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(57) ABSTRACT 

Systems and methods for telemetric communication between 
a handheld programmer and an implantable medical device 
are disclosed. A preferred embodiment comprises a user 
friendly, color, touch-sensitive screen that allows the user to 
visually observe and control the handheld's operation. The 
handheld further comprises an internal and/or external ana 
lytical means to provide robust analytical capabilities. Some 
embodiments of a system disclosed herein can be configured 
as a component of an Advanced Patient Management System 
that helps better monitor, predict and manage chronic dis 
CaSCS. 
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METHOD AND APPARATUS FOR 
COMMUNICATION BETWEENA 

HAND HELD PROGRAMMER AND AN 
IMPLANTABLE MEDICAL DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 10/835,043, filed Apr. 29, 2004, the entirety of 
which is incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present device relates generally to implantable 
medical devices and particularly, but not by way of limitation, 
to an external device that can communicate with an implant 
able device to monitor and control its operation. 

BACKGROUND 

0003. When functioning properly, the human heart main 
tains its own intrinsic rhythm based on physiologically-gen 
erated electrical impulses. It is capable of pumping adequate 
blood throughout the body's circulatory system. Each com 
plete cycle of drawing blood into the heart and expelling it is 
referred to as a cardiac cycle. 
0004. However, some people have abnormal cardiac 
rhythms, referred to as cardiac arrhythmias. Such arrhyth 
mias result in diminished blood circulation. Arrhythmias can 
occur in the upper chambers of the heart—the atria, or the 
lower chambers of the heart—the ventricles. However, ven 
tricular arrhythmias present the most serious health risk as 
they can lead to rapid death from the lack of circulation. 
Arrhythmias can be subdivided further into specific condi 
tions of the heart that represent vastly different manifestations 
of abnormal cardiac rhythm. These conditions are bradycar 
dia, or a slow heartbeat, and tachycardia, or a fast heartbeat. 
0005 One mode of treating a cardiac arrhythmia uses an 
implantable medical device (“IMD). Such implantable 
medical devices include pacemakers, also referred to as pac 
ers, and defibrillators. The traditional use of a pacemaker is to 
treat a person with bradycardia. In other words, pacemakers 
help speed up the cardiac cycle of a person whose heartbeats 
too slowly. Pacers accomplish this by delivering timed 
sequences of low energy electrical stimuli, called pace pulses, 
to the heart. Such stimuli are delivered via an intravascular 
lead wire or catheter (referred to as a “lead') having one or 
more electrodes disposed in or about the heart. 
0006. In comparison to a pacemaker, an implanted 
defibrillator applies a much stronger electrical stimulus to the 
heart. This is sometimes referred to as a defibrillation coun 
tershock, also referred to simply as a “shock.” The shock 
changes Ventricular fibrillation to an organized ventricular 
rhythm or changes a very rapid and ineffective cardiac rhythm 
to a slower, more effective rhythm. Defibrillators help treat 
cardiac disorders that include ventricular fibrillation, ven 
tricular tachycardia, atrial fibrillation, and atrial flutter. These 
inefficient or too rapid heartbeats reduce the pumping effi 
ciency of the heart and thereby diminish blood circulation. 
The countershock delivered by the defibrillator interrupts the 
tachyarrhythmia, allowing the heart to re-establish a normal 
rhythm for the efficient pumping of blood. 
0007. The cardiac rhythm management devices discussed 
above may also include a wireless sending and receiving 
capability that permits an external programmer or controller 
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to send instructions and receive data from the implanted 
device. Such a controller permits communication with the 
implanted device without the need to physically access the 
implanted device. Such controllers are known for use by 
physicians or other medical personnel to monitor and control 
the function of the implanted device. 
0008. The monitoring or interrogation mode of an external 
programmer or controller is used primarily as a follow-up tool 
to evaluate the implanted device and patient during Subse 
quent office visits. This mode is very important for patients 
who have an implanted defibrillator because, typically, no 
other means exist to efficiently evaluate the condition or 
effectiveness of the device. Normally, patients have to sched 
ule periodic and frequent visits with a clinician to have the 
device checked and may require Surgery if an anomaly is 
detected. 

0009. Such controllers, with limited sets of commands, are 
known to permit a patient to have some control over the 
function of the implanted device. However, patient-operated 
controllers may require an electrical cord providing power 
from a wall outlet or other external power source and may 
include text based messages to communicate with the patient 
regarding the status of the implanted device and to acknowl 
edge receipt of an instruction by the implanted device. 
0010 U.S. Pat. No. 5,311,449 to Adams discloses a ster 
ilizable, hand-held programmer/interrogator for communica 
tion with an implanted defibrillator. The device uses radio 
frequency (RF) telemetry to communicate and transmit data 
to the defibrillator. Device programming and interrogation 
are controlled by “function control keys an “electrome 
chanical key” that controls the device's functionality and a 
“display. The display allows retrieved data to be shown seri 
ally on two lines of sixteen characters each. The 449 patent 
does not disclose a touch-sensitive, color screen as a display 
option or the ability to communicate with other sensors 
adapted to monitor other physiological parameters. 
0011 U.S. Pat. No. 6,006,132 to Tacker, Jr., et al., dis 
closes a non-implantable communication device that is hand 
held and adapted to communicate with an implantable atrial 
defibrillation device to monitor the status of the device and 
program its operation. According to the 132 patent, the hand 
held communication device is adapted to provide positive 
feedback to the patient when making an external command by 
including both an acknowledgement that the command was 
received and a description of the task being performed by the 
implantable device in response to the command. However, 
the 132 patent does not disclose a use of the hand-held 
communication device beyond its compatibility with an atrial 
defibrillator. In addition, the disclosed device is essentially a 
portable communication device with control commands that 
are “vastly limited as compared to the control commands 
which may be derived from the external programmer.” pref 
erably, “simple mode select commands, a therapy sequence 
control command, and a status request control command.” 
See 132 patent, Col. 5, ll. 16-21. Consequently, the 132 
patent does not disclose or teach a hand-held external pro 
grammer with robust command and interrogation capabili 
ties. 

0012 U.S. Pat. No. 6.249,703 to Stanton el al. also dis 
closes a portable programmer. The programmer provides tac 
tile, audible, and visible feedback to the user to convey infor 
mation regarding the proper (or improper) operation of the 
programmer and the implanted device. However, as shown in 
FIG. 2 of the patent, user input keys 19, 20, 21, and 22 are 
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limited to pre-programmed uplink and downlink operations 
and are generally incapable of providing robust input or 
device interrogation means. 
0013 U.S. Pat. No. 6.381,496 to Meadows et al. describes 
a hand-held programmer for implantable or non-implantable 
devices that includes an electronically stored set of transmit 
table operational parameters for the device. Suitable devices 
include spinal cord stimulators, neural stimulators and sen 
sors, deep brain stimulators, cochlear stimulators, drug deliv 
ery systems and muscle tissue stimulators. The programmer 
is further adapted to receive telemetric data from the device 
and, based on that input, change the device's operational 
parameters within certain pre-defined limits. Telemetry may 
be accomplished with modulated RF signals. The patent fur 
ther discusses a touchscreen display as one way to control the 
operation of the programmer. However, the 496 patent does 
not discuss the programmer as a device with robust analytical 
capabilities accessible by the clinician or patient. Nor does 
the patent discuss the programmer as a component of a larger 
network of medical devices. In essence, the 496 patent 
addresses the need of providing a device with context switch 
ing, which is changing one set of operational parameters to 
another set. 

0014 U.S. published patent application no. 2001/ 
0041920, application Ser. No. 09/769,201, describes a hand 
held communication device capable of transmitting data to or 
receiving data from a medical device, preferably an infusion 
pump. The transmitted data is primarily directed towards 
replacement or upgrade software for the medical device. In 
addition, the communication device is capable of transmitting 
patient definable parameters that can be used to modify the 
treatment or monitoring performed by the medical device. 
However, the application does not teach or disclose the use of 
the communication device as a component of a network of 
devices or a robust analytical tool capable of displaying 
device parameters and functions for access and modification 
by the patient or a clinician. 
0015 Similarly, U.S. published patent application no. 
2001/0173830, application Ser. No. 09/768,207, describes a 
communication device of the type described in the 201 appli 
cation discussed above. However, this application focuses on 
improving the communication link between the IMD and the 
communication device by minimizing the risk of synchroni 
zation loss between transmitted and received bits of data. 

0016 U.S. published patent application no. 2002/ 
0082665, application Ser. No. 09/765,484, describes a system 
for monitoring and programming an implantable medical 
device. However, the system comprises a communication 
module operably connected to a mobile telephone and/or a 
personal digital assistant ("PDA). The application does not 
teach or disclose a communication unit that can program an 
IMD without the need for a wireless phone or PDA to bridge 
communication between the IMD and a remote computer 
system or health care provider. 
0017. Another example of a hand-held device for use with 
an implantable medical device is discussed in U.S. published 
patent application no. 2002/0072785, application Ser. No. 
10/068,478. However the 478 application discusses the use 
of a hand-held personal data manager (“PDM) that essen 
tially serves as a data messenger between the implantable 
medical device, a programmer and a networked data center. 
The 478 application does not teach or disclose a hand-held 
programmer that supplants the need for a PDM data bridge. 

Aug. 28, 2008 

0018 None of these references discloses or teaches the 
functionality of a programmer in the size of a handheld 
device. In fact, the programmers in the prior art act primarily 
as repeaters, but are not adapted to process telemetry data and 
present such data in a user-friendly format. As known to those 
of skill in the art, a repeater comprises a system and device 
that electronically collects information from an implantable 
medical device and transmits that information to a centralized 
computer network or server for analysis. 
0019. In addition, existing programmers are bulky and not 
very portable. An advantage of the programmer described 
herein is that it is portable, lightweight and small. Therefore, 
in addition to improved portability, the programmer of the 
present invention will significantly reduce the cost of produc 
tion for manufacturing an IMD programmer. 
0020. Thus, for these and other reasons, there is a need for 
a compact programmer for an implantable medical device 
that is easily accessible by touch-screen control, employs RF 
telemetry to provide robust communication and data analysis 
between the programmer and device, and is adaptable as a 
component of a patient management network. 

SUMMARY 

0021. According to one aspect of the invention, there is 
provided a method and device for robust, telemetric commu 
nication between a user-friendly, handheld programmer and 
an implantable medical device. The handheld is adapted to 
accept changes to the information presented and reprogram 
the implantable medical device with the new information. As 
used herein, a "clinician” can be a physician, physician assis 
tant (PA), nurse, medical technologist, or any other patient 
health care provider. 
0022. A handheld programmer like a PDA or tablet pc will 
communicate with an implantable medical device through 
telemetry. The system is adapted to Support short-range 
inductive telemetry and long range RF telemetry through 
hardware in the handheld. The handheld may be further 
adapted to perform a body Surface electrocardiogram 
(“ECG”). The system programmer may comprise custom 
hardware or hardware known in the art that is capable of 
providing the device with suitable telemetric means. 
0023 To improve user access, the programmer includes a 
touch-sensitive screen and a color display to accept input or 
display information. The programmer may also include a 
compatible cradle. In addition, the programmer can store 
information and is analytically robust enough to display 
information in real time traces from the device and also com 
municate current parameter settings. 
0024. Users will also be able to perform diagnostic tests 
using the handheld. This device can be used during follow-up 
sessions to monitor or reprogram the implantable device. 
Re-programming may also occur remotely. In Such an 
embodiment, the IMD may be monitored and re-programmed 
by a clinician or patient management system at a remote 
location via the telemetric capabilities of the handheld. 
0025. In another embodiment, the handheld communi 
cates with the implantable medical device using induction 
technology. To be effective, Such technology is typically lim 
ited to short-range inter-device communication. 
0026. In yet another embodiment, the handheld commu 
nicates with the implantable medical device using RF tech 
nology. The use of RF technology allows longer-range com 
munication between the handheld and the medical device. 



US 2008/0208292 A1 

0027 Preferably, the handheld comprises a color, touch 
sensitive screen that allows the user to visually observe and 
control the handheld’s operation. The screen in this embodi 
ment may include a liquid crystal display or any other type of 
color display known in the art to provide touch-screen func 
tionality. 
0028. In a further embodiment, the handheld may be 
adapted to serve as a data and/or analytical bridge between an 
implantable medical device and a more traditional program 
mer for such a device. 
0029. In yet a further embodiment, the handheld may be 
adapted or adaptable as a component of a network of other 
handhelds or implantable devices. Configured in this manner, 
the handheld is adapted to consult and analyze data beyond 
the functional limits of the handheld itself. Such a network 
may include an Advanced Patient Management system. 
0030 The various embodiments described above are pro 
vided by way of illustration only and should not be construed 
to limit the invention. Those skilled in the art will readily 
recognize various modifications and changes that may be 
made to the present invention without following the example 
embodiments and applications illustrated and described 
herein, and without departing from the true spirit and Scope of 
the present invention, which is set forth in the following 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031. In the drawings, which are not necessarily drawn to 
scale, like numerals describe substantially similar compo 
nents throughout the several views. Like numerals having 
different letter suffixes represent different instances of sub 
stantially similar components. The drawings illustrate gener 
ally, by way of example, but not by way of limitation, various 
embodiments discussed in the present disclosure. 
0032 FIG. 1 is a diagram illustrating generally, among 
other things, a handheld programmer configured as a PDA or 
tablet pc comprising a color, touch-sensitive screen to pro 
gram and monitor the function of an implantable medical 
device. 
0033 FIG. 2 is a schematic/block diagram illustrating 
generally, among other things, an embodiment of the hand 
held programmer with a compatible cradle in electronic com 
munication with an implantable medical device and/or a net 
work of such devices as components of a computer network. 
0034 FIG. 3 is a schematic/block diagram illustrating 
generally, among other things, another embodiment of the 
handheld programmer in electronic communication with an 
implantable medical device and an APM System comprising 
medical and patient databases and an analytical engine. 

DETAILED DESCRIPTION 

0035. In the following detailed description, reference is 
made to the accompanying drawings that form a part hereof, 
and in which are shown by way of illustration specific 
embodiments or examples. These embodiments may be com 
bined, other embodiments may be utilized, and structural, 
logical, and electrical changes may be made without depart 
ing from the spirit and scope of the present invention. The 
following detailed description is, therefore, not to be taken in 
a limiting sense, and the scope of the present invention is 
defined by the appended claims and their equivalents. 
0036. The present method and device are described with 
respect to a handheld programmerfor an implantable medical 
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device that is adapted to wirelessly communicate with the 
medical device. The programmer may further be adapted to 
communicate with a network of implantable devices. Such a 
network may be mediated by or integrated with an Advanced 
Patient Management (APM) system. The term “patient 
management” refers to the process of creating and collecting 
patient specific information, storing and collating the infor 
mation, and generating actionable recommendations to 
enable the predictive management of patients with chronic 
disease. 
0037 FIG. 1 is a diagram illustrating generally, among 
other things, a handheld programmer configured as a PDA or 
tablet pc 100. The PDA disclosed herein is a modification of 
a PalmTM style PDA. In this embodiment, the programmer 
100 comprises a color, touch-sensitive screen 101 that allows 
the clinician or patient to program and monitor a function 102 
of an implantable medical device. The programmer 100 may 
further comprise means to change the programming menu or 
monitoring options by selecting pre-set programming func 
tions or parameters that can be activated by engaging, for 
example, button 103. As further shown in FIG. 1, the pro 
grammer may be adapted to provide the patient or clinician 
with the ability to interrogate the implantable medical device 
to determine the status of its operation or to provide patient 
diagnostic information. For example, the implantable medi 
cal device may be adapted to sense a physiological parameter, 
like thoracic impedance, as a predictor of a pending asthma 
attack. By using the touch-sensitive screen 101, the patient or 
clinician may be able to monitor this parameter in real-time 
and take pre-emptive measures before such an attack 
becomes acute. Monitoring may take the form of an alpha 
104, numeric 105 or graphical feedback display (not shown). 
The programmer 100 may further be adapted to allow the 
patient or clinician the ability to customize data input or 
display by alphanumeric input means. For example, the pro 
grammer may be programmed through an alphanumeric pad 
106 to interrogate the implantable medical device at specific 
times of the day by entering those times via the alphanumeric 
input pad 106. The programmer 100 may be further pro 
grammed to transmit interrogated data to a computer network 
accessible by a clinician. Transmission of interrogated or 
other data may be accomplished telemetrically 107. Inductive 
and/or RF telemetry are contemplated as suitable transmis 
sion means. However, those skilled in the art will appreciate 
that other means exist, like infrared means for example, to 
transmit data that are consistent with the goals and objectives 
of the present disclosure. The reader should understand the 
embodiments of FIG. 1 are for illustrative purposes only and 
are not intended to define or limit the scope of the present 
disclosure. 

0038 FIG. 2 is a schematic/block diagram illustrating 
generally another embodiment of the handheld programmer 
100 adaptable to communicate 200 with other implantable 
medical devices 201a, 201b and 201c. Such devices may be 
implanted 201d in a patient 202 to monitor multiple physi 
ological parameters. For example, Muscle Sympathetic 
Nerve Activity (MSNA) may be measured with an injectable, 
microelectrode-sensing device. Consequently, the program 
mer 100 may be adapted to monitor and communicate 200 
with a suite of medical devices 201a, 201b, 201c and 201d 
that are implanted in a patient 202 and analyze the data 
reported by each medical device to provide a more compre 
hensive assessment of patient health. The programmer 100 
also may be adapted to analyze and report on multiple medi 
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cal devices 201a, 201b and 201c implanted in different 
patients. One method of accomplishing this is by utilizing a 
computer network 203 to store and analyze the data 204 sent 
to and received from the programmers of different patients. 
This will allow the clinician to simultaneously monitor the 
status of a population of patients to help identify and evaluate 
environmental stressors and other factors that may affect 
groups of patients. In addition, the programmer 100 may be 
programmable to work with more than one patient’s implant 
able medical device so the programmer 100 is interchange 
able between patients. Of course, safety controls could be 
implemented to prevent unauthorized or dangerous use of the 
programmer 100 by a patient or clinician in this embodiment. 
One such safety control might include pre-set programming 
limits for the device that can be changed only by the clinician 
or by the clinician in combination with the manufacturer of 
the programmer and/or medical device. The programmer 100 
also may be adapted with a compatible cradle 205. In this 
embodiment, the cradle 205 may serve as a connectivity port 
or an energy source. The connectivity port might include an 
EthernetTM port, an infrared port, or other wireless ports (not 
shown). The cradle 205 may be adapted with a built-in printer 
206, including a strip chart recorder (“SCR) to provide a 
hardcopy of the data stored in or mediated by the programmer 
100. The cradle can include a printer adapted to print stan 
dard, 8/2 by 11 inch paper, or to electronically communicate 
with an external printer 250, another programmer 252, or an 
APM system 254. The cradle can include a PCMCIA card 
226. 

0039 FIG. 3 is a schematic/block diagram illustrating 
generally another embodiment of the handheld programmer 
100 as a component of a communicative 301 APM system 
300. APM is a system that helps patients, their physicians and 
their families to better monitor, predict and manage chronic 
diseases. APM is particularly useful in maintaining long-term 
data continuity and combining information from medical 
devices, including the method and apparatus for communica 
tion between a handheld programmer 100 and an implantable 
medical device 302 disclosed herein, with patient data from 
other medical databases. In the embodiment shown in FIG.3, 
the APM system 300 comprises three primary components: 1) 
a handheld programmer 100; 2) an implantable medical 
device 302, including at least one sensor adapted to monitor 
physiological functions; 3) a data management system 303 
comprising patient 303a, 303b and medical 303c, 303d data 
bases; and 4) an analytical engine 304 that analyzes data from 
the data management module. APM is designed to Support 
physicians and other clinicians in using a variety of different 
devices, patient-specific and non-specific data, along with 
medication therapy, to provide the best possible care to 
patients. 
0040 All the embodiments of the handheld programmer 
described above may include means to store data. Typically, 
Such means include computer memory systems or devices, 
like a PCMCIA card. Such cards are also capable of providing 
communications and data storage capabilities to the program 
mer. The programmer may be further adapted to provide a 
body surface ECG. A body surface ECG is the reflection of 
the electrical activity of the heart on the surface of the human 
body. 
0041. The various embodiments described above are pro 
vided by way of illustration only and should not be construed 
to limit the invention. The above-described embodiments 
may be used in combination with each other. Those skilled in 
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the art will readily recognize various modifications and 
changes that may be made to the present invention without 
following the example embodiments and applications illus 
trated and described herein, and without departing from the 
true spirit and scope of the present invention, which is set 
forth in the following claims and their equivalents. In the 
appended claims, the terms “including and “in which are 
used as the plain-English equivalents of the respective terms 
“comprising and “wherein.” 

What is claimed is: 
1. A system comprising: 
an implantable medical device, the implantable medical 

device configured to be implanted in a patient; and 
a local patient interface, communicatively coupled to the 

implantable medical device, the programmer configured 
to provide implantable medical device information 
locally to the patient, to locally program the implantable 
medical device using a local patient input, and to 
remotely program the implantable medical device using 
a remote clinician input. 

2. The system of claim 1, wherein the implantable medical 
device information includes an operational status of the 
implantable medical device. 

3. The system of claim 1, wherein the implantable medical 
device information includes patient diagnostic information 
received from the implantable medical device. 

4. The system of claim 1, wherein the local patient interface 
is configured to provide the implantable medical device infor 
mation locally to the patient in response to a patient-initiated 
interrogation. 

5. The system of claim 1, wherein the local patient interface 
is configured to locally program the implantable medical 
device by receiving a patient-selected pre-set programming 
function. 

6. The system of claim 1, wherein the local patient interface 
is configured to provide the implantable medical device infor 
mation remotely to a clinician. 

7. The system of claim 6, wherein the local patient interface 
is configured to provide the implantable medical device infor 
mation remotely to the clinician in response to a clinician 
initiated interrogation. 

8. The system of claim 1, wherein the local patient interface 
is configured to receive the remote clinician input using a 
network. 

9. The system of claim 1, wherein the local patient interface 
is configured to remotely program the implantable medical 
device by receiving a clinician-selected pre-set programming 
function. 

10. The system of claim 1, wherein the local patient inter 
face is configured to transmit the implantable medical device 
information to a computer network accessible by a clinician. 

11. A method comprising: 
providing implantable medical device information locally 

to a patient using a local patient interface communica 
tively coupled to an implantable medical device, the 
implantable medical device configured to be implanted 
in the patient, and the local patient interface configured 
to locally program the implantable medical device using 
a local patient input; and 

remotely programming the implantable medical device 
using a remote clinician input to the local patient inter 
face. 
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12. The method of claim 11, wherein the providing the 
implantable medical device information locally to the patient 
includes providing an operational status of the implantable 
medical device. 

13. The method of claim 11, wherein the providing the 
implantable medical device information locally to the patient 
includes providing patient diagnostic information received 
from the implantable medical device. 

14. The method of claim 11, wherein the providing the 
implantable medical device information locally to the patient 
includes in response to a patient-initiated interrogation. 

15. The method of claim 11, wherein the locally program 
ming the implantable medical device includes receiving a 
patient-selected pre-set programming function. 

16. The method of claim 11, including providing the 
implantable medical device information remotely to a clini 
C1a. 
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17. The method of claim 16, wherein the providing the 
implantable medical device information remotely to a clini 
cian includes in response to a clinician-initiated interroga 
tion. 

18. The method of claim 11, wherein the remotely pro 
gramming the implantable medical device includes receiving 
the remote clinician input using a network. 

19. The method of claim 11, wherein the remotely pro 
gramming the implantable medical device includes receiving 
a clinician-selected pre-set programming function. 

20. The method of claim 11, including transmitting the 
implantable medical device information to a computer net 
work using the local patient interface, wherein the computer 
network is accessible by a clinician. 

c c c c c 


