to determine if the two are 
equivalent. The compare logic block may be based, for 
example, on 16 two-input AND gates whose outputs are fed 
into one or more additional AND gates to produce a single 
output signal indicative of whether the count has been met. 
As required, additional logic could be added as necessary, to 
interpret a 0000h register value as disabling the pulse stealer. 

Of course, in other embodiments the pulse stealing circuit 
may be driven by a different signal t2 frequency or it may be 
driven directly from the crystal clock. It may be made to 
steal more than one consecutive pulse. A different register 
size may be used. The signals generated by the pulse stealer 
may be used either directly by a circuit that is tolerant to a 
missing pulse or it may alternatively be used to drive one or 
more additional counters, or “divide by” circuits, wherein 
with each subsequent reduction in frequency, the uniformity 
of the ?nal pulse train is improved as well as any difference 
between the modi?ed frequency and the desired frequency. 

In other alternative embodiments, pulse stealing circuits 
may be independently used on multiple modules or they may 
be stacked in series to provide an even more accurate 
average signal pulse frequency. The register value may be 
set once and then let alone or alternatively, it may be 
changed periodically based on a de?ned criteria. For 
example, if a given crystal oscillator circuit is known to vary 
its oscillation frequency with temperature, or other 
parameter, the parameter may be measured and a revised 
value determined. The revised value may be determined by 
use of a look up table, calculation, or the like and then 
inserted into the register or otherwise used to institute pulse 
stealing. 
As another example, if an increment in time as registered 

by a second clock were compared to the same increment of 
time as measured by a ?rst clock, a drift rate or amount could 
be derived. The drift rate or amount could then be used to 
calculate a revised pulse stealing value or additional pulse 
stealing value for one or both of the clocks so as to more 
closely synchronize their operation. 
As further example, if the count value entered in the 

registers is not precisely the desired value, the value entered 
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into the register may be periodically varied so that the 
average value in the register is closer to the desired value. As 
such, in one implementation the values entered into the 
register may alternate between the two values that bound 
each side of the desired value. The proportion of the time 
that each of the bounding values is used may be based on the 
proportions of the differences between the desired value and 
each of the two bounding values. The period of time over 
which each value is used prior to switching to the other value 
may vary depending on the amount of error that is allowed 
to build up. For example, the period may be smaller than one 
minute or larger than one day. In other alternatives, other 
implementations are possible, for example where one of the 
alternative values used is something other than an immedi 
ately bounding value. 

In the present embodiment telemetry reception and trans 
mission timing by both the medical device and the commu 
nication device are based on time periods that are derived 
from the pulse stolen clock signals. As these pulse stolen 
clock signals have truer frequencies (on average) than do the 
signals generated by the principle oscillator, the telemetry 
timing between the two devices will stay better synchro 
nized. Furthermore as the incrementing of the time of day 
clock in the communication device is also is derived from 
the pulse stolen oscillator signals, the time of day clock 
remains better synchronized to the actual time than it 
otherwise would have been. The pulse stolen clock signals 
are not used for driving circuits or functions that cannot 
tolerate missing pulses, e.g. pulse trains that are transmitting 
telemetry data. 
The telemetry system for the implantable device and the 

external communication device provide a half-duplex link 
between each other using a carrier frequency of about 250 
kHz (eg about 2318 Hz) and a data signal having a 
frequency of about 8 kHz (eg about 2313). The transmitter 
hardware uses an 8 kHz data signal to modulate the carrier 
signal to generate signals that will be transmitted by the 
antenna. The receiver hardware receives the modulated 
signal and demodulates it to extract the 8 kHz data signal. 
Both the implantable device and the external communication 
device have transmit and receive capabilities to allow two 
way communication. 

Most of the RF telemetry circuits necessary for commu 
nication between the external communication device and the 
implantable device are implemented in the processor IC. In 
order to minimize the digital noise interference that the 
processor IC might impart to the weak RF signals that are 
being received, a high-gain RF ampli?er is implemented 
off-chip. Also an RF antenna, that is used for both trans 
mission and reception, and circuitry to select between recep 
tion and transmission are implemented off-chip. The remain 
ing analog sections and all the digital demodulation circuits 
are implemented in the processor IC. 
The RF module of the processor IC outputs in phase and 

quadrature phase signal components for combined transmis 
sion by the external antenna. The RF module also supplies 
a control signal that is used to switch between a transmission 
con?guration and a reception con?guration. The RF module 
receives as inputs signals from the ampli?cation circuitry. 
A Quadrature Fast Acquisition Spread Spectrum Tech 

nique (QFAST®) is used as the modulation technique. 
QFAST® modulation is based on an Offset Quadrature 
Phase Shift Keying (QPSK) modulation technique. In this 
technique, data generated by the CPU modulates clock 
signals at the carrier frequency. As a result of quadrature 
modulation, in-phase and quadrature-phase components of 
the given data stream are generated. The two components 
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are then applied to opposite ends of the external antenna so 
that a combined signal is transmitted. 

The transmitter section of the telemetry system receives 
byte Wide parallel data packets from the CPU and then loads 
the data into a parallel-to-serial shift register. The serial data 
is then sent to the QFAST® RF modulation transmitter 
section to modulate tWo quadrature clock signal components 
each operating With a carrier frequency of about 218 HZ) and 
shifted in phase relative to each other by 90 degrees. The tWo 
components are then delivered to opposite ends of the 
antenna As long as there is data in the transmitter parallel 
to-serial shift register, the RF transmitter remains activated. 
If the transmitter doesn’t have data available When the next 
byte is to be transmitted the message is considered to have 
been completely transmitted and the CPU shuts off the 
transmitter circuitry so as to minimize continued poWer 
drain. 
As noted above, external to the processor IC, the received 

RF signal is ampli?ed by a high gain receive ampli?er. A 
bandpass ?lter is used to attenuate out-of-band components 
such as those due to AM radio stations. The ampli?ed RF 
signal then enters a mixer in the RF module of the processor 
IC and is converted to baseband using tWo mixers, one 
in-phase mixer and one quadrature phase mixer both at the 
carrier frequency. The mixer outputs are the quadrature 
components of the baseband signals. An integrator & dump 
function in the RF module then removes the sum frequency 
(2 fc) and high frequency noise (i.e. acting as a loW pass 
?lter) from each of the tWo signals. The processed signals 
are then digitiZed using a comparator and passed to the 
demodulator Where the data and clock are recovered. 

In QFAST®, data rate adaptability is accomplished 
through a spread-spectrum “coding gain” concept, With the 
spreading code being a simple clock. The modulation pro 
duced by the QFAST® modulator is demodulated in a 
manner Which delivers both clock and data. All of the 
QFAST® modulation and demodulation circuits are digital 
and are incorporated into the processor IC. 

The QFAST® technique provides a communication sys 
tem With a number of attributes: (1) it extracts the clock from 
the received signal Without a clock recovery loop; (2) it 
provides demodulation of data Without phase ambiguity and 
Without the requirement for synchronous demodulation; (3) 
it makes effective use of the available transmission 
bandWidth, (4) it results in fast acquisition of the message 
signal; (5) it is relatively immune to the effects of highly 
dispersive and distorting propagation media; (6) it does not 
require regeneration of a phase-coherent local replica at the 
receiver of the transmitted carrier; (7) it does not require 
resolution of ambiguity betWeen the in-phase and 
quadrature-phase channels in the receiver; and (8) it does not 
exhibit data phase ambiguity. 

Further detail about QFAST® (Quadrature Fast Acquisi 
tion Spread Spectrum Technique) may be found in US. Pat. 
No. 5,559,828, entitled Transmitted Reference Spread Spec 
trum Communication Using a Single Carrier With TWo 
Mutually Orthogonal Modulated Basis Vectors, by 
Armstrong, et al. 

The RF module in the processor IC consists of timing 
circuitry, circuitry to maintain time synchroniZation betWeen 
the implantable device and the external communication 
device, a digital RF transmitter section that includes a 
QFAST® RF modulation transmitter, an analog receive 
module, and a digital receive section that includes a 
QFAST® RF modulation receiver. 

The RF communication betWeen the implantable device 
and the external communication device occurs in the form of 
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messages (sometimes referred to as communication signals 
or packets) that are passed back and forth betWeen the tWo 
devices. In this embodiment these messages have a multi 
part format or protocol: (1) preamble, (2) frame sync, (3) 
telemetry identi?er, and (4) data. 

In other embodiments other multipart formats may be 
used. For example, the multipart format might consist of (1) 
a preamble, (2) a telemetry identi?er, and (3) data. In still 
other embodiments the preamble and frame sync may be 
combined into a single entity, or the telemetry identi?er and 
the frame synch may be combined into a single entity, or 
even all of the preamble, frame sync, and telemetry identi?er 
may be combined into a single entity such that the func 
tionality of associated With these individual elements of the 
messages of the present embodiment may be performed 
simultaneously or in series based on a single but repeated 
pattern of information. 

For communications from the implantable device to the 
external communication device the preamble is a repeating 
pattern of “10”, i.e. 10101010. This alternating pattern of 
ones and Zeros is broadcast for 8-bit times. This pattern is 
considered the standard preamble pattern. In other embodi 
ments this standard preamble pattern may be different from 
that noted above (eg it may be a repeated pattern of “01” 
instead of “10”). Though, unnecessary, the standard pre 
amble need not transition With every other bit though, as a 
certain number of bit transitions are typically necessary to 
establish bit synchroniZation, the more transitions, the 
shorter the minimum length that the preamble can take. 

For communications from the external communication 
device to the implantable device, the preamble is either of 
the standard preamble pattern but applied for an extended 
number of bit times (eg 24, 48, or 96) or is of an attention 
preamble pattern that is applied for, typically, even a longer 
extended number of bit times. In other embodiments, not 
only may the preamble used by the implantable device and 
the external communication device have different lengths as 
used in this embodiment, they may also use different stan 
dard preamble bit patterns. Of course in still other 
embodiments, a same preamble length may be used by both 
the implantable device and the external communication 
device Whether or not the same standard preamble bit pattern 
is used. The attention preamble pattern is formed of a 
repeated pattern of“110110 . . . 110”. In other embodiments, 

other attention preamble patterns may be used (eg repeti 
tions of “011”, “100”, “001, “1011”, and the like). 
The preamble, Whether of the standard pattern or the 

attention pattern, is used so that the RF reception hardWare 
can establish bit synchroniZation (i.e. bit boundary 
recognition) of the incoming data. HoWever, the attention 
preamble is further used to get and hold the receiver’s 
attention for a de?ned period of time. As long as the 
attention preamble is being received, the receiver’s hard 
Ware Will stay on and continue tracking the signal in 
anticipation of an incoming message. In other embodiments, 
the concept of a standard preamble pattern that Will not hold 
the receiver’s attention may be dispensed With in favor of 
alWays using a preamble that is in effect an attention 
preamble. 

The attention preamble is considered to be lost, or no 
longer being received, When the receiver receives more than 
2 inappropriate bit values during receipt of any 64-bits or 
When the frame sync pattern is received. 

Before beginning error detection, the receiver’s hardWare 
?rst requires that the receipt of the attention preamble be 
established. In establishing receipt of the attention preamble 
the receiver’s hardWare may load the received bits into a 
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shift register and may then compare the shifting pattern to a 
prede?ned pattern of selected length and then may consider 
the receipt of the attention preamble to be established once 
the comparison indicates a match of suf?cient length has 
occurred. The receive hardWare then continues to compare 
received bits to predicted bits based on the pattern estab 
lished. A bit counter is incremented With each bit received 
and an error counter is incremented With each error detected. 
The bit counter is reset Whenever an error is detected. The 
error counter is reset Whenever the bit counter reach a preset 
value. If the error counter should reach a prede?ned error 
amount, the established attention preamble is considered to 
have been lost and if the receiver is still operating Within its 
listening period, the receiver’s hardWare continues its pro 
cess of trying to establish receipt of attention preamble. The 
parameters associated With establishing receipt of the atten 
tion preamble and associated With the setting of error 
tolerances may be hardcoded into the system or they may be 
programmable into hardWare registers. 

It is preferred that the above analysis be implemented in 
hardWare due to the energy saving possible but in other 
embodiments the process may be implemented via softWare. 

Of course in other embodiments, the error tolerance 
believed acceptable may be increased or decreased or 
de?ned in a different manner. For example, instead of using 
an error tolerance of 2-bits out of 64-bits, one might use a 
tolerance of 1/32. The tolerance may even be increased to 2732, 
3/64, 4/64, or even higher. Alternatively, it may be decreased to 
1/64, 1/128 or even to Zero. 

The attention preamble may be used When there is some 
uncertainty in the time synchroniZation of the tWo devices. 
The extra length of the attention preamble alloWs the receiv 
er’s reception WindoW to open a little later than anticipated 
and to still have the receiver pick up the entire message. The 
extra length of the attention preamble alloWs the receiver’s 
reception WindoW to open earlier than anticipated, so long as 
a minimum number of bits are heard by the receiver during 
the time its reception WindoW is normally open, and still 
have the receiver’s attention locked onto the preamble and 
have the receiver remain on as long as the attention preamble 
is being received, plus a little more, in anticipation of 
receiving a frame sync pattern. 

The receiver may miss some of the initial bits in the 
preamble but a minimum number of bit transitions (eg 4, 6, 
or 8 transitions) of the preamble pattern must be received to 
ensure bit synchroniZation betWeen the transmitted message 
and the receiver. In the present embodiment, the implantable 
device broadcasts With a minimal preamble siZe in order to 
reduce poWer consumption Within the implantable device. In 
other embodiments, the preamble used by the implantable 
device may be larger relative to the minimum number of bit 
transitions needed to establish bit synchroniZation. 

In the present embodiment, frame sync may actually be 
considered byte sync (i.e. frames are bytes) and is a single 
byte of a selected pattern and is used so the receiver can 
obtain byte boundaries for the transmitted data. In the 
present embodiment, the selected pattern is “10110000”. In 
other embodiments, other patterns, pattern lengths, and 
frame siZes may also be acceptable for use as frame sync so 
long as the patterns (in combination With preamble or 
attention preamble patterns and any tolerances in their 
reception) cannot lead to errors in de?ning byte transitions. 
In still other embodiments, the attention preamble pattern 
may be of the same bit pattern as the frame sync, in Which 
case, some error tolerance may be alloWed in the frame sync 
pattern and the receiver’s attention Would be held until the 
pattern is lost or a valid telemetry ID pattern is received. 
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Even during the receipt of attention preamble (or other 

preamble) the receiver continually compares shifting bits 
that are received to the anticipated frame sync pattern. The 
Frame Sync byte may be detected by feeding the incoming 
bit stream into a shift register and passing the bit values in 
the register to the inputs of an 8 input AND gate Whose input 
assertion levels correspond to the anticipated frame sync 
pattern. 

This comparison process continues so long as the receiver 
continues to listen for an incoming message or until a valid 
frame sync pattern has been received. If the receiver is 
continuing to listen beyond its normal reception WindoW 
(i.e. listening period), due to the reception of an attention 
preamble, the listening Will not stop immediately upon the 
attention preamble being lost. The comparison process for 
ascertaining the receipt of frame sync continues for a num 
ber of bits after attention preamble is lost, even if the 
listening period has ended, as its loss may be associated With 
the partial receipt of frame sync. Once frame sync is 
received a valid frame sync signal is asserted. 

In the present embodiment, the telemetry identi?er (i.e. 
telemetry ID) is a 3-byte value that is used to ensure that 
only the intended receiver receives a message. The value of 
all “1s” indicates a universal message that is to be received 
by all receivers, otherWise the telemetry ID must be agreed 
upon betWeen the receiver and transmitter. A unique ID is 
provided for each implantable device and each external 
communication device during manufacturing. Only the 
external communication device can transmit a message 
using the universal ID code. The telemetry IDs that the 
receiver Will consider to be valid are the ID of the receiver 
or the universal ID. All other incoming bit patterns Will be 
rejected With the result that the receiver Will be either turned 
off or Will start again looking for a valid frame sync pattern 
attention preamble. In alternative embodiments, instead of 
the receiver accepting only its oWn ID (in addition to the 
universal ID) it may instead accept the ID of the transmitter. 
In other alternative embodiments, a different length pre 
amble may be used by the implantable device and the 
external communication device. In still further alternatives, 
the telemetry IDs may not be unique if it is believed that the 
chance of miscommunication betWeen devices is not a 
signi?cant risk. In fact, if there is little risk of 
miscommunication, telemetry ID may be dropped from the 
message protocol. 

Other embodiments may retain the concept of telemetry 
ID for either the receiver or the transmitter or both but only 
pass the telemetry ID information implicitly. Such implicit 
transfer might use the telemetry ID information in generat 
ing a validation code (eg CRC) that is transferred With the 
message. In such cases the receiver could compare the 
received code to one or more different codes generated using 
each of the unique telemetry ID and the universal telemetry 
ID. These embodiments Would be less preferred When poWer 
consumption considerations are critical, as the telemetry 
system of the receiver Would have to remain on to receive 
the entire message in order to determine Whether the mes 
sage Was for it or not. 

After a Frame Sync byte is detected, the processor IC 
hardWare compares the next 24 bits of the incoming data to 
the personal ID bits and to the universal ID Which in this 
embodiment is ?xed at OXFFFFFF. The detection for the 
universal ID may be performed by passing the incoming 
data stream (for these 24 bits) through an XOR gate along 
With another input ?xed at a value of 1. The output of the 
XOR gate may then be fed into the data line of a D ?ip-?op 
While the clock line of the ?ip-?op is fed by a clock signal 
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running at the bit rate. If the 24 bits are processed Without 
the output of ?ip-?op changing state a valid universal ID has 
been received. If the ?ip-?op does change state, a universal 
failure signal is asserted. The incoming bits are also passed 
through a ?rst input of a second XOR gate While a second 
input of the gate is supplied by a multiplexer that provides 
bit values from the speci?c acceptable telemetry ID. The 
output of the XOR gate is provided to a ?ip-?op in a manner 
analogous to that discussed above for detecting the universal 
ID. So long as the output of the ?ip-?op doesn’t change state 
during the processing of the 24 bits, a valid speci?c ID is 
considered to have been received, otherWise a speci?c ID 
failure signal is generated. If and only if one of the ID 
failures is asserted, an ID valid signal is generated. If both 
ID failures are generated, the valid frame sync ?ag is 
de-asserted in Which case listening by the receiver may be 
aborted if the listening period has expired or listening for 
attention preamble and frame sync may continue if the 
listening period has not yet expired. If a valid telemetry ID 
is received, the receiver listens to the remaining portion of 
the message. 

In alternative embodiments the frame sync and telemetry 
ID may be combined into a single entity that is identi?ed as 
a Whole as opposed to the present embodiment Where the 
tWo pieces are looked for and identi?ed separately. 

In the present embodiment, data is provided in an integer 
number of bytes folloWing the telemetry ID. In the present 
embodiment the ?rst byte of the data indicates the message 
type. The ?rst seven bits of the ?rst byte is an operation code 
or op-code While the eighth bit is either ignored or is set and 
interpreted as a sequence number (to be discussed hereafter) 
dependent on Whether or not the ?rst seven bits call for a 
sequence number or not. Each op-code, based on its nature, 
is folloWed by data in a de?ned number of bytes. The 
speci?c op-code itself may dictate the number of bytes that 
folloW or alternatively the speci?c op-code may dictate that 
the number of bytes to folloW may be extracted from the ?rst 
byte or several bytes of information that folloW it. In 
alternative embodiments, op-codes may have a different 
length, or not be used at all, the message length or message 
end may be dictated in other Ways. Based on the op-code and 
potentially one or more bytes folloWing it, the receiver 
knoWs exactly hoW many more bytes of data to listen for. 
After receiving those bytes, the receiver may be turned off 
to conserve poWer. 

For some messages dealing With drug delivery, the data 
portion of the message may include a bolus number. The 
bolus number is similar to the sequence number in that it is 
incremented by both the implantable device and external 
communication device under controlled conditions so as to 
reduce the possibility of bolus requests being delivered more 
than once When duplicate requests may be made as a result 
of the external communication device failing to receive a 
con?rmation that a previous request Was received. The bolus 
number may be a single bit number in some embodiments 
but in more preferred embodiments it is a multibit number 
(eg 2-bit, 4-bit, 7-bit, l-byte, or 2-bytes) so that it can take 
on more than tWo values thereby making it less likely that an 
error Will escape detection due to received and expected 
numbers erroneously matching. The incrementing of the 
bolus number may occur Within the external communication 
device When it receives con?rmation that a message Was 
correctly received and it may be incremented by the implant 
able device When it correctly receives a bolus request. As 
such When a duplicate request for a bolus is received by the 
implantable device it can recogniZe that the expected and 
received bolus numbers do not match and that requested 
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bolus is not a neW request. As such the implantable device 
can respond to the repeated request that the bolus Was 
correctly received and delivered (With out performing a 
second delivery and Without incrementing its expectation of 
What the next bolus number Will be). 

In other embodiments, other incrementing numbers may 
be used to help ensure that only appropriate operation of the 
implantable device occurs. For example, incrementing tem 
porary basal rate numbers may be used, and/or separate 
incrementing numbers may be used for different types of 
boluses that might be requested, e.g. immediate boluses and 
temporary boluses. In still further alternatives, incrementing 
message numbers may be generally used. These message 
numbers may for example be used on all messages that have 
responses associated thereWith. Once the receiver con?rms 
that a message Was appropriately received it may increment 
its message number. Similarly, once the transmitter gets a 
response to the message it sent, it may likeWise increment its 
message number. 

In the present embodiment, the data portion of the mes 
sage ends With a one or 2-byte validation or error checking 
code (its type is dictated by the op-code included With the 
message). The preferred error checking code of this embodi 
ment is in the form of a cyclic redundancy code (CRC). In 
other embodiments, the CRC may be replaced With another 
error checking code and/or it may be placed in a different 
part of the message or even deleted from the message 
protocol completely. The op-code may also be placed in 
another part of the message, or deleted in favor of other 
techniques that may be used in interpreting the message and 
for determining When the end of the message has been 
properly received. 

In the present embodiment it is preferred that the CRC 
occur at the end of the message as it simpli?es the compu 
tational ef?ciency of con?rming the validity of the message 
by the receiver. In alternative embodiments, Where message 
compilation and transmission occur in parallel, placing the 
CRC at the end of the message also alloWs the data to be 
processed and transmitted in a single pass Without a need to 
have storage space for the entire message available. 

In order to keep poWer requirements loW in a preferred 
implementation, the external communication device and 
implantable device attempt to maintain a common time base, 
transmissions are set to start at speci?ed times, and reception 
WindoWs are set for speci?ed times and lengths. In this Way, 
the receiver may remain in a poWered doWn mode most of 
the time and can turn on to listen for a potential incoming 
message at the speci?ed times for the speci?ed lengths of 
time. If a message is found to be incoming, the receiver stays 
on, otherWise it goes back to sleep (i.e. poWer doWn mode). 

In the present application, to avoid ambiguities in some 
portions of the description relating to the timing associated 
With the transmission and reception of messages, the fol 
loWing de?nitions Will be used: (1) “inbound” Will generally 
refer to activities associated With telemetry reception by the 
medical device, Whether implanted or not, or to activities 
associated With telemetry transmission by the communica 
tion device, (2) “outbound” Will generally refer to activities 
associated With the telemetry transmission by the medical 
device, Whether implanted or not, or to activities associated 
With telemetry reception by the communication device. 

According to a telemetry timer in the medical device, 
outbound transmissions begin at an “outbound transmission 
start time” and continue for an “outbound transmission 
period” Which de?nes the period that the preamble portion 
of the message is sent Which may be though of in terms of 
time or in terms of the number of data bits. Similarly, 
























