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MICROPROCESSOR CONTROLLED 
AMBULATORY MEDICAL APPARATUS 
WITH HAND HELD COMMUNICATION 

DEVICE 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of prior ?led US. 
Provisional Patent Application No. 60/177,414; ?led J an. 21, 
2000, by Ronald J. Lebel, et al., and entitled “Medical Appa 
ratus and Method Including an Implantable Device and an 
External Communication Device”. The entirety of this pro 
visional application is hereby incorporated herein by this 
reference, including appendices ?led thereWith and any ref 
erences incorporated therein by reference, as if set forth in full 
herein. 

FIELD OF THE DISCLOSURE 

[0002] This invention relates generally to ambulatory 
medical systems that include a microprocessor controlled 
ambulatory medical device and a separate control device that 
communicate via telemetry Where the medical device has 
enhanced functionality, safety features, failure detection, 
and/ or alarming capabilities. Preferred embodiments relate to 
implantable infusion pumps and external devices for commu 
nicating thereWith. 

BACKGROUND 

[0003] Implantable infusion pumps for dispensing con 
trolled volumes of a drug (e.g. insulin) have been proposed 
and even attempts at implementation and commercialization 
made. 
[0004] One such pump is the MMT2001 Implantable Pump 
System as sold by Minimed Inc. of Northridge, Calif. This 
device presented the user With the ability to perform basic 
infusion actions such as the delivery of a basal rate, delivery 
of a temporary basal rate, or the delivery of a meal bolus. The 
user Was, hoWever, not presented With the ability to perform 
more sophisticated delivery related operations that may be 
desirable for optimum control of blood glucose level. When 
using this system three delivery options exist: (1) delivery of 
a standard but programmable basal rate, (2) delivery of a 
standard basal rate and a meal bolus simultaneously, or (3) 
delivery of a temporary basal rate either immediately or at a 
programmable start time Within a speci?able start time. In this 
system not only could a meal bolus and a temporary basal rate 
not occur at the same time, they could not be programmed into 
the system When the other Was already programmed but deliv 
ery not yet completed even though no overlap in delivery 
betWeen the tWo amounts might exist. As such the user could 
only program one variable rate into the system at a time, even 
in the event that several variable rates may be desired to 
folloW one another. As such, this system is less than optimal 
With regard to user convenience in programming his/her insu 
lin treatment. 
[0005] The system also suffered from an external controller 
that Was large, hard to carry and aWkWard to use. The con 
troller dimensions are 6.0 inches by 3.5 inches by 1.3 inches 
With a display that is a small fraction of the siZe of the face of 
the controller. The controller included a cover plate that 
Would close over the display area When not in use and Would 
be opened during use. More particularly, during program 
ming the cover plate is opened at a ninety-degree angle rela 
tive to the front of the display to alloW vieWing of the display 
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and to alloW positioning of the cover plate immediately over 
the site of the infusion pump so that successful telemetry 
communication may occur. As such the system does not sup 
ply delivery or system status related information to the user 
accept at the times that the user elects to open and turn on 
his/her controller. 
[0006] The system further suffers from the inability of the 
implantable device to send out unsolicited telemetry mes 
sages to the controller concerning operational conditions 
Within the implantable device. As such, system conditions 
Within the implantable device (other than communication 
related failures) are primarily conveyed to the user via an 
auditory alarm that is internal to the implantable device. 
[0007] The system further suffers from the entire opera 
tional history of the pump being subject to loss as this his 
torical data is only held in the controller. 
[0008] The system further suffered from a relatively short 
life for the implantable device of approximately 2.5 years. 
[0009] Based on the above noted shortcomings, and other 
shortcomings of systems in the ?eld, a need exists for 
improved systems that offer enhanced programming capa 
bilities, enhanced user interface capabilities, reduced control 
ler siZe, enhanced operational performance, enhanced secu 
rity of system/patient historical data, enhanced safety 
features, and/ or enhanced implantable device life. 
[0010] It is believed that related shortcoming may exist in 
other ambulatory medical devices as Well, such as in exter 
nally carried infusion pumps, implantable pacemakers, 
implantable de?brillators, implantable neural stimulators, 
implantable physiological sensors, externally carried physi 
ologic sensors, and the like. 

SUMMARY OF THE INVENTION 

[0011] It is a ?rst object of certain aspects of the invention 
to enhance programming capabilities for ambulatory medical 
systems and in particular for implantable infusion pump sys 
tems. 

[0012] It is a second object of certain aspects of the inven 
tion to enhance user interface capabilities in ambulatory 
medical systems and in particular for implantable infusion 
pump systems. 
[0013] It is a third object of certain aspects of the invention 
to reduce system siZe for patient convenience in ambulatory 
medical systems and in particular for implantable infusion 
pump systems. 
[0014] It is a fourth object of certain aspects of the invention 
to enhance operational performance of ambulatory medical 
systems and in particular for implantable infusion pump sys 
tems. 

[0015] It is a ?fth object of certain aspects of the invention 
to enhance security of system/patient historical data. 
[0016] It is a sixth object of certain aspects of the invention 
to enhance the operational safety of ambulatory medical sys 
tems and in particular of implantable infusion pump systems. 
[0017] It is a seventh object of certain aspects of the inven 
tion to enhance longevity of ambulatory medical systems and 
in particular of implantable infusion pump systems. 
[0018] 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 
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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. 

[0019] A ?rst 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 treat 
ment 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 one of the medical 
device is con?gured to emit an audio alarm signal including a 
plurality of tones emitted in a predetermined sequence. 

[0020] 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 treat 
ment 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 is 
capable of being programmed to perform a selected function, 
at a future time, if the medical device fails to receive a selected 
message from the communication device during a prede?ned 
period of time or at a prede?ned time. 

[0021] In a speci?c variation of the second aspect of the 
invention the medical device includes at least one of (1) an 
implantable infusion pump for selectively dispensing a 
selected drug, (2) an implantable infusion pump for selec 
tively dispensing insulin, (3) an implantable sensor for sens 
ing a selected state of the body, (4) an implantable sensor for 
sensing glucose level, or (5) an implantable electrode for 
selectively stimulating a portion of the body of the patient. 
[0022] In a speci?c variation of the second aspect of the 
invention the selected function causes the medical device to 
change from a ?rst operational state to a second operational 
state. In a further variation the selected message is any valid 
message that is received by the medical device. 
[0023] In a speci?c variation of the second aspect of the 
invention the selected function includes the medical device 
ceasing delivery of medically signi?cant amounts of the drug. 
In a further variation the prede?ned period of time is restarted 
each time a valid message is received from the communica 
tion device. 
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[0024] In a speci?c variation of the second aspect of the 
invention the communication device is programmed to alarm 
prior to the medical device performing the selected function, 
so as to give the patient an opportunity to send a message from 
the communication device to the medical device to prior to 
execution of the selected function. 

[0025] A third 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 treat 
ment 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 includes an MD alarm under control of the MD pro 
cessor, and the communication device further includes a CD 
alarm under control of the CD processor, and Wherein the 
communication device is programmed to activate the CD 
alarm, in a selected circumstance, prior to the medical device 
directly sounding the MD alarm, such that a patient is sig 
naled that a selected circumstance Will occur, thereby provid 
ing an opportunity for the patient to acknowledge the selected 
circumstance so that the MD alarm may be de-asser‘ted or the 
selected circumstance removed prior to the physical sounding 
of the MD alarm. 
[0026] 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 treat 
ment 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 an identical applica 
tion speci?c integrated circuit (ASIC) is used in both the 
medical device and in the communication device, and 
Wherein the MD processor includes the ASIC and the CD 
processor includes the ASIC. 

[0027] In a speci?c variation of the fourth aspect of the 
invention, the ASIC further includes a telemetry modulator, a 
telemetry demodulator, and memory, and further includes at 
least one of (l) a timer module, (2) an alarm driver, (3) anA/D 
converter, (4) a ?rst synchronous serial interface, (5) a second 
synchronous serial interface, (6) a ?rst treatment or monitor 
ing device driver, (7) a second treatment or monitoring device 
driver, (8) a memory decoder, or (9) ROM memory. 
[0028] 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 
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MD telemetry system and operation of the medical device, 
Wherein the medical device is con?gured to provide a treat 
ment 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 processor, an 
MD telemetry modulator, and MD demodulator are incorpo 
rated into a single application speci?c integrated circuit. 
[0029] In a speci?c variation of the ?fth aspect of the inven 
tion, the application speci?c integrated circuit further 
includes at least three of (1) an A/D converter, (2) a timer 
module, (3) an alarm driver, (4) a ?rst synchronous serial 
interface, (5) a second synchronous serial interface, (6) a ?rst 
treatment or monitoring device driver, (7) a second treatment 
or monitoring device driver, (8) a memory decoder, (9) a 
ROM memory, or (10) an SRAM memory. 

[0030] A sixth 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 treat 
ment 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 processor, an 
MD memory, and MD analog components are incorporated 
into a single application speci?c integrated circuit (ASIC). 
[0031] In speci?c variation of the sixth aspect of the inven 
tion, the application speci?c integrated circuit further 
includes a telemetry modulator, a telemetry demodulator, and 
memory, and further includes at least one of (1) a timer 
module, (2) an alarm driver, (3) an ND converter, (4) a ?rst 
synchronous serial interface, (5) a second synchronous serial 
interface, (6) a ?rst treatment or monitoring device driver, (7) 
a second treatment or monitoring device driver, (8) a memory 
decoder, or (9) ROM. In a further variation, the analog com 
ponents include at least one of (1) an analog to digital con 
verter, (2) an analog telemetry module, or (3) a crystal oscil 
lator module. 

[0032] 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 treat 
ment 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 processor 
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includes a 16 bit processor and is incorporated into an appli 
cation speci?c integrated circuit. 
[0033] In a speci?c variation of the seventh aspect of the 
invention, the ASIC further includes a telemetry modulator, a 
telemetry demodulator, and memory, and further includes at 
least one of (1) a tinier module, (2) an alarm driver, (3) anA/D 
converter, (4) a ?rst synchronous serial interface, (5) a second 
synchronous serial interface, (6) a ?rst treatment or monitor 
ing device driver, (7) a second treatment or monitoring device 
driver, (8) a memory decoder, or (9) ROM. 
[0034] 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 treat 
ment 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 and the communication device includes a 
plurality of electronic modules, Wherein at least tWo of the 
modules are poWered With different voltages. 
[0035] A speci?c variation of the eighth aspect of the inven 
tion provides the plurality of electronic modules are located 
Within the same application speci?c integrated circuit. A fur 
ther variation provides an analog-to-digital converter Within 
the includes a voltage up converter and is included in the 
ASIC. 

[0036] 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 treat 
ment 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 
has a SEEPROM and a static RAM that interface With the MD 
processor. 
[0037] A tenth 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 treat 
ment 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 
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telemetry system sends messages to or receives messages 
from the MD telemetry system, Wherein the communication 
device has a SEEPROM and a static RAM that interface With 

the CD processor. 

[0038] A eleventh aspect of the invention provides a medi 
cal system that includes (a) an ambulatory medical device 
(MD) that includes MD electronic control circuitry that fur 
ther 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device includes an infusion pump for selectively dispensing a 
drug and a sensor for detecting a state of the body, and 
Wherein the at least one MD processor controls, at least in 
part, the sensor and the pump. 

[0039] 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 treat 
ment 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 processor is 
incorporated into an application speci?c integrated circuit 
that additionally incorporates internal RAM, internal ROM 
and at least one of the folloWing (1) a synchronous serial 
interface, (2) pieZo alarm driver, (3) pump driver control, (4) 
SEEPROM interface, (5) timer module, (6) Watchdog timer, 
or (7) digital modulation and demodulation. 
[0040] A thirteenth aspect of the invention provides a medi 
cal system that includes (a) an ambulatory medical device 
(MD) that includes MD electronic control circuitry that fur 
ther 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device, When fully operating, consumes more than about 12 
[1W and When in a stand by poWer-saving mode, consumes 
less than about 100 uW. 
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[0041] In a speci?c variation of the thirteenth aspect of the 
invention, the fully operational state consumes no more than 
about 4 milliamps and the stand by poWer saving state con 
sumes less than about 25 [1A. 
[0042] 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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the at least one 
MD processor includes at least tWo MD processors. 
[0043] In a speci?c variation of the fourteenth aspect of the 
invention the tWo MD processors are programmed to perform 
different functions. In a further variation the tWo MD proces 
sors comprise a ?rst MD processor and a second MD proces 
sor and Wherein the ?rst MD processor controls telemetry 
based communications and the second MD processor con 
trols non-telemetry based communications. 
[0044] In a speci?c variation of the fourteenth aspect of the 
invention the tWo MD processors are implemented in the form 
of tWo separate application speci?c integrated circuits along. 
[0045] In a speci?c variation of the fourteenth aspect of the 
invention the tWo MD processors operate off the same crystal 
oscillator and Wherein a ?rst frequency signal from the crystal 
oscillator is used in the creation of a plurality of different 
frequency clock signals. In a further variation a timing signal 
generated by a second oscillator is compared to a timing 
signal of at least one of the different frequency clock signals. 
In a further variation either the second oscillator includes a 
crystal oscillator circuit or the second oscillator includes an 
RC oscillator circuit. 
[0046] In a speci?c variation of the fourteenth aspect of the 
invention the at least tWo MD processors comprise a ?rst MD 
processor and a second MD processor and Wherein the ?rst 
MD processor monitors at least one operation of the second 
MD processor. 
[0047] In a speci?c variation of the fourteenth aspect of the 
invention the medical device provides a treatment to the body 
of the patient and Wherein the at least tWo MD processors 
comprise a ?rst MD processor and a second MD processor, 
respectively, and Wherein appropriate operation of both the 
?rst and second MD processors are required for the medical 
device to provide a medically signi?cant treatment to the 
body of the patient. 
[0048] In a speci?c variation of the fourteenth aspect of the 
invention the tWo MD processors are capable of controlling 
telemetry operations and Wherein the system is con?gured to 
have a single MD processor control telemetry transmission or 
reception at any one time. 
[0049] In a speci?c variation of the fourteenth aspect of the 
invention the tWo MD processors comprise a ?rst MD pro 
cessor and a second MD processor and Wherein the ?rst MD 
processor receives data from a device that senses a state of the 
body While the second MD processor transmits as Well as 
receives data from the device that senses. 
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[0050] In a speci?c variation of the fourteenth aspect of the 
invention the at least tWo processors are formed on a single 
die. 
[0051] A ?fteenth aspect of the invention provides a medi 
cal system that includes (a) an ambulatory medical device 
(MD) that includes MD electronic control circuitry that fur 
ther 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein at least one of 
the medical device and the communication device includes a 
plurality of electronic modules, Wherein at least one of the 
modules is at least a portion of the time sWitched from an 
active state to a poWer saving state (eg static state) When not 
in use and sWitched again to an active state When needed. 

[0052] In a speci?c variation of the ?fteenth aspect of the 
invention, at least one of the folloWing Will occur, at least one 
module is sWitched from an active state to an inactive state by 
operation of softWare, at least one module is sWitched from a 
poWer saving state to an active state by operation of softWare, 
at least one module is sWitched from an active state to an 

inactive state by operation of hardWare, at least one module is 
sWitched from a poWer saving state to an active state by 
operation of hardWare, at least one of the plurality of elec 
tronic modules is sWitched from an active state to a poWer 
saving state by WithdraWing poWer from the module, or at 
least one of the plurality of electronic modules is sWitched 
from an active state to a poWer saving state by Withdrawing a 
clock signal from the module. 
[0053] In a speci?c variation of the ?fteenth aspect of the 
invention the plurality of electronic modules comprise one or 
more of (1) a CPU, (2) ROM, (3) a RAM module, (4) a 
synchronous serial interface, (5) an audio alarm driver, (6) a 
pump driver, (7) a SEEPROM, (8) an analog-to-digital con 
verter, (9) a telemetry system, (8) a bit map LCD, (9) a sensor 
driving circuit, (10) a voltage divider circuit, (1 1) a vibration 
alarm driver, or (12) a timer module. 
[0054] In a speci?c variation of the ?fteenth aspect of the 
invention at least one MD processor includes a CPU module 
and a plurality of other electronic modules, or at least one CD 
processor includes a CPU module and a plurality of other 
electronic modules. 
[0055] In a speci?c variation of the ?fteenth aspect of the 
invention at least one MD processor includes a single appli 
cation speci?c integrated circuit, or at least one CD processor 
includes a single application speci?c integrated circuit. 
[0056] A sixteenth aspect of the invention provides a medi 
cal system that includes (a) an ambulatory medical device 
(MD) that includes MD electronic control circuitry that fur 
ther 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 
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at least one CD telemetry system and at least one CD proces 
sor 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 mes 
sages from the MD telemetry system, Wherein at least one 
MD processor includes an application speci?c integrated cir 
cuit, and the application speci?c integrated circuit is con?g 
ured to monitor an electrical activity of a ?rst component or 
module. 
[0057] In a speci?c variation of the sixteenth aspect of the 
invention the monitored electrical activity is compared to a 
prede?ned value, range of values, or Waveform. In a further 
variation the comparison is used to ensure that the ?rst com 
ponent or module is operating under acceptable conditions. 
[0058] In a speci?c variation of the sixteenth aspect of the 
invention the ?rst component or module is located either 
Within the application speci?c integrated circuit, or is located 
external to the application speci?c integrated circuit. 
[0059] A seventeenth 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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein a ?rst portion 
of the medical device is located in at least a ?rst biocompat 
ible housing and a second portion of the medical device is 
located in a second separated biocompatible housing, 
Wherein the ?rst and second housings are functionally con 
nected. 
[0060] In a speci?c variation of the seventeenth aspect of 
the invention the medical device includes an implantable 
infusion pump for selectively dispensing a drug and Wherein 
a battery forpoWering the medical device is located in the ?rst 
housing and a reservoir for holding a supply of the drug is 
located Within the second housing, and Wherein the functional 
connection includes a lead. In a further variation the invention 
the processor and telemetry system are also located Within the 
?rst housing and Wherein a pumping mechanism is located 
Within the second housing. 
[0061] In a speci?c variation of the seventeenth aspect of 
the invention the medical device includes an implantable 
sensor for sensing a selected state of the body, Wherein the 
medical device further includes a reservoir and a pumping 
mechanism for dispensing a desired drug from the reservoir to 
the body of the patient, and Wherein the pumping mechanism 
and the reservoir are in the ?rst housing and the sensor is in the 
second housing, and Wherein the functional connection 
includes a telemetry system or a lead. 

[0062] A eighteenth 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, opera 
tion of the MD telemetry system and operation of the medical 
device, Wherein the medical device is con?gured to provide a 
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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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device includes a rechargeable battery and a non-recharge 
able battery. 
[0063] In a speci?c variation of the eighteenth aspect of the 
invention the medical device automatically sWitches from the 
rechargeable battery to the non-rechargeable battery When a 
voltage of the rechargeable battery falls beloW a prede?ned 
level. In a further variation the medical device automatically 
sWitches from the non-rechargeable battery When the voltage 
of the rechargeable battery rises to a certain level. 
[0064] In a speci?c variation of the eighteenth aspect of the 
invention the rechargeable battery is charged by induction or 
through a conductive path established by at least one hypo 
dermic needle. 
[0065] A nineteenth 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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device includes a component that requires activation to per 
form an intended function and Wherein the activation state for 
the component is monitored, at least during preselected peri 
ods, by a monitoring circuit. 
[0066] In a speci?c variation of the nineteenth aspect of the 
invention circuitry or a processor running a program is pro 
vided that causes an estimated activation time, for the com 
ponent, to move incrementally closer to an optimal activation 
time based on a comparison betWeen a desired activation level 
and an activation level resulting from activating the compo 
nent for the estimated activation time. 
[0067] In a speci?c variation of the nineteenth aspect of the 
invention the activation state is monitored by monitoring at 
least one of voltage, current, charge supplied, energy sup 
plied, or poWer supplied for a given period of time. 
[0068] A tWentieth aspect of the invention provides a medi 
cal system that includes (a) an ambulatory medical device 
(MD) that includes MD electronic control circuitry that fur 
ther 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 proces 
sor that controls, at least in part, operation of the CD telemetry 
system and operation of the communication device, Wherein 
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the CD telemetry system sends messages to or receives mes 
sages from the MD telemetry system, Wherein events of at 
least one selected type of activity are retained Within a log 
Within the medical device. 

[0069] In a speci?c variation of the tWentieth aspect of the 
invention the events retained in the log are provided With a 
time stamp indicative of When the activity occurred based on 
a continuously incrementing clock and a prede?ned point in 
time, or Wherein the events are retained in the log With a time 
stamp indicative of the actual time of day. 

[0070] In a speci?c variation of the tWentieth aspect of the 
invention the medical device includes a glucose sensor and an 
implantable insulin pump Wherein the events comprise peri 
odic glucose values and insulin infusion rates or values. In a 
further variation the glucose sensor is an implantable sensor 
and obtained glucose values are automatically entered into a 
log or the glucose sensor is an external sensor and the glucose 
values are entered automatically into a log or are entered 
manually into the communication device and then entered 
into a log. 

[0071] A tWenty-?rst 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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device includes a reservoir capable of containing a drug and a 
pumping mechanism for transferring the drug from the res 
ervoir to the body of a patient, Wherein the communication 
device is capable of being programmed With at least tWo 
quantities relating to drug delivery, and Wherein the medical 
device is con?gured to deliver a drug based on the combined 
amounts dictated by the at least tWo quantities. 

[0072] In a speci?c variation of the tWenty-?rst aspect of 
the invention the at least tWo quantities comprise a bolus and 
a basal quantity. In a further variation the at least one of the at 
least tWo quantities is programmed as a delivery rate. 

[0073] A tWenty-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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device is an implantable device and includes a memory for 
simultaneously storing a plurality of parameter values that are 
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used for prede?ned time periods, one after the other, to con 
trol the treatment provided to the body or the monitoring of 
the body. 
[0074] In a speci?c variation of the tWenty-second aspect of 
the invention the medical device is an infusion pump and 
successive parameter values control delivery of a basal rate 
delivery for a successive, prede?ned periods of time. In a 
further variation the use of each parameter value is repeated in 
a cyclic manner, When no overriding commands are provided. 
[0075] A tWenty-third 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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device is programmed to automatically deliver a prede?ned 
quantity of treatment to the body of the patient using a pre 
de?ned variable rate delivery pro?le. 
[0076] A tWenty-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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device includes a reservoir for containing a drug and a pump 
ing mechanism for transferring the drug from the reservoir to 
the body of the patient, Wherein at least one of the medical 
device or the communication device has a memory for storing 
information related to the amount of drug dispensed With 
each unit of activation of the pumping mechanism and uses 
this information in calculating delivery amounts to program 
into the medical device. 

[0077] In a speci?c variation of the tWenty-fourth aspect of 
the invention the pumping mechanism includes a piston pump 
having a stroke volume Wherein the unit of activation of the 
pumping mechanism is one stroke volume. 

[0078] A tWenty-?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, opera 
tion 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 
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at least one CD telemetry system and at least one CD proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device further includes a reservoir capable of holding a drug 
and a pumping mechanism, controlled by the MD processor, 
for transferring the drug from the reservoir to the body, 
Wherein the medical device is controlled to change opera 
tional modes based at least in part on a detected or an esti 

mated amount of drug remaining in the reservoir being at or 
beloW a predetermined level. 

[0079] In a speci?c variation of the tWenty-?fth aspect of 
the invention the change of operational modes causes the 
medical device to stop delivering medically signi?cant quan 
tities of the drug to the body. In a further variation the medical 
device continues to attempt to periodically deliver small but 
medically insigni?cant quantities of the drug after the change 
in operational modes. 
[0080] In a speci?c variation of the tWenty-?fth aspect of 
the invention after adding more drug to the reservoir to cause 
the amount therein to exceed the predetermined level, a user 
issued command is required to shift the operational mode of 
the medical device so that medically signi?cant quantities of 
the drug may be delivered. 
[0081] In a speci?c variation of the tWenty-?fth aspect of 
the invention the medical device or the communication device 
is programmed to signal the patient of a loW reservoir condi 
tion based at least in part on a detected or an estimated amount 
of drug remaining in the reservoir being at or beloW a pre 
scribed level, Wherein the prescribed level is greater than the 
predetermined level. In a further variation the prescribed level 
is de?ned such that an initial signal based on the prescribed 
level is provided to the patient at least one Week before a drug 
level in the reservoir reaches the predetermined level. 

[0082] A twenty-sixth aspect of the invention provides a 
medical system that includes (a) an electronically controlled 
ambulatory medical device (MD) including at least one MD 
telemetry system and at least one MD processor for control 
ling the MD telemetry system and for controlling 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) including at least one CD processor and at least one CD 
telemetry system, controlled by the CD processor, that sends 
messages to or receives messages from the medical device, 
Wherein the medical device further includes a reservoir 
capable of holding a drug and a pumping mechanism, con 
trolled by the MD processor, for transferring the drug from 
the reservoir to the body, Wherein the medical device is con 
?gured to provide at least tWo signals of reservoir level, 
Wherein a ?rst signal indicates the amount of drug remaining 
in the reservoir is at or beloW a loW level While a second signal 
indicates the amount of drug remaining in the reservoir is at or 
beloW a predetermined amount that is less than that remaining 
at the loW level, Wherein the ?rst signal provides an indication 
that the reservoir should be re?lled, and the second signal is 
used to limit pumping activity. 
[0083] In a speci?c variation of the twenty-sixth aspect of 
the invention the pump is a piston pump and the ?rst signal is 
generated at least in part by consideration of an amount dis 
pensed per pump stroke and a number of pump strokes initi 
ated. 
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[0084] A tWenty-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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device has the capability of reducing the treatment it supplies 
to the body to a medically insigni?cant level if the medical 
device and the communication device have not exchanged a 
selected type of message Within a prede?ned time period or at 
a prede?ned time. 
[0085] A tWenty-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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device includes at least one counter that records the number of 
selected events that have occurred. 
[0086] In a speci?c variation of the tWenty-eighth aspect of 
the invention the at least one counter is a time counter. In a 
further variation the time counter counts minutes that have 
lapsed since initialization of the medical device. 
[0087] In a speci?c variation of the tWenty-eighth aspect of 
the invention the pump is a piston pump and at least one 
counter is a pump stroke counter. In a further variation either 
the pump stroke counter is reset after a drug reservoir Within 
the medical device is re?lled, or the pump stroke counter 
continues to increment With each pump stroke since the ini 
tialization of the medical device. 

[0088] In a speci?c variation of the tWenty-eighth aspect of 
the invention the at least one counter counts telemetry trans 
mission time. 

[0089] A tWenty-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, opera 
tion 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 proces 
sor that controls, at least in part, operation of the CD telemetry 
system and operation of the communication device, Wherein 
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the CD telemetry system sends messages to or receives mes 
sages from the MD telemetry system, Wherein the medical 
device is con?gured to provide quantized amounts of treat 
ment to or monitoring of the body of a patient, and Wherein 
the medical device is con?gured With at least one treatment 
amount or monitoring amount accumulator that alloWs frac 
tional portions of the quantized amounts to be periodically 
added into the accumulator. 

[0090] In a speci?c variation of the tWenty-ninth aspect of 
the invention the accumulator includes a treatment amount 
accumulator. In a further variation the medical device 
includes an infusion mechanism controlled by the MD pro 
cessor, Wherein the medical device is con?gured to provide a 
quantized amount of a drug to the body of a patient, and 
Wherein the treatment amount accumulator is a dispensing 
amount accumulator. In a further variation the system is pro 
gramed to alloW the quantitized amount of a drug to be 
infused When an amount in the accumulator is equal to or 
exceeds the quantized amount and Wherein the amount in the 
accumulator is decremented by the quantized amount based 
on each quantized amount infused. 

[0091] A thirtieth aspect of the invention provides a medi 
cal system that includes (a) an ambulatory medical device 
(MD) that includes MD electronic control circuitry that fur 
ther 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device is con?gured to inhibit at least tWo functions from 
occurring simultaneously. 
[0092] In a speci?c variation of the thirtieth aspect of the 
invention either the con?guration is set at least in part by 
softWare or the con?guration is set by hardWare. 

[0093] In a speci?c variation of the thirtieth aspect of the 
invention, either one of the functions includes telemetry 
transmission, one of the functions includes telemetry recep 
tion, or one of the functions includes charging a circuit that is 
used to activate an infusion pump. 

[0094] A thirty-?rst 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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device monitors an MD voltage of an MD battery in the 
medical device and generates an MD voltage log. 
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[0095] In a speci?c variation of the thirty-?rst aspect of the 
invention the log includes a plurality of MD voltage values for 
each of a plurality of different current drain states. 
[0096] A thirty-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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein both the medi 
cal device and the communication device have memories for 
storing selected data about system operation, Wherein at least 
a portion of the selected data is duplicated in the medical 
device and the communication device. 
[0097] In a speci?c variation of the thirty-second aspect of 
the invention the medical device is programmed to periodi 
cally synchroniZe the duplicated data. 
[0098] In a speci?c variation of the thirty-second aspect of 
the invention at least a portion of the selected data is synchro 
niZed automatically or is synchroniZed in response to a syn 
chroniZation command. 
[0099] A thirty-third 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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein at least one of 
the medical device or the communication device is con?gured 
to alloW selected alarm conditions to be cleared Without 
removing the alarm condition, and Wherein at least one type 
of alarm is reasserted after clearing if the alarm condition has 
not been eliminated Within a prede?ned period of time. 
[0100] A thirty-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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein at least one of 
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the medical device or the communication device may be 
subjected to a plurality of alarm conditions, Wherein alarms 
are prioritized for display in a predetermined order. 
[0101] A thirty-?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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device is programmed to alloW a user to set a plurality of 
parameters to prede?ned default values using the communi 
cation device by issuing a command that does require speci 
?cation of any of the default values. 

[0102] A thirty-sixth 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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device is capable of being programmed to smooth out 
changes in treatment level When making a transition from a 
?rst treatment level to a second treatment level. 

[0103] In a speci?c variation of the thirty-sixth aspect of the 
invention the ?rst treatment level includes a ?rst basal rate 
and the second treatment level includes a second basal rate. In 
a further variation a difference betWeen the ?rst and second 
rate is bridged by at least one step of prede?ned duration 
having a treatment level intermediate to the ?rst and second 
levels. In a further variation the at least one step is at least 
three steps. 
[0104] A thirty-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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein at least one of 
the medical device or communication device includes an 
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alarm that is activated in response to a selected alarm condi 
tion using a ?rst set of alarm parameters, and Wherein at least 
one of the alarm parameters is changed When the selected 
alarm condition is not cleared Within a predetermined period 
of time. 
[0105] In a speci?c variation of the thirty-seventh aspect of 
the invention the alarm parameters include at least one of a 
frequency, a volume, a duration, or a repetition pattern. 
[0106] A thirty-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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device is capable of performing a test of battery voltage With 
a load on the battery. 

[0107] In a speci?c variation of the thirty-eighth aspect of 
the invention the test of battery voltage is performed auto 
matically and periodically. In a further variation, one of the 
following still further variations Will occur, the battery volt 
age is also automatically and periodically checked With the 
battery under a minimal load, at least one selected electrical 
component is forced on to produce the load for testing, or the 
test is made to occur at least in part When at least one selected 
electrical component is poWered on in the performance of its 
normal operation, Wherein the electrical component provides 
a load for the testing. 
[0108] A thirty-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, opera 
tion 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the MD pro 
cessor uses a stack in conjunction With a central processing 
unit and Wherein occurrence of a stack over?oW causes the 
MD processor to be placed in a knoWn state. 
[0109] In a speci?c variation of the thirty-ninth aspect of 
the invention the knoWn state is reached by resetting the 
processor. 
[0110] In a speci?c variation of the thirty-ninth aspect of 
the invention the medical device includes memory having 
valid addresses that are accessible to a central processing unit 
Within the MD processor, Wherein the stack has prede?ned 
memory locations including a ?nal memory location having a 
?nal memory address, and Wherein a next memory address 
after the ?nal memory address is an invalid memory address, 
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and Wherein a stack over?oW directs the central processing 
unit to the invalid memory address Which causes a non 
maskable interrupt that in turn causes the MD processor to be 
placed in the knoWn state. 
[0111] A fortieth 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 treat 
ment 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 MD 
Watchdog circuit is capable of causing at least one MD pro 
cessor to undergo a prede?ned process in the event that the 
Watchdog circuit does not receive a ?rst signal and a second 
signal, Which is different from the ?rst signal, Within a pre 
de?ned or programmable time period. 
[0112] In a speci?c variation of the fortieth aspect of the 
invention the prede?ned process causes the MD processor to 
be reset. In a further variation one of the ?rst or second signals 
is a signal generated by mainline softWare. In a further varia 
tion the other of the ?rst or second signals is a signal gener 
ated by interrupt hardWare. 
[0113] A forty-?rst aspect of the invention provides a medi 
cal system that includes (a) an ambulatory medical device 
(MD) that includes MD electronic control circuitry that fur 
ther 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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device monitors electrical activity of at least one electronic 
module or component located Within the medical device and 
compares the electrical activity to at least one predetermined 
value. 
[0114] In a speci?c variation of the forty-?rst aspect of the 
invention, further variations include at least one of the fol 
loWing, (l) the at least one electronic module is located Within 
the MD processor, (2) the at least one electronic module 
includes a crystal oscillator circuit, (3) the at least one elec 
tronic module includes a driver for the treatment or monitor 
ing device, (4) the predetermined value includes an upper and 
loWer limit of a range of values, or (5) the electrical activity 
includes a current How. 

[0115] A forty-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, opera 
tion of the MD telemetry system and operation of the medical 
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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 proces 
sor 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 mes 
sages from the MD telemetry system, Wherein the medical 
device includes an infusion pump for selectively dispensing a 
drug, Wherein the medical device includes a pressure trans 
ducer that provides an indication of pres sure to the at least one 
MD processor and Wherein the MD processor correlates the 
pressure readings from the transducer With the actuation of 
the pump. 
[0116] In a speci?c variation of the forty-second aspect of 
the invention the correlation betWeen pressure readings and 
pump actuation are compared to prede?ned parameters to 
determine the e?icacy of the infusion pump for supplying a 
drug to a patient. In a further variation the pres sure transducer 
is indicative of the pressure in a portion of the How path 
betWeen a pump mechanism and a restricted portion of the 
How path. 
[0117] Additional speci?c variations, provide the medical 
devices of each of the above aspects and above noted varia 
tions as implantable devices such as implantable infusion 
pumps, implantable physiological sensors, implantable 
stimulators, and the like, or external devices such subcutane 
ous delivery infusion pumps or sensors that ascertain a physi 
ological parameter orparameters from subcutaneous tissue or 
from the skin of the patient. Such infusion pumps may dis 
pense insulin, analgesics, neurological drugs, drugs for treat 
ing aids, drugs for treating chronic ailments or acute ailments. 
Sensors may be used to detect various physiological param 
eters such as hormone levels, insulin, pH, oxygen, otherblood 
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. 
[01 18] 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 circuitry includes at 
least one external MD functional module, other than a portion 
of the MD telemetry system, that is external to the MD pro 
cessor, 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 pro 
cessor. 

[0119] Still additional aspects of the invention set forth 
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. 
[0120] Further aspects of the invention Will be understood 
by those of skill in the art upon revieWing the teachings 
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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 rela 
tionships, and processes that have not been speci?cally set 
forth above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0121] The above referred to objects and aspects of the 
present invention Will be further understood from a revieW of 
the description to folloW, the draWings, and the claims set 
forth hereafter, Wherein: 
[0122] FIG. 1a depicts a perspective vieW of the main body 
of the implantable device of the ?rst preferred embodiment; 
[0123] 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; 
[0124] FIG. 2 depicts a perspective vieW of the external 
communication device of the ?rst preferred embodiment; and 
[0125] FIG. 3 depicts a block diagram of the main compo 
nents/modules of both the implantable device and the external 
communication device of the ?rst preferred embodiment. 
[0126] FIG. 4 depicts a block diagram of the main modules 
and components of the control electronics of an implantable 
infusion pump of the and their inter-connections as used in the 
?rst preferred embodiment; and 
[0127] FIG. 5 depicts a block diagram of the various mod 
ules of the Processor IC used in both the implantable device 
and the external communication device of the ?rst preferred 
embodiment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0128] 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 ?led concurrently hereWith 
and incorporated herein by reference in their entireties: (1) 
Docket No. USP-1075-A, (2) Docket No. USP-1076-A, (3) 
Docket No. USP-1077-A, (4) Docket No. USP 1078-A, and 
(5) Docket No. USP-1079-A. 
[0129] US. patent application Ser. No. To Be Determined, 
?led on Jan. 22, 2001 (concurrently hereWith), by Stark 
Weather, et al., entitled “Ambulatory Medical Apparatus and 
Method Having 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 full herein. This application provides teach 
ings concerning an implantable medical device (e. g. 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 pro 
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vided validation code must compared to a derived validation 
code prior to accepting the validity of the replacement soft 
Ware. 

[0130] US. patent application Ser. No. To Be Determined, 
?led on Jan. 22, 2001 (concurrently herewith), by Lebel, et 
al., entitled “Ambulatory Medical Apparatus and Method 
Using a Robust Communication Protocol”, corresponding to 
Medical 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 telem 
etry Wherein messages are transmitted under a robust com 
munication protocol. The communication protocol gives 
enhanced assurance concerning the integrity of messages that 
impact medical operations of the implantable device. Mes 
sages 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 ele 
ments such as sequence numbers, bolus numbers, and dupli 
cate data elements. A telemetry 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. 

[0131] US. patent application Ser. No. To Be Determined, 
?led on Jan. 22, 2001 (concurrently hereWith), by BoWman, et 
al., entitled “Ambulatory Medical Apparatus and Method 
using a Telemetry System With Prede?ned Reception Listen 
ing Periods”, corresponding to Medical Research Group, Inc. 
Docket No. USP-1077-A, is hereby incorporated herein by 
the reference as if set forth in full herein. This application 
provides teachings concerning an implantable medical device 
(e. g. infusion pump) and an external device that communicate 
With one another via telemetry messages that are receivable 
only during listening WindoWs. Each listening WindoW is 
open for a prescribed listening period and is spaced from 
other listening WindoWs by an interval. The listening period 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, and this is accomplished by the 
transmitter maintaining an estimate of prescribed listening 
start times and attempting to send messages only during lis 
tening 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. 

[0132] US. patent application Ser. No. To Be Determined, 
?led on Jan. 22, 2001 (concurrently hereWith), by Lebel, et 
al., entitled “Ambulatory Medical Apparatus With Hand Held 
Communication 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 hand 
held communication 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 pro 
vides feedback to a user via a visual display, an audio alarm, 
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and a vibrational alarm, 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, bat 
tery and drug level displays that decrement, and a moving 
delivery state display. Various screens alloW operational or 
log information to be displayed and/or user entry of com 
mands. Program features When disable are removed from a 
series of screen options that can be scrolled through. 

[0133] US. patent application Ser. No. To Be Determined, 
?led on Jan. 22, 2001 (concurrently hereWith), by Stark 
Weather, et al., entitled “Method and Apparatus for Commu 
nicating BetWeen an Ambulatory Medical Device and Con 
trol Device Via Telemetry Using Randomized Data”, 
corresponding 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 teach 
ings concerning an implantable medical device (e. g. infusion 
pump) and handheld communication device that communi 
cate With one another via telemetry Wherein transmitted mes 
sages have enhanced numbers of and/or regularity of bit tran 
sitions 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 por 
tions of messages that are transmitted in a Way that alloWs the 
receiver to extract the original data from the received random 
ized data. Preferred randomization techniques modify (i.e. 
randomize) the data using a CRC value that is being accumu 
lated While simultaneously causing the modi?ed data to 
modify subsequent accumulation of the CRC itself. Upon 
reception, the reversal of data randomization is then made to 
occur so that the intended message is appropriately received. 

[0134] The ?rst embodiment of the present invention pro 
vides a long term implantable medical delivery system that 
controllably supplies insulin to the body of a patient af?icted 
With diabetes mellitus. This embodiment includes an implant 
able 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 lim 
ited 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 inter 
acts 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 mo st preferably at least once 
per day, on average. 

[0135] The implantable medical device (MD) includes a 
biocompatible 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, monitor 
ing, and communication electronics located Within the hous 
ing. In alternative embodiments various portions of implant 
able 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 
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mounted housing; or a telemetry antenna may mounted on the 
outside surface of the housing, or extend along the catheter 
[0136] The external communication device (CD) commu 
nicates commands to the medical device, receives informa 
tion from the medical device, and communicates system sta 
tus and system history to the patient. The external 
communication device includes a housing; a keypad mounted 
on the housing; 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 alterna 
tively, the display may be replaced in Whole or in part by a 
speech generation system or other audio communication sys 
tem. 

[0137] 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. 
[0138] The outer appearance of the external communica 
tion 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 3 6 is positioned. The panel 3 6 
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 38e 
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, respectively. The 
back portion 34b of the housing is ?tted With a door under 
Which a compartment is located for holding a replaceable 
battery. The external communication device (CD) is a hand 
held device that alloWs a user to program and communicate 
With the implantable device. The external communication 
device of the present embodiment preferably has a Weight of 
less than about ounces, a thickness of less than about 0.8 
inches, a Width of less than about 2.8 inches, and a length of 
less than about 4.0 inches. 

[0139] The implantable device includes a memory for stor 
ing program code and data. A portion of the memory in the 
implantable device is preferably used to store con?guration 
information for the external communication device and for 
the implantable device itself. This alloWs the con?guration 
data to be reloaded into a replacement external communica 
tion device if the original should be lost or damaged. This 
memory is also used to store system operation information in 
the form of activity logs and counters, such an insulin delivery 
log. Various portions of the contents of implantable device 
memory are doWnloaded to the external communication 
device periodically. The doWnloads to the external commu 
nication device may occur manually, automatically, or semi 
automatically. 
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[0140] The implantable device control electronics include 
various self-checking mechanisms to ensure that reliable 
operation of the system occurs. For example, as the pumping 
mechanism in this ?rst embodiment requires a ?ring voltage 
that is signi?cantly greater than the supply voltage, a pre-?re 
voltage on the pump ?ring circuit is checked to ensure it is 
large enough to cause the pump to execute a full stroke. After 
?ring, the voltage is checked again, to ensure that discharging 
of the circuit occurred. Each processor is monitored by a 
Watchdog circuit that must be serviced, periodically. As 
implemented in the softWare, servicing must occur at both the 
interrupt level and at the mainline code level to ensure that the 
processor has not malfunctioned at either level. Insulin deliv 
ery calculations are performed by both processors in such a 
manner that both processors must agree on the quantity and 
timing of insulin delivery. If an error of a signi?cant nature is 
found in the system, the implantable device may be placed in 
a protective mode (i.e. suspend mode or stop mode) Where 
insulin delivery is cut back to a medically insigni?cant rate 
(eg about 1 pump stroke per hour) or stopped completely. It 
is preferred to have a small amount of insulin be delivered 
periodically to help prevent the occurrence of catheter block 
age. In any event, if system failure does occur the system 
effectively stops delivery and attempts to Warn the patient. 
[0141] As the implantable device is controlled by messages 
that it receives from the external communication device, mes 
sages sent to the implantable device have their accuracy and 
appropriateness checked With varying degrees of scrutiny 
depending on the critically of the message. 
[0142] First, for example, all most all messages are sent 
from a particular external communication device to a particu 
lar implantable device using explicit identi?cation informa 
tion of the receiver to identify itself as the intended recipient. 
It is considered desirable to use identi?cation information 
With messages that relate to medical treatment (e. g. the 
changing of insulin infusion rates). More particularly it is 
desirable to use identi?cation information With messages that 
relate to changing medical treatment in a Way that could have 
acute rami?cations (e. g. to over supplying a drug such as 
insulin as opposed to under supplying the drug). 
[0143] Second, the identity of the sender is preferably 
embedded implicitly in the message. This implicit embedding 
occurs by using the identi?cation information of the sender in 
calculating a cyclical redundancy code (CRC) that is sent 
With the message. As such, the implantable device must knoW 
the identity of the sender in order to successfully check the 
content of the message against the transmitted CRC. 
[0144] Third, the values of the data in the message are 
compared to an operation code (Op Code) sent With the mes 
sage to ensure that the code and data are compatible. This Op 
Code is also used to set the siZe of the most messages, thereby 
providing a mechanism to increase electrical ef?ciency of the 
system by providing a Way to limit reception time to only that 
amount necessary to receive a particular message. 

[0145] Fourth, if the message pertains to drug delivery, the 
message is sent With redundant data that must match for the 
message to be interpreted as valid. If for any reason the 
message is interpreted as invalid, the message is ignored. 
[0146] To avoid problems associated With long transmis 
sions that may otherWise contain long strings of non-transi 
tioning data (i.e. long strings of l s or 0 s), the data portion of 
most messages are randomiZed prior to transmission and 
de-randomiZed upon receipt. For energy savings and time 
savings, randomization and de-randomiZation preferably 
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occur in a single pass through the data and preferably utilize 
the semi-random attributes of the CRC tables from Which 
CRC codes are built. 

[0147] In the event that an error or other signi?cant event 
occurs in the implantable device, the device may attempt to 
inform the patient of the event by sending a telemetry mes 
sage to the external communication device or alternatively by 
activating an audio alarm mechanism Within the implantable 
device itself. 
[0148] The implantable device is preferably con?gured so 
that the softWare running in it can be replaced or upgraded if 
the need should arise. The softWare may be doWnloaded into 
the implantable device through telemetry. The implantable 
device may be operated under tWo types of software: (1) 
bootloader code, or (2) application code. The bootloader code 
may be broken doWn into ?rst stage boot loader code Which is 
stored in the ROM that is internal to the ASIC and second 
stage bootloader code that is stored in a SEEPROM or other 
non-volatile memory associated With each ASIC. The boot 
loader code and application code are different for each ASIC. 
[0149] The bootloader code does not care about the appli 
cation in Which the implantable device may be used. The 
bootloader code is not concerned With Whether, the implant 
able device is an infusion device, a sensor, a stimulator, or the 
like, or a combination thereof. On the other hand, the appli 
cation code is concerned With the medical functionality of the 
device and thus is designed speci?cally for a given type of 
application. As such, if an implantable device includes a 
pump and Was initially con?gured (i.e. loaded With speci?c 
application softWare) to Work With one drug (e.g. insulin) in 
one manner (eg alloWing different preprogrammed basal 
rate changes to occur at the beginning of each half hour of the 
day and alloWing simultaneous use of an immediate bolus and 
an extended bolus), it could be recon?gured to operate in a 
completely different manner While using the same drug or a 
different drug by simply changing its application code. The 
replacement of application code in this context is different 
from a mere change in program variables that may alloW 
various control limits to be changed or even to alloW the code 
to execute different algorithms that are preexistent Within the 
code. The replacement of application code in this context 
involves the replacement of at least portions of the code that 
set forth program algorithms. 
[0150] When operating under control of the bootloader 
code, the implantable device alloWs certain telemetry opera 
tions to occur and also alloWs doWnloading of neW applica 
tion code, but does not alloW any drug delivery. The applica 
tion code When controlling the system, on the other hand, 
knoWs hoW to handle drug delivery but is not capable of 
doWnloading neW code, or otherWise modifying itself (other 
than to accept changes in parameter values). The bootloader 
code is also designed and operated in such a Way that neW 
bootloader code can be doWnloaded to the SEEPROM if an 
upgrade is felt to be appropriate. 
[0151] In alternative embodiments, it is possible to merge 
the functionality of the second stage bootloader code and the 
application code into a single piece of code that can be 
upgraded as desired. In still further embodiments, it may be 
possible only to upgrade the application code and not the 
second stage bootloader code. 
[0152] As noted above, the implantable device assembly 
includes a detachable catheter and sideport that provides a 
pathWay for the insulin to a desired infusion location in the 
patient’s body (e.g. into the patient’s peritoneal cavity). The 
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sideport alloWs for non-surgical diagnosis of a catheter block 
age by using pressure. The sideport alloWs introduction of a 
re?ll needle and small syringe to clear an obstructed catheter 
(eg using up to 110 psi of pressure). The sideport also alloWs 
the introduction of a re?ll needle and a pipet to verify pump 
stroking. The catheter includes a check valve that seals (eg at 
betWeen 0.5 to 3 psid) and provides a redundant valve outside 
the pump to prevent medication or body ?uids from back 
?oWing into the implantable device reservoir. The sideport in 
conjunction With the check valve facilitates rinsing the ?uid 
path Within the implanted device With sodium hydroxide, or 
other functionally similar material, by alloWing ef?uent to be 
draWn out the sideport rather than pumped out the catheter tip. 
In alternative embodiments, a sideport may not be used. 

[0153] As noted above, the external communication device 
has both an audio alarm and a vibrator for alerting the patient 
or user of Warnings and alarm conditions. The user has some 
control over the selection of audio alarm or vibration While 
the system can automatically sWitch from vibration to audio if 
the vibrational alarm is not responded to in a timely manner. 
The audio alarm is programmable to emit at different frequen 
cies, at different volume levels, for different durations, and 
With different repetition patterns. These various alternatives 
are used to signal different conditions. The vibratory alarm is 
also programmable to go off for different durations and With 
differing repetition patterns. In alternative embodiments, 
only one type of alarm may be used and it may be used With 
or Without different frequencies, volumes, durations, or loud 
nesses. 

[0154] The softWare controlling the external communica 
tion device is permanently stored Within the external commu 
nication device using a non-volatile memory such as a serial 
electrically erasable programmable read only memory 
(SEEPROM) and is transferred to random access memory 
(RAM) for execution. The code being executed in RAM can 
be reloaded from that SEEPROM as needed. SoftWare located 
Within the SEEPROM can be replaced With neW softWare 
under controlled conditions. The external communication 
device is provided With su?icient memory capability to store 
a duplicate, or upgrade, version of application softWare for 
the implantable device as Well as to store about 120 days of 
operational data. Under controlled conditions the external 
communication device may be reset to its default con?gura 
tion automatically (i.e. upon command Without the user hav 
ing to speci?cally identify speci?c parameter values). In 
alternative embodiments the softWare may be stored in a 
different device (eg a physical ROM, volatile RAM, non 
volatile RAM, or in a replaceable plug in module). The soft 
Ware may be divided into bootloader and application code 
portions. 
[0155] As noted above, the implantable device and external 
communication device communicate With each other through 
radio frequency telemetry Where reception and transmission 
Within the implantable device uses an antenna that is located 
Within the metallic device housing based on a carrier fre 
quency that alloWs an acceptable amount of signal to pen 
etrate through the housing and through the human body. In 
alternative embodiments, an antenna for the implantable 
device may be placed on the housing or be otherWise located 
external to the housing so that outgoing and/or incoming 
signals need not penetrate the housing material. For the 
present embodiment the preferred frequency is either about 
131 kHZ or about 262 kHZ. The preferred data transfer rate is 
at about 8200 bits/second. In alternative embodiments, dif 


























































