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TELEMETRY DEVICE FOR A MEDICAL 
DEVICE PROGRAMMER 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/873,264 to Keacher et al. entitled 
“TELEMETRY MODULE FOR A MEDICAL DEVICE 
PROGRAMMER,” and ?led on Dec. 6, 2006, and US. Pro 
visional Application No. 60/ 873,190 to GoetZ et al. entitled 
“MEDICAL DEVICE PROGRAMMING SAFETY,” and 
?led on Dec. 6, 2006. The entire content of each of these 
provisional applications is incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The invention relates to medical devices, and more 
particularly, to a medical device programming system. 

BACKGROUND 

[0003] Clinicians and patients typically communicate With 
an implantable medial device (IMD) using a clinician pro 
grammer (CP) and patient programmer, i.e., patient therapy 
manager (PTM), respectively. For example, a clinician may 
use a CP to perform advanced IMD setup and diagnostics, 
While the PTM may be con?gured to provide a less feature 
rich interface for the patient to interact With the IMD. For 
example, While both the CP and PTM may be used to program 
an IMD and receive diagnostic information from the IMD, the 
PTM is generally only able to make limited programming 
modi?cations, and receive limited diagnostic information 
that is relevant to the patient, e.g., battery status. Both the CP 
and the PTM have traditionally communicated directly With 
the IMD for programming the IMD. 
[0004] CPs and PTMs are computing devices. Tradition 
ally, these computing devices have been special-purpose 
devices, i.e., dedicated to tasks associated With programming 
or otherWise communicating With IMDs. For example, these 
computing devices generally run custom operating systems, 
With only softWare supporting CP or PTM functionality 
loaded thereon. Further, these computing devices are typi 
cally limited in their input/output capabilities, e.g., to com 
municate With IMDs and, in some cases, each other. 

SUMMARY 

[0005] In general, the invention is directed toWards a small 
telemetry device With a limited user interface for program 
ming an implantable medical device (IMD). In one embodi 
ment, the user interface comprises a safe mode button. In 
some embodiments, another programming device With a 
more complex user interface, such as a consumer electronic 
device including the appropriate programming application or 
a clinician programmer (CP), may communicate With the 
IMD via the telemetry device. 
[0006] In some embodiments, the telemetry device 
includes a relatively limited number of programming func 
tions. Thus, it may be desirable to have access to another, 
more complex programming device With richer programming 
features, such as a dedicated medical device programmer, a 
consumer electronic device, or another computing device. 
The telemetry device may be useful for situations in Which the 
dedicated medical device programmer, consumer electronic 
device or other computing device does not have the capability 
to communicate directly With the IMD. The telemetry device 
may be con?gured to communicate according to a plurality of 
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protocols. For example, the telemetry device may be con?g 
ured to communicate according to a ?rst protocol, Which may 
be the same as the communication protocol used by the IMD, 
as Well as a second protocol, Which may be the same as the 
communication protocol used by the dedicated medical 
device programmer, a consumer electronic device, or another 
computing device. In this Way, the telemetry device may be an 
intermediate telemetry link betWeen the IMD and another 
computing device. 
[0007] In other embodiments, the telemetry device may 
also be con?gured to communicate according to a third pro 
tocol, Which may be the same protocol used by another IMD 
or another programming device (e. g., another consumer elec 
tronic device or dedicated medical device programmer). The 
telemetry device may be con?gured to support any suitable 
number of communication protocols for any suitable number 
of devices. 
[0008] In one embodiment, the relatively small telemetry 
device is siZed to ?t in a pocket in a patient’s clothing. For 
example, the telemetry device may be the approximate siZe of 
a key fob for an automobile keyless entry system. In this Way, 
the telemetry device may provide a discreet Way to commu 
nicate With an implanted medical device. 
[0009] In one embodiment, the invention is directed toWard 
a system comprising an IMD con?gured to transmit and 
receive information according to a ?rst communication pro 
tocol, a telemetry device con?gured to program the IMD, and 
a consumer electronic device con?gured to program the IMD. 
The telemetry device comprises a ?rst housing, a ?rst trans 
ceiver disposed Within the ?rst housing and con?gured to 
transmit and receive information according to the ?rst com 
munication protocol, and a second transceiver disposed 
Within the ?rst housing and con?gured to transmit and receive 
information according to a second communication protocol. 
The consumer electronic device comprises a second housing 
separate from the ?rst housing and is con?gured to transmit 
and receive information according to the second communi 
cation protocol. The consumer electronic device is con?gured 
to communicate With the IMD via the telemetry device, and 
the telemetry device includes feWer programming features 
than the consumer electronic device. 

[0010] In another embodiment, the invention is directed 
toWard a method comprising receiving an input from a user 
via a user interface on a consumer electronic device, the user 

input indicating a desired programming change to be imple 
mented into an IMD, generating a programming signal based 
on the user input, and transmitting the programming signal to 
a telemetry device via a ?rst transmission signal according to 
a ?rst communication protocol. The telemetry device com 
prises a ?rst transceiver con?gured to receive the program 
ming signal from the consumer electronic device and a sec 
ond transceiver con?gured to transmit the programming 
signal to the IMD according to a second communication 
protocol. The telemetry device is con?gured to program the 
IMD independently of the consumer electronic device. 

[0011] In yet another embodiment, the invention is directed 
toWard a method comprising positioning a telemetry device 
Within an operative distance of a consumer electronic device 
and positioning the telemetry device Within an operative dis 
tance of an implantable medical device implanted Within a 
patient, the telemetry device comprising a ?rst transceiver 
con?gured to transmit and receive information from a medi 
cal device programmer according to a ?rst communication 
protocol, a second transceiver con?gured to communicate 
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With the implantable medical device according to a second 
communication protocol, and a user interface to receive an 
input from a user. The method further comprising inputting a 
desired programming change for the implantable medical 
device into the consumer electronic device, Wherein the 
telemetry device delivers a programming signal to implement 
the desired programming change to the implantable medical 
device. 
[0012] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and the 
description beloW. Other features, objects, and advantages of 
the invention Will be apparent from the description and draW 
ings, and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] FIG. 1 is a schematic perspective vieW of a therapy 
system including an implantable medical device (IMD). 
[0014] FIG. 2 is a schematic block diagram illustrating 
various components of an electrical stimulator and an 
implantable lead. 
[0015] FIG. 3 illustrates a system in Which a telemetry 
device may be used to communicate With an IMD. 
[0016] FIG. 4 is a conceptual diagram of an embodiment of 
a telemetry device, Which is shoWn to be a key fob. 
[0017] FIG. 5 is a conceptual diagram of another embodi 
ment of a telemetry device, Which is shoWn to be aligned for 
connection to a docking station. 
[0018] FIG. 6 is a schematic block diagram illustrating 
various components of a telemetry device. 
[0019] FIG. 7 illustrates one embodiment of a system in 
Which a telemetry device includes a Watchdog module to 
provide an intermediate security link betWeen a consumer 
electronic device and IMD 12. 

DETAILED DESCRIPTION 

[0020] FIG. 1 is a schematic perspective vieW of therapy 
system 10, Which includes implantable medical device (IMD) 
12. In the illustrated embodiment, IMD 12 is an electrical 
stimulator. HoWever, in other embodiments, IMD 12 may be 
any type of IMD or an external medical device. For example, 
IMD 12 may be an implantable or external ?uid delivery 
device, a pacemaker, a de?brillator, a trial stimulator or any 
other type of medical device. Examples of ?uid delivery 
devices that may be used include ?uid delivery pumps or 
reservoirs con?gured to deliver pharmaceutical agents, insu 
lin, pain relieving agents, gene therapy agents or the like to a 
tissue site Within patient 16. Accordingly, although therapy 
system 10 and IMD 12 are referenced throughout the remain 
der of the disclosure for purposes of illustration, therapy 
system 10 and IMD 12, in accordance With the invention, may 
be adapted for use in a variety of applications. 
[0021] IMD 12 is coupled to stimulation lead 14 and pro 
vides a programmable stimulation signal (e.g., in the form of 
electrical pulses or substantially continuous-time signals) to 
target stimulation site 18 via stimulation lead 14. More par 
ticularly, the programmable stimulation signal is delivered to 
target stimulation site 18 via one or more stimulation elec 
trodes carried by lead 14. In some embodiments, lead 14 may 
also carry one or more sense electrodes to permit IMD 12 to 
sense electrical signals from target stimulation site 18. Stimu 
lation delivery and sensing may occur via the same elec 
trodes, in some embodiments. Proximal end 14A of lead 14 
may be both electrically and mechanically coupled to con 
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nector 13 of IMD 12 either directly or indirectly (e.g., via a 
lead extension). In particular, conductors disposed in the lead 
body of lead 14 may electrically connect stimulation elec 
trodes (and sense electrodes, if present) adjacent to distal end 
14B oflead 14 to IMD 12. 

[0022] IMD 12 may be subcutaneously implanted in the 
body of a patient 16 (e.g., in a chest cavity, loWer back, loWer 
abdomen, or buttocks of patient 16). In the example of FIG. 1, 
IMD 12 is a neurostimulator that is implanted in patient 16 
proximate to target stimulation site 18. IMD 12 may also be 
referred to as a signal generator, and in the embodiment 
shoWn in FIG. 1, IMD 12 may also be referred to as a neuro 
stimulator. The con?guration of IMD 12 and lead 14 shoWn in 
FIG. 1 is merely exemplary. For example, in some embodi 
ments, IMD 12 may be coupled to tWo or more leads, e.g., for 
bilateral or multi-lateral stimulation. 

[0023] In the embodiment of therapy system 10 shoWn in 
FIG. 1, target stimulation site 18 is proximate to the S3 sacral 
nerve, and lead 14 has been introduced into the S3 sacral 
foramen 22 of sacrum 24 to access the S3 sacral nerve. Stimu 
lation of the S3 sacral nerve may help treat pelvic ?oor dis 
orders, urinary control disorders, fecal control disorders, 
interstitial cystitis, sexual dysfunction, and pelvic pain. 
[0024] Therapy system 10 may additionally or alternatively 
be used to provide stimulation therapy to other nerves or 
tissue sites of a patient. In other embodiments, target stimu 
lation site 18 may be a location proximate to any of the other 
sacral nerves in patient 16 or any other suitable nerve, organ, 
muscle, muscle group or another suitable tissue site in patient 
16, Which may be selected based on, for example, the symp 
toms or medical condition of a particular patient. For 
example, therapy system 10 may be used to deliver neuro 
stimulation therapy to a pudendal nerve, a perineal nerve or 
other areas of the nervous system, in Which cases, lead 14 
Would be implanted and substantially ?xed proximate to the 
respective nerve. As further examples, lead 14 may be posi 
tioned for temporary or chronic spinal cord stimulation for 
the treatment of pain, for peripheral neuropathy or post-op 
erative pain mitigation, ilioinguinal nerve stimulation, inter 
costal nerve stimulation, gastric stimulation for the treatment 
of gastric mobility disorders and obesity, muscle stimulation 
(e.g., functional electrical stimulation (FES) of muscles), for 
mitigation of other peripheral and localiZed pain (e.g., leg 
pain or back pain), or for deep brain stimulation to treat 
movement disorders and other neurological disorders. 
Therapy system 10 may also be used in cardiac applications. 
[0025] FIG. 2 is a block diagram illustrating various com 
ponents of IMD 12 and implantable lead 14. IMD 12 includes 
therapy delivery module 40, processor 42, memory 44, telem 
etry module 46, and poWer source 47. In some embodiments, 
IMD 12 may also include a sensing circuit (not shoWn in FIG. 
2) to sense a physiological parameter (e.g., electrical activity, 
blood pressure or temperature) of patient 16. Implantable lead 
14 includes elongated lead body 48 extending betWeen proxi 
mal end 48A and distal end 48B. Lead body 48 may be a 
cylindrical or may be a paddle-shaped (i.e., a “paddle” lead). 
Electrodes 50A, 50B, 50C, and 50D (collectively “electrodes 
50”) are disposed on lead body 48 adjacent to distal end 48B 
oflead body 48. 
[0026] In some embodiments, electrodes 50 may be ring 
electrodes. In other embodiments, electrodes 50 may be seg 
mented or partial ring electrodes, each of Which extends along 
an arc less than 360 degrees (e.g., 90-120 degrees) around the 
periphery of lead body 48. In embodiments in Which lead 14 
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is a paddle lead, electrodes 50 may extend along one side of 
lead body 48. The con?guration, type, and number of elec 
trodes 50 illustrated in FIG. 2 are merely exemplary. 

[0027] Electrodes 50 extending around a portion of the 
circumference of lead body 48 or along one side of a paddle 
lead may be useful for providing an electrical stimulation 
?eld in a particular direction/targeting a particular therapy 
deliver site. For example, in applications involving electrical 
stimulation of a nerve proximate to patient 16’s scalp (e.g., an 
occipital nerve), electrodes 50 may be disposed along lead 
body 48 such that the electrodes face toWard the target nerve, 
or otherWise aWay from the skin of patient 16. This may be an 
e?icient use of stimulation because electrical stimulation of 
the skin of patient 16 may not provide any or may provide 
minimal therapy to patient 16. In addition, the use of seg 
mented or partial ring electrodes 50 may also reduce the 
overall poWer delivered to electrodes 50 by IMD 12 because 
of the e?icient delivery of stimulation to target stimulation 
site 18 by eliminating or minimizing the delivery of stimula 
tion to unWanted or unnecessary regions Within patient 16. 

[0028] In embodiments in Which electrodes 50 extend 
around a portion of the circumference of lead body 48 or 
along one side of a paddle lead, lead 14 may include one or 
more orientation markers 45 proximate to proximal end 48A 
of leadbody 48 that indicate the relative location of electrodes 
50. Orientation marker 45 may be a printed marking on lead 
body 48, an indentation in lead body 48, a radiographic 
marker, or another type of marker that is visible or otherWise 
detectable (e.g., detectable by a radiographic device) by a 
clinician. Orientation marker 45 may help a clinician properly 
orient lead 14 such that electrodes 50 face the desired direc 
tion Within patient 16. For example, orientation marker 45 
may also extend around the same portion of the circumfer 
ence of lead body 48 or along the side of the paddle lead as 
electrodes 50. In this Way, orientation marker 45 faces the 
same direction as electrodes, thus indicating the orientation of 
electrodes 50 to the clinician. When the clinician implants 
lead 14 in patient 16, orientation marker 45 may remain 
visible to the clinician. 

[0029] IMD 12 delivers stimulation therapy via electrodes 
50 of lead 14. In particular, electrodes 50 are electrically 
coupled to a therapy delivery module 40 of IMD 12 via 
conductors Within lead body 48. In one embodiment, an 
implantable signal generator or other stimulation circuitry 
Within therapy delivery module 40 delivers electrical signals 
(e. g., pulses or substantially continuous-time signals, such as 
sinusoidal signals) to target stimulation site 18 (FIG. 1) via at 
least some of electrodes 50 under the control of a processor 
42. The electrical signals may be delivered from therapy 
delivery module 40 to selected electrodes 50 via a sWitch 
matrix controlled by processor 42. The stimulation energy 
generated by therapy delivery module 40 may be formulated 
as neurostimulation energy, e.g., for treatment of any of a 
variety of neurological disorders, or disorders in?uenced by 
patient neurological response. As described above, in other 
embodiments, therapy delivery module 40 may deliver 
therapy to other tissue sites Within the body of patient 16. 
[0030] The therapy delivery module 40 and processor 42 
may be coupled to poWer source 47. PoWer source 47 may 
take the form of a small, rechargeable or non-rechargeable 
battery, or an inductive poWer interface that transcutaneously 
receives inductively coupled energy. In the case of a recharge 
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able battery, poWer source 47 similarly may include an induc 
tive poWer interface for transcutaneous transfer of recharge 
poWer. 
[0031] Processor 42 may include a microprocessor, a con 
troller, a digital signal processor (DSP), an application spe 
ci?c integrated circuit (ASIC), a ?eld programmable gate 
array (FPGA), discrete logic circuitry, or the like. Processor 
42 controls the implantable signal generator Within therapy 
delivery module 40 to deliver neurostimulation therapy 
according to selected stimulation parameters. Speci?cally, 
processor 42 controls therapy delivery module 40 to deliver 
electrical signals With selected amplitudes, pulse Widths (if 
applicable), and rates speci?ed by the programs. In addition, 
processor 42 may also control therapy delivery module 40 to 
deliver the neurostimulation signals via selected subsets of 
electrodes 50 With selected polarities. For example, elec 
trodes 50 may be combined in various bipolar or multi-polar 
combinations to deliver stimulation energy to selected sites, 
such as nerve sites adjacent the spinal column, pelvic ?oor 
nerve sites, or cranial nerve sites. 

[0032] Processor 42 may also control therapy delivery 
module 40 to deliver each signal according to a different 
program, thereby interleaving programs to simultaneously 
treat different symptoms or provide a combined therapeutic 
effect. For example, in addition to treatment of one symptom 
such as sexual dysfunction, IMD 12 may be con?gured to 
deliver neurostimulation therapy to treat other symptoms 
such as pain or incontinence. 

[0033] Memory 44 of IMD 12 may include any volatile or 
non-volatile media, such as a random access memory (RAM), 
read only memory (ROM), non-volatile RAM (NV RAM), 
electrically erasable programmable ROM (EEPROM), ?ash 
memory, and the like. In some embodiments, memory 44 of 
IMD 12 may store multiple sets of stimulation parameters 
that are available to be selected for delivery of neurostimula 
tion therapy. For example, memory 44 may store stimulation 
parameters transmitted by telemetry device 62, consumer 
electronic device 64, and/or clinician programmer (CP) 66 
(FIG. 3). Memory 44 also stores program instructions that, 
When executed by processor 42, cause IMD 12 to deliver 
neurostimulation therapy. Accordingly, computer-readable 
media storing instructions may be provided to cause proces 
sor 42 to provide functionality as described herein. 

[0034] As discussed beloW, the program instruction that 
dictates the stimulation therapy parameters of IMD 12 may be 
changed via an external programming device, such as a telem 
etry device 62 (FIG. 3), a programmer 66 (e.g., CP 26 or 
patient programmer 28 of FIG. 1) or a consumer electronic 
device 64 (FIG. 3) running an application that provides IMD 
12 programming capabilities. Stimulation parameters 
include, but are not limited to, a voltage or current amplitude 
of the electrical signals, pulse Widths (if applicable) of the 
electrical signals, the rate of delivery of the electrical signals 
or a particular program, Which may include particular elec 
trode con?guration (e. g., a pattern and/or locations of anodes 
and cathodes of the electrodes 50). Programs that control 
delivery of other therapies by IMD 12 may include other 
therapy parameters. For example, a program that controls 
delivery of a drug or other therapeutic agent may include a 
titration rate or information controlling the timing (e.g., fre 
quency) of bolus deliveries. 
[0035] Processor 42 controls telemetry module 46 of IMD 
12 to exchange information With an external programmer, 
such as telemetry device 62 (Which is external to and separate 
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from IMD 12), consumer electronic device 64 via telemetry 
module 46 and/ or programmer 66 (FIG. 3), by Wireless telem 
etry. In addition, in some embodiments, telemetry module 46 
of IMD 12 supports Wireless communication With one or 
more Wireless sensors that sense physiological signals or a 
patient condition (e.g., a patient activity level or posture) and 
transmit the signals to IMD 12. The Wireless sensors may be 
implanted Within patient 16 or external to patient 16. 
[0036] FIG. 3 illustrates system 60 in Which telemetry 
device 62 may be used to communicate With IMD 12. As Will 
be described in further detail beloW, telemetry device 62 is 
con?gured to communicate directly With IMD 12, and may 
directly program or otherWise modify therapy parameters of 
IMD 12 and/or provide a telemetry bridge for another pro 
gramming device, such as consumer electronic device 64 or 
medical device programmer 66. Programmer 66 may be a CP, 
patient programmer or another programmer suitable for pro 
gramming IMD 12. Thus, While a CP 66 is primarily referred 
to throughout the description of FIG. 3, in other embodi 
ments, programmer 66 may be any other programming 
device. CP 66 may be a dedicated hardWare device With 
dedicated software for programming of IMD 12. Alterna 
tively, CP 66 may be an off-the-shelf computing device run 
ning an application that enables CP 66 to program IMD 12. In 
another embodiment, telemetry device 62 may also be con 
?gured to provide a telemetry bridge for another program 
ming device, such as a patient therapy manager (PTM), in 
addition to CP 66. 

[0037] To help better meet the needs of patients, telemetry 
device 62 may be a relatively small device used to program 
the therapy delivered by IMD 12 via direct and/or indirect 
manipulation of telemetry device 62. Telemetry device 62 is 
in a separate housing from IMD 12, consumer electronic 
device 64, and CP 66. Thus, telemetry device 62 is a self 
contained telemetry device that is separate from IMD 12, 
consumer electronic device 64 and CP 66. 

[0038] Telemetry device 62 provides many roles Within 
system 60. In each aspect, hoWever, telemetry device 62 is 
con?gured to communicate directly With IMD 12, and par 
ticularly, telemetry module 46 Within IMD 12. Telemetry 
device 62 is con?gured to bridge IMD 12 With a programming 
application on a separate device, Whether the device is con 
sumer electronic device 64, CP 66, or another computing 
device. In this Way, telemetry device 62 may provide an 
intermediary telemetry interface for IMD 12 and another 
device. 

[0039] Telemetry device 62 is con?gured to transmit and 
receive information according to at least tWo different telem 
etry protocols (i.e., communication protocols), and typically 
includes tWo or more transceivers con?gured to support each 
of the telemetry protocols. One telemetry protocol is con?g 
ured to transmit and receive information from IMD 12, While 
at least one other telemetry protocol is con?gured to transmit 
and receive information from at least one other device, such 
as consumer electronic device 64 or CP 66. Examples of 
communication protocols include, but are not limited to, 
radio frequency (RF) communication protocols, such as RF 
communication according to the 802.11 or Bluetooth speci 
?cation sets, infrared (Ir) communication, e.g., according to 
the IrDA standard, or other standard or proprietary telemetry 
protocols. 
[0040] Telemetry device 62 may also include a signal pro 
cessor to translate one telemetry protocol into another telem 
etry protocol in order to translate communication signals 
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from IMD 12 to a protocol understood by consumer elec 
tronic device 64 and/or CP 66. For example, telemetry device 
62 may include a general purpose processor With signal pro 
cessing software capable of translating communication sig 
nals from one protocol to another. 

[0041] In one embodiment, telemetry device 62 is con?g 
ured to interact With more than one IMD. For example, telem 
etry device 62 may be con?gured to communicate via one 
telemetry protocol for interacting With an electrical stimula 
tor and another telemetry protocol for interacting With a ?uid 
delivery device, such as a drug pump. 
[0042] In some embodiments, telemetry device 62 does not 
include any direct programming functionality, but rather only 
serves to link a programming device (e.g., consumer elec 
tronic device 64 or CP 66) With IMD 12. In other embodi 
ments, telemetry device 62 includes a minimal set of pro 
gramming features, but is con?gured to interface With a 
separate “feature-rich” programming device With substan 
tially more programming features than telemetry device 62. 
Such a feature-rich device may be, for example, consumer 
electronic device 64, CP 66, a PTM, and/or a custom hard 
Ware device. For example, telemetry device 62 may interface 
With a PTM to alloW patient 16 to control more advanced 
functions typically included on a traditional PTM. 

[0043] As previously discussed, telemetry device 62 may 
include functionality that enables telemetry device 62 to 
directly program IMD 12. That is, in some embodiments, 
telemetry device 62 includes a user interface that enables a 
user to input a desired programming change or otherwise 
indicate program parameters for IMD 12. Telemetry device 
62 may then deliver the desired programming change to IMD 
12. The programming functionality of telemetry device 62 
enables patient 16 to use telemetry device 62 as a PTM for 
IMD 12 in addition to or instead of another PTM. The user 
interface may include one or more buttons that may be acti 
vated to change one or more parameters of the therapy deliv 
ered by IMD 12. As described above, the therapy parameters 
may include, but are not limited to, amplitudes of the electri 
cal signals, pulse Widths (if applicable) of the electrical sig 
nals, the rate of delivery of the electrical signals or a particular 
program in the case of electrical stimulation therapy, and drug 
dosage or frequency of drug delivery in the case of a drug 
delivery therapy. 
[0044] Given the relatively small siZe of telemetry device 
62 as compared to many CPs 66 or existing PTMs, the user 
interface of telemetry device 62 may only alloW a small subset 
of programming options because telemetry device 62 may 
only be able to support a small subset of programming 
options. In addition, the user interface of telemetry device 62 
may provide feWer features (e.g., buttons or displays) than 
consumer electronic device 64 or programmer 66. For 
example, as discussed beloW in reference to FIG. 4, telemetry 
device 62 may include an “on/off’ button to turn stimulation 
therapy on or off (Which, as discussed in further detail beloW, 
is typically a safe mode, rather than turning therapy 100% off) 
and/ or “increment/ decrement” buttons in order to increase or 
decrease a stimulation frequency or amplitude. 

[0045] Telemetry device 62 may interact With IMD 12 
using telemetry protocols knoWn in the art, such as a RF 
telemetry protocol. Some telemetry protocols may be opti 
miZed if telemetry device 62 is placed Within a certain dis 
tance of IMD 12. For example, When using a RF telemetry 
protocol to communicate With IMD 12, telemetry device 62 
may be placed Within about 2 centimeters (cm) to about 125 
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cm, such as about 13 cm, of IMD 12 during programming 
activities. Telemetry device 62 may be easily placed at an 
appropriate location during programming ofIMD 12 because 
of its relatively small siZe. 
[0046] FIG. 4 is a schematic plan vieW of one embodiment 
of telemetry device 62, in Which telemetry device 62 is a key 
fob including a key ring 100 that is con?gured to receive one 
or more keys 102. In other embodiments, telemetry device 62 
may be attached to the clothing of patient 16, attached to a 
strap secured to patient 16 (e.g., telemetry device 62 may be 
a pendent on a necklace), or placed in a pocket of patient 16 
during programming activities. In the embodiment shoWn in 
FIG. 4, telemetry device 62 has limited functionality for 
programming IMD 12. In particular, telemetry device 62 
includes on button 104, off button 106, increment button 108, 
decrement button 110, and light emitting diode (LED) 112. 
Each button 104, 106, 108, and 110 includes a visual indica 
tion of a function. For example, the increment button 108 has 
a printed graphic (+) indicating the increment functionality of 
button 108. Buttons 104, 106, 108, and 110 and LED 112 are 
electrically coupled to circuitry Within telemetry device hous 
ing 114, Which also de?nes openings for buttons 104, 106, 
108, and 110 and LED 112 to extend to an outer surface. 
Telemetry device housing 114 may be formed of any suitable 
material, such as a relatively hard plastic or polymer. 
[0047] Buttons 104, 106, 108, and 110 may be push but 
tons, soft-keys, voice activated commands, activated by 
physical interactions, magnetically triggered, activated upon 
passWord authentication push buttons, contacts de?ned by a 
touch screen, or any other suitable user interface. In some 
embodiments, buttons of telemetry device 62 may be repro 
grammable. That is, using buttons 104, 106, 108, and 110 as 
an example, buttons 104, 106, 108, and 110 may be repro 
grammed to provide different programming functionalities as 
the needs of patient 16 changes or if IMD 12 changes. Buttons 
104, 106, 108, and 110 may be reprogrammed, for example, 
by CP 66 (FIG. 3) or another computing device. 
[0048] Buttons 104, 106, 108, and 110, as Well as any other 
buttons provided on telemetry device 62 may be designed to 
help reduce accidental activation of a programming function. 
For example, the buttons 104, 106, 108, and 110 may be 
recessed from an outermost surface of the housing 114. Alter 
natively or additionally, patient 16 may be required to hold a 
button for a predetermined amount of time in order to activate 
the button, and/ or there may be a hold function that prevents 
the buttons from being activated unless the hold function is 
deactivated. For example, the hold function may be activated 
and deactivated via manipulation of a slider bar (not shoWn) 
or manipulation of a speci?ed combination of buttons. 
[0049] Activation of the “off ’ button 106 may not turn the 
therapy delivered by IMD 12 completely off and, instead, 
may change the therapy delivered by IMD 12 to a safe mode 
setting. The safe mode setting may or may not be equivalent 
to turning the therapy delivered by IMD 12 off. For some 
therapies and patients, turning off the therapy delivered by 
IMD 12 may not be safe or comfortable. A safe mode setting 
that de?nes a set of parameters that is knoWn to provide a safe 
and comfortable therapy to patient 16 from IMD 12 may 
provide a better alternative than completely turning the 
therapy delivered by IMD 12 off. The safe mode setting may 
de?ne a minimal amount of therapy that provides comfortable 
and safe therapy to patient 16. 
[0050] In the example of an implanted neurostimulator, the 
safe mode for patient 16 may be a speci?c combination of 
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therapy parameters that yield a safe and comfortable therapy 
setting. In some embodiments, the safe mode is a precon?g 
ured setting or a rollback to a last or last-knoWn safe and 
comfortable therapy state. In one embodiment, the safe mode 
for an implanted neurostimulator may be to set the stimula 
tion amplitude to Zero volts. This Would effectively turn off 
the stimulation and remove any undesirable side effects of the 
therapy. In some cases, eliminating the stimulation may pro 
vide discomfort to patient 16 if, for example, IMD 12 is used 
to treat pain. In such a case, the safe mode may set forth a 
therapy program including a relatively loW current or voltage 
amplitude in order to provide a minimal degree of pain relief 
to patient 16. For an implantable drug delivery device, the 
safe mode setting may involve a user-prede?ned rate (e. g., set 
by a clinician) Which takes into account the possibilities of 
drug concentration change, tube-set, and/or other variables. 
[0051] In some embodiments, the safe mode may be 
de?ned by alloWing patient 16, a clinician, a caregiver, or 
another quali?ed individual to save one or more safe therapy 
con?gurations that provide patient 16 With safe and comfort 
able therapy. Patient 16, a clinician, a caregiver, or another 
quali?ed individual may have the ability to rollback to any of 
the safe mode con?gurations for IMD 12 as desired. In one 
embodiment, the user interface provided on telemetry device 
62 may only include means for programming IMD 12 to enter 
a de?ned safe mode. The safe mode settings may be saved 
Within telemetry device 62, Which may include any volatile or 
non-volatile media, such as a RAM, ROM, NVRAM, 
EEPROM, ?ash memory, and the like to store the safe mode 
settings for IMD 12. Alternatively, the settings for the safe 
mode of IMD 12 may be stored in IMD 12, and telemetry 
device 62 may provide instructions to IMD 12 to access and 
implement the stored safe mode setting, rather than sending 
the actual safe mode settings themselves. 
[0052] The increment/ decrement function activated by but 
tons 108 and 110, respectively, are optionally included on 
telemetry device 62 and may increment or decrement the 
amplitude of the therapy that is currently being delivered 
from IMD 12 to patient 16. In the example of neurostimula 
tion, the increment/decrement function may modify the 
amplitude of the electrical signal delivered from IMD 12. In 
the example of drug delivery, the increment/ decrement func 
tion may modify the dosage delivered during a bolus. Addi 
tionally, telemetry device 62 may include a button to admin 
ister a bolus ofa drug by IMD 12 (ifIMD 12 is a ?uid delivery 
device). The increment/ decrement function may be limited to 
patient-speci?c adjustment ranges de?ned by a clinician 
(e.g., via CP 66 of FIG. 3) in order to ensure that the therapy 
delivered by IMD 12 stays Within a safe, clinician-approved 
range. 

[0053] Telemetry device 62 may include an alert LED 112 
or other suitable alert feature. In some embodiments, IMD 12 
may send an alert signal to telemetry device 62 to activate 
LED 112 in order to indicate to a user that a problem may be 
present. The alert signal may, for example, signify a loW 
battery, a sensed physiological event, or another problem. For 
example, in the embodiment of a drug delivery device, IMD 
12 may active the alert feature on telemetry device 62 in 
response to detecting a loW level of drug remaining. Activa 
tion of the alert feature on telemetry device 62 may alert 
patient 16 to contact a clinician or take other precautions. In 
one embodiment, a more detailed description of the issue 
causing the activation of the alert feature is forWarded to 
another external programming device (e.g., consumer elec 
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tronic device 64). The external programming device may then 
forward the alert to a remote device in a remote location, such 
as a clinician o?ice. 

[0054] LED 112 (or another LED) may also provide con 
?rmation to a user that an operation has been carried out or 

that an input via buttons 104, 106, 108, and 110 or another 
user interface has been received. For example, When button 
108 is depressed by patient 16, and a programming signal is 
sent to IMD 12 to increment a therapy parameter, LED 112 
may be activated in order to provide positive feedback to the 
patient regarding the successfully sent programming signal. 
Telemetry device 62 may include more than one LED 112. 

[0055] Regardless of Whether telemetry device 62 is con 
?gured to directly program IMD 12, telemetry device 62 may 
be con?gured to communicate With other programming 
devices, such as consumer electronic device 64 and CP 66 to 
provide a telemetry link betWeen IMD 12 and the other pro 
gramming devices. 
[0056] Additionally, as illustrated in FIG. 5, telemetry 
device 62 may con?gured to communicate With display 120. 
Display 120 may be capable of connecting to telemetry 
device 62 via a USB link 121, Which is aligned to be received 
in USB port 123 of display 120, or other suitable means. In 
this manner, display 120 is a docking station for telemetry 
device 62. In embodiments in Which telemetry device 62 has 
a display, and embodiments in Which telemetry device does 
not have a display, display 120 may provide a larger user 
interface for interacting With telemetry device 62 or may 
merely be a passive display for telemetry device 62. A larger 
display 120 may be bene?cial to patients With visual and/or 
tactile impairments. 
[0057] In embodiments in Which display 120 is more than a 
passive display for telemetry device 62, display 120 may 
optionally include a user interface, such as a touch screen 
and/or additional buttons, as Well as processing capabilities. 
In embodiments in Which display 120 provides a larger user 
interface for interacting With telemetry device 62, display 120 
may give patient 16, a clinician or other medical professional 
access to advanced features that are not available via direct 
manipulation of telemetry device 62. Thus, display 120 may 
be a feature-rich programming interface for telemetry device 
62. Patient 16 may have the option of leaving display 120 at 
home or carrying it With him or her. In some embodiments in 
Which telemetry device 62 includes a rechargeable battery, 
display 120 may recharge poWer source 80 (FIG. 6). 
[0058] Returning noW to FIG. 2, in embodiments in Which 
telemetry device 62 communicates With consumer electronic 
device 64, consumer electronic device 64 may function as a 
PTM that includes richer features than telemetry device 62. In 
one embodiment, consumer electronic device 64 is a mobile 
phone. In other embodiments, consumer electronic device 64 
may be another type of consumer electronic device, Which 
typically serves another purpose besides that of a medical 
device programmer. For example, consumer electronic 
device 64 may be a personal digital assistant, a portable 
digital music player, a laptop computer, and the like. 
[0059] Consumer electronic device 64 may not be con?g 
ured to transmit and receive information according to the 
same telemetry protocol as IMD 12, and thus, may not be 
con?gured to communicate directly With IMD 12. In addi 
tion, because consumer electronic device 64 is typically a 
readily available, off-the-shelf device, consumer electronic 
device 64 may be relatively dif?cult to modify to include the 
telemetry circuitry necessary to communicate With IMD 12. 
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Telemetry device 62 includes a transceiver, such as a Blue 
Tooth transceiver, that is con?gured to communicate With a 
broad range of consumer electronic devices 64 and CPs 66, as 
Well as a transceiver that is con?gured to communicate 
directly With IMD 12. Thus, consumer electronic device 64 or 
CP 66 may link to IMD 12 via telemetry device 62 in order to 
program IMD 12 or to upload or doWnload information from 
and to IMD 12. Information may be transmitted from IMD 12 
to telemetry device 62, Which may then transmit the informa 
tion to consumer electronic device 64 or CP 66. As another 
example, information may be transmitted from consumer 
electronic device 64 or CP 66 to telemetry device 62, Which 
may then transmit the information to IMD 12. 

[0060] Patient 16, a clinician, caregiver, and/or other quali 
?ed individuals may use telemetry device 62 in order to 
communicate With IMD 12. For example, patient 16 may have 
mobile phone that includes softWare for programming IMD 
12. Patient 16 may then use telemetry device 62 to link the 
mobile phone With IMD 12 because the mobile phone may 
not include the appropriate telemetry module for communi 
cating With IMD 12. 

[0061] Consumer electronic device 64 may alloW patient 16 
to program IMD 12 in a subtle, non-obvious manner that may 
alloW patient 16 more privacy than a traditional programmer. 
In some embodiments, consumer electronic device 64 may 
run a Java applet or other appropriate application that alloWs 
consumer electronic device 64 to perform programming 
functions. Consumer electronic device 64 may perform the 
same or similar functions as a PTM With a more traditional 

appearance. For example, patient 16 may use consumer elec 
tronic device 64 to start, stop, or adjust therapy and/ or select 
a program from a library of stored therapy programs. In 
embodiments in Which IMD 12 is an electrical stimulator, 
consumer electronic device 64 may permit patient 16 to adjust 
stimulation parameters such as duration, amplitude, pulse 
Width, and pulse rate Within an adjustment range speci?ed by 
a clinician (e.g., via a CP). 

[0062] Using consumer electronic device 64 programmed 
by a Java applet or other appropriate application may better 
alloW PTMs to use cutting-edge technology. Consumer elec 
tronic devices 64 such as mobile phones are typically rede 
signed and updated faster than traditional PTMs. Accord 
ingly, implementing an IMD programming application into a 
consumer electronic device, such as a mobile phone, enables 
a PTM to operate according to the latest hardWare, innovative 
processing capabilities, ornamental product designs, and so 
forth. Once established, the Java applet may be easily modi 
?ed to keep up With current technology. It may be easier to 
modify a Java applet than an entire PTM. Furthermore, use of 
a telemetry device 62 may simplify development of PTMs 
because of the ability to use off-the-shelf devices that are 
running a particular programming application. 
[0063] Consumer electronic device 64 may provide patient 
16 With an interface for control of the therapy delivered by 
IMD 12. More speci?cally, consumer electronic device 64 
may interface With telemetry device 62 to program IMD 12. 
Consumer electronic device 64 may be programmed, using a 
Java applet or other appropriate means, to communicate With 
telemetry device 62 according to one communication proto 
col, While telemetry device 62 is con?gured to communicate 
With IMD 12 according to another communication protocol in 
order to transmit the information from consumer electronic 



US 2008/0140163 A1 

device 64 to IMD 12. In this manner, telemetry device 62 acts 
as an intermediate telemetry link betWeen consumer elec 
tronic device 64 and IMD 12. 
[0064] Consumer electronic device 64 may include a dis 
play and input keys that alloW patient 16 to interact With 
telemetry device 62 and IMD 12. The Java applet or other 
appropriate application running on consumer electronic 
device 64 may temporarily borroW a display and input keys of 
consumer electronic device 64 for use in programming appli 
cations. The user interface of consumer electronic device 64 
may provide patient 16 With a user interface similar to that of 
traditional PTMs. For example, like traditional therapy man 
agers, the user interface on consumer electronic device 64 
used for programming IMD 12 may include one or more 
menus and soft keys. In one embodiment, changes to the 
therapy delivered by IMD 12 made via the user interface of 
telemetry device 62 may be visible on the display of con 
sumer electronic device 64. 

[0065] Alternatively, in embodiments in Which telemetry 
device 62 also includes some functionality (e.g., as shoWn and 
described With reference to FIG. 4), telemetry device 62 may 
borroW the display from consumer electronic device 64 to 
provide a more sophisticateduser interface for the patient. For 
example, the patient may vieW the display of the consumer 
electronic device 64 to, for example, see the available therapy 
programs that may be programmed into IMD 12 via telemetry 
device 62, but the patient may still interact With buttons on 
telemetry device 62 to select the speci?c programs. The but 
tons on telemetry device 62 may correspond to the visual 
interface provided on the display of consumer electronic 
device 64, and as the patient engages a button on telemetry 
device 62, the display of consumer electronic device 64 may 
re?ect the action taken by the patient. 
[0066] In some embodiments, consumer electronic device 
64 may also include applications and a user interface to access 
more sophisticated programming options stored Within 
telemetry device 62, but otherWise not accessible by telem 
etry device 62. 
[0067] Consumer electronic device 64 may communicate 
With telemetry device 62 via a Wired or Wireless connection. 
In one embodiment, telemetry device 62 plugs into a USB 
port of consumer electronic device 64. In other embodiments, 
consumer electronic device 64 and telemetry device 62 may 
communicate With each other using any of a variety of local 
Wireless communication techniques, such as RF communica 
tion according to the 802.11 or Bluetooth speci?cation sets, 
infrared communication, e.g., according to the IrDA stan 
dard, or other standard or proprietary telemetry protocols. 
[0068] Using a Wireless connection betWeen telemetry 
device 62 and consumer electronic device 64 may alloW con 
sumer electronic device 64 to be located at a distance aWay 
from telemetry device 62 When programming IMD 12. For 
example, a Bluetooth connection may alloW signals to be 
transferred betWeen telemetry device 62 and consumer elec 
tronic device 64 as long as the devices are located Within 
approximately 500 centimeters (cm) of each other. This may 
alloW patient 16 to place telemetry device 62 on or near his or 
her body and hold consumer electronic device 64 in his or her 
hand Without the need to hold consumer electronic device 64 
proximate to telemetry device 62. This may alloW patient 16 
to use consumer electronic device 64 to program IMD 12 
more discreetly. For example, telemetry device 62 may be 
located in a clothing pocket of patient 16 or around a neck of 
patient 16 (e.g., as a necklace) during programming of IMD 
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12 via consumer electronic device 64. If consumer electronic 
device 64 is a mobile telephone, the discreetly located telem 
etry device 62 may give the impression that patient 16 is 
making a telephone call via consumer electronic device 64 or 
using other consumer electronic features of consumer elec 
tronic device 64 rather than programming IMD 12. Addition 
ally, this may alloW a parent, caregiver, or other quali?ed 
individual located near patient 16 to use consumer electronic 
device 64 to program IMD 12 Without the need to place 
consumer electronic device 64 proximate to telemetry device 
62 or IMD 12. 

[0069] Because of the relatively small siZe of telemetry 
device 62 and the ability of telemetry device 62 to be dis 
creetly held relatively close to IMD 12, telemetry device 62 
may also help reduce the poWer that is necessary for IMD 12 
to communicate With an external programming device. 
Telemetry device 62 may be actively or passively held rela 
tively close to IMD 12 in order to decrease the distance for 
telemetry betWeen IMD 12 and telemetry device 62, thereby 
reducing the amount of poWer that is necessary to obtain 
telemetry transcription. Reducing the amount of poWer that is 
consumed by the poWer source Within IMD 12 for transmit 
ting and receiving information may help extend the useful life 
of IMD 12. Telemetry device 62 may support relatively long 
distance communication With a consumer electronic device 
64 or CP 66 because there is less of a concern about poWer 
consumption With telemetry device 62 as compared to IMD 
12, Which is not as easily accessible. The poWer source Within 
telemetry device 62 may more easily be reneWed than that of 
IMD 12. 
[0070] CP 66 is a device that a clinician or other medical 
professionals may use to communicate With IMD 12. CP 66 
may perform advanced device setup and diagnostics in addi 
tion to performing the programming functions of consumer 
electronic device 64. In this manner, CP 66 may be more 
feature-rich than consumer electronic device 64 or telemetry 
device 62. CP 66 may communicate With IMD 12 directly 
and/or indirectly. For example, CP 66 may indirectly com 
municate With IMD 12 via telemetry device 62. Additionally 
or alternatively, CP 66 may indirectly communicate With 
IMD 12 by communicating With consumer electronic device 
64 Which in turn communicates With telemetry device 62. As 
yet another alternative, CP may include an internal telemetry 
module that is con?gured to directly transmit and receive 
information according to the telemetry protocol for IMD 12. 
[0071] Telemetry device 62 may be useful for situations in 
Which CP 66 may not include telemetry circuitry that is con 
?gured to interact and communicate directly With IMD 12. 
CP 66 may be a general purpose device, such as a computer, 
that does not include the speci?c transceiver necessary for 
communicating With IMD 12. 
[0072] CP 66 may be a computing device that permits a 
clinician to program therapy for patient 16, e.g., using input 
keys and a display. For example, using CP 66, the clinician 
may specify parameters for use in delivery of therapy via IMD 
12. Therapy parameters may be doWnloaded to IMD 12 from 
CP 66. Optionally, operational or physiological data stored by 
IMD 12 may be uploaded to CP 66. In this manner, a clinician 
or other medical professional may periodically interrogate 
IMD 12 to evaluate e?icacy and, if necessary, modify the 
therapy parameters. 
[0073] CP 66 may communicate directly With IMD 12 
using telemetry techniques knoWn in the art, such as, for 
example, RF telemetry techniques. CP 66 and telemetry 
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device 62 may communicate via cables or a Wireless commu 
nication link, as shown in FIG. 3. CP 66 and telemetry device 
62 may, for example, communicate via Wireless communica 
tion using RF telemetry techniques knoWn in the art. CP 66 
and telemetry device 62 also may communicate With each 
other using any of a variety of local Wireless communication 
techniques, such as RF communication according to the 802. 
11 or Bluetooth speci?cation sets, infrared communication, 
e.g., according to the IrDA standard, or other standard or 
proprietary telemetry protocols. 
[0074] HoWever, CP 66 and telemetry device 62 need not 
communicate Wirelessly. For example, in other embodiments, 
CP 66 and telemetry device 62 may communicate via a Wired 
connection, such as via a serial communication cable, or via 
exchange of removable media, such as magnetic or optical 
disks, or memory cards or sticks. Further, CP 66 may com 
municate With telemetry device 62 via remote telemetry tech 
niques knoWn in the art, communicating via a local area 
netWork (LAN), Wide area netWork (WAN), public sWitched 
telephone netWork (PSTN), or cellular telephone netWork, for 
example. Additionally, CP 66 may communicate With con 
sumer electronic device 64 using any of the Wired or Wireless 
techniques described With respect to communication betWeen 
CP 66 and telemetry device 62. 
[0075] Telemetry device 62 provides a relatively small and/ 
or discreet programming device to a patient as compared to 
many existing PTMs. The relatively small siZe of telemetry 
device 62 may provide social advantages and may better serve 
patient needs as compared some existing, larger PTMs. Some 
patients With IMDs have indicated a desire for relatively small 
PTMs, such as PTMs that may be easily hidden from vieW. 
Additionally, due to social stigmas associated With medical 
devices and the PTMs that interface With them, some patients 
have indicated a desire for PTMs that may be used discreetly. 
Telemetry device 62 enables a PTM to be used discreetly 
because telemetry device 62 enables a consumer electronic 
device 64, such as a mobile phone or a PDA, to be used as a 
PTM. In embodiments in Which telemetry device 62 includes 
some programming functionality, the relatively small siZe of 
telemetry device 62 enables telemetry device 62 to be used 
discreetly as a PTM. Additionally, small PTMs may be easier 
for patients to carry With them. 
[0076] Additionally, many patients With IMDs use PTMs to 
access a small subset of the functions alloWed by traditional 
PTMs. A simpli?ed PTM that alloWs a patient to turn the 
therapy on, off, up, or doWn (e.g., adjust the stimulation 
amplitude) may meet the programming needs of many 
patients With IMDs, and provides a simpler programming 
interface for a patient than many existing PTMs. Telemetry 
device 62, Which is typically smaller than a conventional 
patient programmer, may provide these patients With a small, 
simple programming device. 
[0077] In some embodiments, telemetry device 62 may be 
a pocket-siZed device that it is capable of being easily placed 
in a pocket of the patient’s clothing. For example, telemetry 
device 62 may be approximately the same siZe as a key fob 
used to lock and unlock an automobile (e.g., as shoWn in FIG. 
4). Telemetry device 62 may be less than approximately 12 
centimeters (cm) long, less than approximately 8 cm Wide, 
and less than approximately 3 cm high (i.e., thick). In one 
embodiment, telemetry device may be less than approxi 
mately 8 centimeters (cm) long, less than approximately 4 cm 
Wide, and less than approximately 1 cm high (i.e., thick). In 
another embodiment, telemetry device may be approximately 
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2 centimeters (cm) long, approximately 2 cm Wide, and 
approximately 1 cm high (i.e., thick). As Will be described in 
further detail beloW, the minimum siZe of telemetry device 62 
may be determined based on the siZe of the antenna and the 
telemetry techniques used. 
[0078] In some embodiments, consumer electronic device 
64 or CP 66 may also be linked to a remote device via a cabled 
or Wireless netWork. For example, a consumer electronic 
device 64 may transmit information received from IMD 12 
via telemetry device 62 to a remote server via a Wireless 
telephone or intemet communication netWork. The remote 
server may be, for example, a remote clinician computer, and 
may be located, for example, in another room or another 
remote location (e. g., in another city). 
[0079] FIG. 6 is a schematic block diagram illustrating 
various components of telemetry device 62, Which are dis 
posed Within housing 114 (also shoWn in FIG. 4). Telemetry 
device 62 may include telemetry transceiver 70 for commu 
nicating With IMD 12 and programmer transceiver 72 for 
communicating With consumer electronic device 64 and/or 
CP 66. Telemetry device 62 also includes antenna 74, proces 
sor 76, memory 78, and poWer source 80. In some embodi 
ments, telemetry device 62 may not include memory 78. 
[0080] As described previously, telemetry transceiver 70 
may communicate With IMD 12 using telemetry protocols 
knoWn in the art, such as RF telemetry techniques, and pro 
grammer transceiver 72 may communicate With consumer 
electronic device 64 and/or CP 66 using any appropriate 
Wired or Wireless means. Programmer transceiver 70 may 
also communicate With another device (e. g., consumer elec 
tronic device 64 or CP 66) using knoWn communication pro 
tocols. 
[0081] Antenna 74 may be used to receive signals from 
telemetry device 62 and/or CP 66 and may optionally receive 
signals from IMD 12. Alternatively, a second antenna may be 
used to receive signals from IMD 12. If telemetry device 62 
includes tWo antennas, each antenna may operate at a differ 
ent bandWidth or orientation in order to minimiZe interfer 
ence betWeen the antennas. The siZe of telemetry device 62 
may be determined by the siZe of antenna 74 and the telemetry 
techniques used to communicate With IMD 12. The siZe of 
antenna 74 may be minimized to minimize the siZe of telem 
etry device 62 While maintaining telemetry function. 
[0082] Processor 76 may include a microprocessor, a con 
troller, a DSP, an ASIC, an FPGA, discrete logic circuitry, or 
the like. Processor 76 controls communication betWeen 
telemetry device 62 and IMD 12 and may also control com 
munication betWeen telemetry device 62 and consumer elec 
tronic device 64 and/or CP 66. Processor 76 may also be used 
to “translate” signals received via telemetry protocol used by 
IMD 12 to a signal to the telemetry protocol used by con 
sumer electronic device 64 and/or CP 66, or vice versa. Pro 
cessor 76 is also con?gured to execute softWare that may be 
stored Within memory 78 of telemetry device 62. The soft 
Ware may include, for example, IMD 12 programming appli 
cations. Additionally, processor 76 may transfer information 
to and from memory 78. 
[0083] Memory 78 may include any volatile or non-volatile 
media, such as a RAM, ROM, NVRAM, EEPROM, ?ash 
memory, and the like. Memory 78 may store data received 
from IMD 12. For example, memory 78 may store data relat 
ing to the status and/or programming history of IMD 12 or 
physiological parameter values determined by sensors 
coupled to IMD 12. Data may be stored in memory 78 until 
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consumer electronic device 64 or CP 66 requests to receive 
the data from telemetry device 62. In addition, processor 76 
may extract information from the data received from IMD 12, 
such as to provide an alert function for IMD 12. For example, 
processor 76 may buffer data received from IMD 12 and upon 
?nding, for example, that the poWer level of IMD 12 is beloW 
a certain threshold or a physiological parameter of patient 16 
measured by IMD 12 is past a permissible threshold (i.e., 
Whether an alert condition is present), telemetry device 62 
may provide an alert (e. g., via LED 112 or by transmitting a 
signal to consumer electronic device 64 or CP 66). 

[0084] Telemetry device 62 also includes poWer source 80, 
Which may be a battery. In embodiments in Which battery 80 
is rechargeable, telemetry device 62 may include a recharge 
interface, such as a USB port, that may be connected to a 
poWer source for recharging of telemetry device 62. 
[0085] As discussed above, telemetry device 62 may be 
con?gured to communicate With more than one type of IMD. 
While in some embodiments, a single telemetry device 62 
may be used to communicate With multiple IMDs, in other 
embodiments multiple telemetry devices 62 may be used, 
Where each of the multiple telemetry devices is con?gured to 
communicate With a different IMD. Each telemetry device 
may be con?gured to operate according to a different telem 
etry protocol, or may provide different programming fea 
tures. 

[0086] FIG. 7 illustrates one embodiment of a system in 
Which telemetry device 62 includes Watchdog module 132 to 
provide an intermediate security linkbetWeen consumer elec 
tronic device 64 and IMD 12. Consumer electronic device 64 
may run a common desktop operating system and thus may be 
prone to computer viruses or other security threats. Risks 
associated With use of consumer electronic device 64 include 
possible con?icts for resources (e.g., memory, processing 
capacity, and the like) With other programs Within consumer 
electronic device 64, effects of computer viruses, other cor 
ruption of applications or other disruptions of the expected 
operation of consumer electronic device 64. For example, 
disruptions caused by a virus or other corruption could result 
in transmission of repeated, spurious or erroneous commands 
to IMD 12. Such commands may result in unintended, and 
possibly harmful, changes to the therapy delivered to patient 
16. The use of a Watchdog module may facilitate safer use of 
consumer electronic device 64 as a programmer. The Watch 
dog module may also provide an added layer of security When 
telemetry device 62 is communicating With a dedicated pro 
gramming device, such as programmer 66. 
[0087] In the illustrated embodiment, the security system 
comprises Watchdog module 132 of telemetry device 62 and 
Watchdog increment module 138 of consumer electronic 
device 64. Telemetry device 62 and consumer electronic 
device 64 further comprise application modules 136 and 142 
and operating system modules 134 and 140, respectively. 
Application modules 136 and 142 may contain softWare 
applications that may be run on telemetry device 62 and 
consumer electronic device 64 and operating system modules 
134 and 140 may contain softWare de?ning the operation 
systems (e.g., WindoWs Vista or a custom operating system) 
Which telemetry device 62 and consumer electronic device 
64, respectively, use to run the softWare applications. Appli 
cation modules 136 and 142, operating system modules 134 
and 140, system Watchdog module 132, and system Watchdog 
increment module 138 may each comprise softWare that may 
be executed by a processor, Which may be may include a 
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microprocessor, a controller, a DSP, an ASIC, an FPGA, 
discrete logic circuitry, or the like. A separate processor may 
provide be associated With each of the each modules 132, 134, 
136 of telemetry device 62 or tWo or more of the modules 132, 
134, 136 may be implemented controlled by a common pro 
cessor. The softWare may be stored Within separate or com 

mon memory of the intermediate device. The memory may 
include any volatile or non-volatile media, such as a RAM, 
ROM, NVRAM, EEPROM, ?ash memory, and the like. Simi 
larly, a separate processor may be associated With each of the 
modules 138, 140, 142 of consumer electronic device 64 or 
tWo or more of the modules may be controlled by a common 

processor. 

[0088] System Watchdog module 132 of telemetry device 
62 may indirectly verify that information transmitted from 
consumer electronic device 64 to telemetry device 62, e. g., a 
programming command for IMD 12, is valid Without analyZ 
ing the logical validity of the content of the information. For 
example, system Watchdog module 132 may comprise a soft 
Ware task that runs on telemetry device 62 to monitor the 
behavior of consumer electronic device 64. More speci?cally, 
in one embodiment, system Watchdog module 132 expects to 
periodically receive a de?ned signal, such as elements of a 
signature, or a particular programming command from con 
sumer electronic device 64 at predetermined intervals. In this 
manner, telemetry device 62 (the more secure device) moni 
tors consumer electronic device 64 (the less secure device). 
The signature or other signal transmitted from consumer elec 
tronic device 64 to telemetry device 62 may be, for example, 
a series of sequential numbers or a prede?ned pattern of 
numbers. Watchdog module 132 may monitor the behavior of 
consumer electronic device 64 during a programming session 
(e.g., While consumer electronic device 64 is sending com 
mands to telemetry device 62) or during a doWn time, When 
no programming instructions are being sent from consumer 
electronic device 64 to IMD 12 via telemetry device 12. 

[0089] As another example, in one embodiment, system 
Watchdog module 132 may expect to receive a signature or 
other signal from consumer electronic device 64. If the sig 
nature or other signal is not received from consumer elec 
tronic device 64 Within a predetermined time limit, Watchdog 
module 132 may instruct IMD 12 to enter a safe mode. In this 
Way, signals from consumer electronic device 64 to Watchdog 
module 132 may be considered a “stay alive” signal that 
maintains telemetry device 62 in an active state to act as a link 
betWeen consumer electronic device 64 and IMD 12. 

[0090] Watchdog increment module 138 on consumer elec 
tronic device 64 may deliver the de?ned signature from con 
sumer electronic device 64 to telemetry device 62 at prede 
termined time intervals. Described in further detail beloW, the 
Watchdog increment module 138 may be reset by rebooting 
consumer electronic device 64 or by any other suitable means. 

[0091] Watchdog module 132 may maintain a timer, and 
reset the timer in response to receiving each element of the 
signature. Expiration of the Watchdog timer may involve 
either counting up to or doWn from a predetermined value 
related to the time intervals at Which the consumer electronic 
device sends the signature. The signature may include a 
completion indicator that noti?es telemetry device 62 When 
consumer electronic device 64 has successfully completed 
sending instructions to telemetry device 62. In other embodi 
ments, the completion indicator may be sent separately from 
the signature to notify telemetry device 62 When consumer 
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electronic device 64 has successfully completed sending 
instructions to telemetry device 62. 

[0092] If for any reason, the transmission of the de?ned 
signature from consumer electronic device 64 to telemetry 
device 62 or from IMD 12 to telemetry device 62 is inter 
rupted during a particular time period, e. g., during a program 
ming session, as indicated by expiration of the timer main 
tained by Watchdog module 132 (e.g., betWeen the start of the 
transmission of the de?ned signature and the transmission of 
the completion indicator), telemetry device 62 may stop for 
Warding instructions from consumer electronic device 64 and 
change the therapy delivered by IMD 12 to the safe mode until 
the Watchdo g is reset. In one embodiment, the interruption in 
the transmission of the de?ned signature is indicated by expi 
ration of the timer maintained by Watchdog module 132 (e.g., 
betWeen the start of the transmission of the de?ned signature 
and the transmission of the completion indicator). More spe 
ci?cally, if telemetry device 62 does not receive the next 
element in the sequence of the signature before the timer 
expires, telemetry device 62 may change the therapy deliv 
ered by IMD 12 to the safe mode. 

[0093] For example, if telemetry device 62 does not receive 
any signals from Watchdog increment module 138 of con 
sumer electronic device 64 before the timer elapses, Which 
may indicate that the consumer electronic device 64 has 
become central processing unit (CPU) bound (e.g., consumer 
electronic device 64 is prevented from successfully perform 
ing an operation), telemetry device 62 may change the 
therapy delivered by IMD 12 to the safe mode. As another 
example, telemetry device 62 may also change the therapy 
delivered by IMD 12 to the safe mode if an incorrect element 
in the sequence of the signature is received. For example, if 
telemetry device 62 receives an element of the signature 
multiple times, Which may indicate that consumer electronic 
device 64 in stuck in an in?nite loop, telemetry device 62 may 
change the therapy delivered by IMD 12 to the safe mode. 
[0094] As described in further detail beloW, the Watchdog 
may be reset by rebooting consumer electronic device 64 or 
by any other suitable means. Expiration of the Watchdog 
timer may involve either counting up to or doWn from a 
predetermined value related to the period time intervals at 
Which the clinician programmer sends the signature. Watch 
dog increment module 138 on consumer electronic device 64 
may deliver the de?ned signature from consumer electronic 
device 64 to telemetry device 62 at predetermined time inter 
vals. 

[0095] To ensure that the Watchdog increment module 138 
is not incremented unless all other critical tasks for sending 
valid information to telemetry device 62 have been run to 
completion, the task that increments the Watchdog, i.e., the 
Watchdog increment task, may be the loWest priority critical 
task running on consumer electronic device 64. In some 
embodiments, the Watchdog increment task is the loWest pri 
ority task running on consumer electronic device 64 overall. 
The Watchdog increment task may be set as a loW priority task 
to help prevent the de?ned signature from continuing to be 
transmitted if consumer electronic device 64 has become 
CPU bound or encountered any other problem that may 
inhibit transmission of commands to telemetry device 62. 
Additionally, Watchdog increment module 138 may monitor 
other operations of consumer electronic device 64 to help 
ensure that no process inadvertently permanently disables the 
Watchdog increment task and/ or enables the Watchdo g incre 
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ment task under inappropriate conditions. This monitoring 
may be coupled to the Watchdog increment task and per 
formed as a loW priority task. 
[0096] For example, if an application task is stuck in an 
in?nite loop that is mistakenly sending the same telemetry 
message to telemetry device 62, the Watchdog increment task 
on consumer electronic device 64 Would never run. After a 

prede?ned amount of time during Which Watchdog module 
132 of telemetry device 62 does not receive an element of the 
de?ned signature from Watchdog increment module 138 of 
consumer electronic device 64, Watchdog module 132 may 
instruct telemetry device 62 to program IMD 12 to go into the 
safe mode and may refuse further commands from consumer 
electronic device 64 until Watchdog increment module 138 is 
reset. 

[0097] As mentioned previously, Watchdog increment 
module 138 may be reset by rebooting consumer electronic 
device 64. Additionally, if consumer electronic device 64 
recovers from a problem, it may automatically reset Watch 
dog increment module 138 and send a reset indication mes 
sage to telemetry device 62. Alternatively, after transmission 
of the de?ned signature has been interrupted, telemetry 
device 62 may send a reset command to consumer electronic 
device 64 to attempt to reset Watchdog increment module 138. 
If successful, consumer electronic device 64 may send a reset 
indication message to telemetry device 62. As an additional 
altemative, consumer electronic device 64 and/or telemetry 
device 62 may include a button or other means that may be 
activated by a user to reset the Watchdog function. 
[0098] Various embodiments of the invention have been 
described. These and other embodiments are Within the scope 
of the folloWing claims. 

1. A system comprising: 
an implantable medical device con?gured to transmit and 

receive information according to a ?rst communication 
protocol; 

a telemetry device con?gured to program the implantable 
medical device and comprising: 
a ?rst housing; 
a ?rst transceiver disposed Within the ?rst housing and 

con?gured to transmit and receive information 
according to the ?rst communication protocol; 

a second transceiver disposed Within the ?rst housing 
and con?gured to transmit and receive information 
according to a second communication protocol; and 

a consumer electronic device con?gured to program the 
implantable medical device and comprising a second 
housing separate from the ?rst housing, the consumer 
electronic device being con?gured to transmit and 
receive information according to the second communi 
cation protocol, 

Wherein the consumer electronic device is con?gured to 
communicate With the implantable medical device via 
the telemetry device, and 

Wherein the telemetry device includes feWer programming 
features than the consumer electronic device. 

2. The system of claim 1, Wherein the telemetry device 
comprises a user interface. 

3. The system of claim 2, Wherein the user interface com 
prises a safe mode button. 

4. The system of claim 2, Wherein the user interface com 
prises at least one of a button indicating an input relating to a 
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programming change to the implantable medical device or a 
light emitting diode, and a function of the button is repro 
grammable. 

5. The system of claim 2, Wherein the implantable medical 
device delivers electrical stimulation therapy to a patient, and 
the user interface comprises a therapy increment button that 
increases at least one of amplitude, frequency or pulse Width 
of the electrical stimulation therapy and a therapy decrement 
button that decreases at least one of the amplitude, frequency 
or pulse Width of the electrical stimulation therapy. 

6. The system of claim 2, Wherein the implantable medical 
device delivers ?uid delivery therapy to a patient, and the user 
interface comprises a therapy increment button that increases 
at least one of frequency or bolus siZe of the ?uid delivery 
therapy and a therapy decrement button that decreases at least 
one of the frequency or bolus siZe of the ?uid delivery therapy. 

7. The system of claim 1, Wherein the telemetry device has 
a length of less than or equal to approximately 12 centimeters 
(cm), a Width of less than or equal to approximately 8 cm, and 
a height of less than or equal to approximately 3 cm. 

8. The system of claim 7, Wherein the telemetry device has 
a length of less than or equal to approximately 8 cm, a Width 
of less than or equal to approximately 4 cm, and a height of 
less than or equal to approximately 1 cm. 

9. The system of claim 1, Wherein the consumer electronic 
device comprises a ?rst user interface comprising more fea 
tures than a second user interface of the telemetry device. 

10. The system of claim 1, further comprising a medical 
device programmer for programming the implantable medi 
cal device, Wherein the medical device programmer is con 
?gured to communicate With the implantable medical device 
via the telemetry device. 

11. The system of claim 10, Wherein the telemetry device 
further comprises a third transceiver disposed Within the ?rst 
housing and con?gured to transmit and receive information 
according to a third communication protocol, Wherein the 
medical device programmer is con?gured to transmit and 
receive information according to the third communication 
protocol. 

12. The system of claim 10, Wherein the medical device 
programmer is con?gured to transmit and receive information 
according to the second communication protocol. 

13. The system of claim 1, further comprising a Watchdog 
module, Wherein the consumer electronic device to con?g 
ured to periodically transmit a de?ned signal to the Watchdo g 
module, Wherein the consumer electronic device is con?g 
ured to transmit programming instructions to the telemetry 
device, and Wherein the telemetry device to con?gured to 
transmit the programming instructions to the implantable 
medical device if the de?ned signal is uninterrupted and 
transmit alternative instructions to the implantable medical 
device instead of the programming instructions in response to 
an interruption in transmission of the de?ned signal. 

14. A method comprising: 
receiving an input from a user via a user interface on a 

consumer electronic device, the user input indicating a 
desired programming change to be implemented into an 
implantable medical device; 

generating a programming signal based on the user input; 
and 

transmitting the programming signal to a telemetry device 
via a ?rst transmission signal according to a ?rst com 
munication protocol, the telemetry device comprising: 

Jun. 12, 2008 

a ?rst transceiver con?gured to receive the programming 
signal from the consumer electronic device; and 

a second transceiver con?gured to transmit the pro gram 
ming signal to the implantable medical device accord 
ing to a second communication protocol, 

Wherein the telemetry device is con?gured to program 
the implantable medical device independently of the 
consumer electronic device. 

15. The method of claim 14, further comprising: 
receiving data from the implantable medical device; and 
processing the data to determine Whether an alert condition 

is present. 
16. The method of claim 15, further comprising commu 

nicating the alert condition to at least one of the consumer 
electronic device or the telemetry device. 

17. The method of claim 15, further comprising commu 
nicating the alert condition to the user by activating a light 
emitting diode on the telemetry device. 

18. The method of claim 14, further comprising delivering 
the programming signal to the implantable medical device 
according to the second communication protocol. 

19. The method of claim 14, Wherein the desired program 
ming change comprises converting an operation of the 
implantable medical device to a safe mode. 

20. The method of claim 14, Wherein the desired program 
ming change comprises adjusting a therapy parameter. 

21. The method of claim 14, further comprising periodi 
cally transmitting a de?ned signal to the telemetry device 
according to the ?rst communication protocol, Wherein the 
second transceiver is con?gured to transmit the programming 
signal to the implantable medical device according to the 
second communication protocol if transmission of the 
de?ned signal is uninterrupted and transmit alternative 
instructions to the implantable medical device instead of the 
programming signal in response to an interruption in trans 
mission of the de?ned signal. 

22. The method of claim 21, Wherein transmitting altema 
tive instructions to the implantable medical device instead of 
the programming signal comprises transmitting alternative 
instructions to the implantable medical device to place the 
implantable medical device in a knoWn safe mode. 

23. A method comprising: 
positioning a telemetry device Within an operative distance 

of a consumer electronic device; 
positioning the telemetry device Within an operative dis 

tance of an implantable medical device implanted Within 
a patient, the telemetry device comprising: 
a ?rst transceiver con?gured to transmit and receive 

information from a medical device programmer 
according to a ?rst communication protocol; 

a second transceiver con?gured to communicate With 
the implantable medical device according to a second 
communication protocol; and 

a user interface to receive an input from a user; 
inputting a desired programming change for the implant 

able medical device into the consumer electronic device, 
Wherein the telemetry device delivers a programming 
signal to implement the desired programming change to 
the implantable medical device. 

24. The method of claim 23, Wherein the consumer elec 
tronic device comprises at least one of a mobile phone or a 
personal digital assistant. 

* * * * * 


