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MULTI-MODE COORDINATOR FOR MEDICAL 
DEVICE FUNCTION 

RELATED APPLICATIONS 

[0001] This application is a continuation in part of Ser. No. 
10/722,891, ?led Nov. 26, 2003. 

FIELD OF THE INVENTION 

[0002] The invention relates to implantable medical 
devices, particularly, medical devices equipped to commu 
nicate via transmitting and receiving transcutaneously trans 
mitted telemetry signals. More particularly, the invention 
relates to a device and method for the coordination of 
function betWeen 2 or more implantable medical devices 
With or Without similar telemetry systems. In particular, the 
inventive device is constructed in a temporary tape-on form 
from an energy ef?cient, inexpensive, and simple motor 
controller DSP. 

BACKGROUND OF THE INVENTION 

[0003] Today, as the population ages, implantable medical 
devices (IMDs) are in use for various cardiac, pulmonary 
and neurological diseases. In fact, many elderly patients 
often have multiple disease states that may be helped by 
several different IMDs. Additionally, several neuro-cardiol 
ogy diseases have several simultaneous physiologic mani 
festations. For example, epilepsy may often have concomi 
tant cardiac and/or pulmonary anomalies and Parkinson’s 
Disease patients also often have cardiac arrhythmia mani 
festations. Often epilepsy or Parkinson’s patients that have 
been neWly diagnosed or have transient periods When their 
current medicants are no longer effective and must be 
changed/modi?ed (i.e., drug type, dosage levels, timing, 
etc.), have transient episodes of cardiac or pulmonary 
anomalies that may last a feW days, a feW Weeks to several 
months in length. 

[0004] Additionally, often When an IMD is required for 
implantation, another device may already be implanted in 
the patient (i.e., a neuro stimulator may noW be required for 
recently diagnosed epilepsy and a pacemaker or ICD may 
already be present for cardiac anomalies such as bradycardia 
or tachyarrhythmia). With IMDs generally having a longev 
ity of 5-8 years minimum, and many lasting 15 years, it 
Would be cost effective for a physician to make use of the 
remaining life of the previously implanted device and, in 
doing so, may improve the effectiveness of the therapy 
delivered to the patient, reduce the pain/discomfort of 
therapy delivered and/or improve diagnostics of the neW 
device implanted. The 2 IMD devices Would have to have 
their operation and function synchroniZed and coordinated 
to provide these bene?ts. 

[0005] One issue With the integration of 2 or more IMDs 
in a patient is the additional “overhead” of softWare required 
for system function, integration of function, intra-device 
communication, neW algorithms for therapies or diagnostics 
and the like. Most IMDs have little free RAM or doWnload 
able code space left in the device after implant to be able to 
function as the system integrator/coordinator. 

[0006] Another issue With the synchronization of opera 
tion of 2 IMDs is that the telemetry method, modulation 
and/or coding format may be different betWeen, and com 
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plicating the communication betWeen, the 2 devices. Addi 
tionally, as above, neither of the 2 IMDs Would unlikely be 
able to provide the code space and circuit capability to alloW 
the modulation, demodulation, coding and decoding of 
telemetry formats to alloW this intra-device communication. 

[0007] In this context, telemetry generally refers to com 
munication of data, instructions, and the like betWeen a 
medical device and a medical device programmer operated 
by a physician. For example, a programmer may use telem 
etry to program a medical device to deliver a particular 
therapy to a patient. In addition, the programmer may use 
telemetry to interrogate the medical device. In particular, the 
programmer may obtain diagnostic data, event marker data, 
activity data and other data collected or identi?ed by the 
medical device. The data may be used to program the 
medical device for delivery of neW or modi?ed therapies. In 
this manner, telemetry betWeen a medical device and a 
programmer can be used to improve or enhance medical 
device therapy. 

[0008] Telemetry typically involves Wireless data transfer 
betWeen a medical device and the programmer using radio 
frequency (RF) signals, infrared (IR) frequency signals, or 
other electromagnetic signals. Any of a variety of modula 
tion techniques may be used to modulate data on a respective 
electromagnetic carrier Wave. Alternatively, telemetry may 
be performed using Wired connections, sound Waves, or 
even the patient’s ?esh as the transmission medium. A 
number of different telemetry systems and techniques have 
been developed to facilitate the transfer of data betWeen a 
medical device and the associated programmer. 

[0009] Many IMDs support telemetry. Examples of telem 
etry-capable IMDs include implantable cardiac pacemakers, 
implantable de?brillators, implantable pacemaker/cardio 
verter/de?brillators (ICDs), implantable muscular stimula 
tion devices, implantable brain stimulators, other implant 
able organ stimulation devices, implantable drug delivery 
devices, implantable cardiac monitors or loop recorders 
(ILRs), and the like. Telemetry, hoWever, is not limited to 
communication With IMDs. For example, telemetry may 
alloW an IMD to communicate With non-implanted medical 
devices in substantially the same Way as it is used With 
programmers. Examples include patient-carried monitors, 
patient activators, remote monitoring systems and the like. 

[0010] The evolution and advancement of IMD telemetry 
has yielded a number of advances in the art including, for 
example, improved communication integrity, improved data 
transmission rates, improved communication security, and 
the like. Moreover, as neW therapeutic techniques are devel 
oped, telemetry alloWs the neW techniques to be pro 
grammed into older medical devices, including devices 
previously implanted in a patient. Unfortunately, the evolu 
tion of telemetry has also resulted in proliferation of a Wide 
variety of different systems and communication techniques 
that generally require a unique programmer for communi 
cation With each type of device. Consequently, different 
types of medical devices, medical devices manufactured by 
different companies, or even similar medical devices manu 
factured by the same company, often employ different 
telemetry techniques. Accordingly, a Wide variety of differ 
ent programmers are needed to communicate With different 
medical devices in accordance With the different telemetry 
techniques employed by the medical devices. 
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[0011] A proposed solution to the large and diverse num 
ber of programmers required in a hospital and/or folloW-up 
clinic environment to program, interrogate or folloW patients 
With IMDs is a “universal programmer” as proposed, for 
example, by P Stirbys in “A Challenge: Development of a 
Universal Programmer”, PACE, Vol 16, April 1993, pg 
693-4 and by R Fortney, et al. in “Activation Times for 
“Emergency Backup” Programs”, PACE, Vol 19, April 
1996, pg 465-71. As pointed out in these articles, the 
dif?culty of implementing multiple up/doWn link formats in 
a single programmer is formidable. 

[0012] Prior art programmers have included optimiZed 
and customiZed bandpass ?lters and demodulators for 
demodulating and detecting the telemetered data signal from 
an IMD from a particular manufacturer. It Would be pro 
hibitively expensive, large and complex to incorporate the 
required ampli?cation, ?ltering and demodulation of all 
manufacturers’ IMDs in a single programmer. 

[0013] Additionally, the integration of the circuitry and 
?rmware/software into IMDs to alloW intra-device commu 
nication and system integration/control Would be unduly 
complex, bulky, poWer hungry and very difficult from a 
mechanical packaging perspective. There is a need for an 
energy efficient system integrator and coordinator apparatus 
that is con?gurable to receive and demodulate data teleme 
tered from a variety of implantable devices and communi 
cate to another IMD providing integrated/coordinated diag 
nostic function and/ or therapy deliverable to a patient. The 
present invention ful?lls this need. 

SUMMARY OF THE INVENTION 

[0014] In general, the invention is directed to a system 
coordinator for 2 or more IMDs and the communication 
betWeen those medical devices that may utiliZe different 
telemetry communication techniques. The system coordina 
tor receives telemetry signals from a given medical device, 
and selects an appropriate communication mode, Which can 
be pre-programmed into the coordinator as one of a plurality 
of possible communication modes. For example, upon 
receiving a telemetry signal from the medial device, the 
coordinator may identify a signature associated With the 
received telemetry signal. The coordinator can then select 
the appropriate communication mode, such as by accessing 
a lookup table that associates signatures With communica 
tion modes. Accordingly, the coordinator can selectively 
con?gure itself for communication With a given medical 
device based on the telemetry signal it receives from that 
medical device. 

[0015] In one embodiment, the invention provides a 
method comprising receiving a ?rst signal from a medical 
device, and selecting a communication mode from a plural 
ity of possible communication modes based on the ?rst 
signal. For example, selecting the communication mode 
based on the ?rst signal may include identifying a signature 
that substantially correlates to the ?rst signal, and selecting 
a communication mode associated With the signature. 

[0016] In another embodiment, the invention provides a 
system comprising a ?rst medial device, a second medial 
device, and a system coordinator. For example, the coordi 
nator receives a ?rst signal from the ?rst medial device, 
selects a ?rst communication mode from a plurality of 
possible communication modes based on the ?rst signal, 
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generates a second signal that complies With the ?rst com 
munication mode, sends the second signal to the ?rst medi 
cal device, receives a third signal from the second medial 
device, selects a second communication mode from the 
plurality of possible communication modes based on the 
third signal, generates a fourth signal that complies With the 
second communication mode, and sends the fourth signal to 
the second medical device. 

[0017] In yet another embodiment, the communication 
modes may be simply programmed by the patient’s physi 
cian based on the model numbers of the IMDs present. 

[0018] The present invention provides various advances in 
the art. In particular, the invention can alloW the extension 
of the useful lifetime of an IMD and/or provide improved 
function, including diagnostics and therapy, by alloWing 
intra-device communication and system coordination 
betWeen 2 or more IMDs. A multi-mode system coordinator 
can be used to communicate and provide system integration 
and coordination on a selective basis betWeen a plurality of 
different medical devices With, or Without, differing telem 
etry communication modes. 

[0019] The invention may also provide distinct advances 
in the art in terms of the siZe (form factor) and mechanical 
con?guration of a coordinator, useful for improved patient 
therapy and/or diagnostics. For example, a number of 
mechanical con?gurations are envisioned, including Wear 
able con?gurations such as con?gurations similar to jeWelry, 
a Wristwatch or a belt buckle to be Worn by the patient or 
medical personnel. In addition, a coordinator in the form of 
an ID card or adhesive patch With a removable memory card 
are envisioned for use by a patient so that diagnostic 
information can be collected on the removable memory card 
When the patch is adhered to the patients skin. In that case, 
the memory card may be removed from the coordinator and 
sent it to a physician for analysis Without the need to send 
the entire coordinator to the physician. Accordingly, the 
coordinator can be reused With another memory card. Of 
course, the coordinator itself could also be sent by the 
patient to the physician, in accordance With other embodi 
ments. These and other unique Wearable con?gurations can 
be realiZed in various embodiments of the invention, some 
of Which may have dimensions less than approximately 60 
millimeters by 90 millimeters by 15 millimeters, i.e., a form 
factor similar to that of a thick credit card. 

[0020] The techniques described herein may be imple 
mented in a system coordinator in hardWare, softWare, 
?rmware, or any combination thereof. If implemented in 
softWare, invention may be directed to a computer readable 
medium comprising program code, that When executed, 
performs one or more of the techniques described herein. 
Additional details of various embodiments are set forth in 
the accompanying draWings and the description beloW. 
Other features, objects and advances in the art Will become 
apparent from the description and draWings, and from the 
claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0021] FIG. 1 is a conceptual diagram illustrating a multi 
mode programmer communicating With an exemplary medi 
cal device implanted in a human body. 

[0022] FIG. 2 is a block diagram illustrating telemetry 
betWeen a multi-mode programmer and a set of different 
medical devices. 
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[0023] FIG. 3 is a block diagram of a multi-mode pro 
grammer that supports a plurality of communication modes 
for communicating with different medical devices via dif 
ferent telemetry techniques. 

[0024] FIG. 4 is a more detailed block diagram of a 
multi-mode programmer. 

[0025] FIGS. 5 and 6 are diagrams illustrating an embodi 
ment of a multi-mode programmer taking the form of an 
adhesive patch. 

[0026] FIGS. 7 and 8 are How diagrams illustrating tech 
niques in accordance With embodiments of the invention. 

[0027] FIG. 9 is a diagram illustrating an alternative 
embodiment utiliZing the multi-mode programmer of the 
invention. 

[0028] FIG. 10 is a simpli?ed schematic representation of 
the software based multi-mode programmer of the present 
invention. 

[0029] FIG. 11 is a schematic diagram of the front-end 
receiver, transmitter coil interface and DSP portions of the 
multi-mode programmer according to an embodiment of the 
invention. 

[0030] FIG. 12 is a diagram of the uplinked RF telemetry 
signal from an implanted medical device shoWing one 
embodiment of ping detection and demodulation. 

[0031] FIG. 13 is a diagram of an uplinked RF signal 
shoWing a Zero crossing extrapolation according to an 
embodiment of the invention. 

[0032] FIG. 14 is a diagram of an uplinked RF signal 
shoWing a poWer reduction technique utiliZing a WindoW 
sampling method. 

[0033] FIG. 15 is a conceptual diagram illustrating a 
multi-mode coordinator of the present invention communi 
cating With 2 exemplary medical devices implanted in a 
human body. 

[0034] FIG. 16 is a diagram of a method of implementing 
the implanting of a second IMD and initiating communica 
tion betWeen the ?rst and second IMDs. 

DETAILED DESCRIPTION 

[0035] FIG. 1 is a conceptual diagram illustrating a multi 
mode programmer 5 communicating With an exemplary 
medical device 8 implanted in a human body 10. Medical 
device 8 represents one of a variety of medical devices that 
may communicate With programmer 5. Although illustrated 
as an implantable cardiac pacemaker, medical device 8 may 
take the form of a variety of other medical devices such as, 
for example, an implantable de?brillator, an implantable 
pacemaker/ cardioverter/ de?brillator, an implantable muscu 
lar stimulus device, an implantable brain stimulator, an 
implantable nerve stimulator, an implantable drug delivery 
device, implantable monitor, or the like. In addition, medial 
device 8, as described herein, is not necessarily limited to an 
implantable device. Also, in some cases, medical device 8 
may correspond to a medical device used on non-human 
mammals or other animals. In short, the techniques 
described herein may be readily used With a Wide variety of 
medical devices including implanted and non-implanted 

Mar. 8, 2007 

medical devices used to deliver therapy or perform diagnosis 
in humans, mammals, or other types of living beings. 

[0036] In the example shoWn in FIG. 1, medical device 8 
includes a hermetically sealed enclosure 14 that may include 
various elements, although the invention is not limited to 
hermetically sealed devices. By Way of example, enclosure 
14 may house an electrochemical cell, e.g., a lithium battery, 
circuitry that controls device operations and records sensed 
events, physiological activity and patient conditions, and a 
control unit coupled to an antenna to transmit and receive 
information via Wireless telemetry signals 12. 

[0037] Programmer 5 communicates With medical device 
8 via telemetry signals 12. For example, programmer 5 may 
use telemetry signals 12 to program medical device 8 to 
deliver a particular therapy to human body 10, such as 
electrical stimulation, drug administration or the like. In 
addition, medical device 8 may use telemetry signals 12 to 
send information to programmer 5 such as diagnostic infor 
mation, sensed conditions associated With the patient, infor 
mation relating to therapy delivered to the patient, or any 
other information collected or identi?ed by medical device 
8. In this manner, telemetry alloWs communication betWeen 
medical device 8 and programmer 5. 

[0038] In accordance With the invention, programmer 5 
supports communication via a number of different telemetry 
modes. Accordingly, programmer 5 is capable of receiving 
and interpreting telemetry signals sent by medical devices 
that use different types of telemetry. Moreover, programmer 
5 can communicate to different medical devices using 
selected communication modes that correspond to the given 
medical device With Which programmer 5 is currently com 
municating. The different telemetry modes of programmer 5 
may cause programmer 5 to select different telemetry tech 
niques. For example, programmer 5 may be equipped to 
detect characteristic features of signals sent to programmer 
5 via different communication modes, such as unique carrier 
Waveform shapes, amplitudes, frequency and/or timing of 
the modulated Waveform, or the like. Based on the detected 
characteristics, programmer 5 selects one of the telemetry 
modes appropriate for communication With medical device 

[0039] Programmer 5 may be embodied in a Wide variety 
of mechanical con?gurations. By Way of example, program 
mer 5 may comprise a device Worn on a patient’s Wrist, 
much like a Wrist Watch, and may even comprise a fully 
functional Wrist Watch that tells time, but also includes the 
programmer functionality described herein. Alternatively, 
programmer 5 may be Worn around a patient’s neck, like a 
necklace, or around a patient’s Waist, like a belt. In other 
con?gurations, programmer 5 may be embodied in an iden 
ti?cation card, a pendent, a laptop computer, a handheld 
computer, a pager, or the like. In some cases, programmer 5 
may comprise a programmed computer used by emergency 
medical personnel, e.g., in an ambulance, to communicate 
With a variety of possible medical devices that may be 
implanted Within a given patient. In still other cases, pro 
grammer 5 may be embodied as an adhesive patch that is 
adhered to a patient’s skin. These and other con?gurations of 
programmer 5 may be used in accordance With the inven 
tion. 

[0040] In any case, programmer 5 receives telemetry sig 
nals 12 from a given medical device 8, and dynamically 
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selects an appropriate communication mode, Which can be 
pre-programmed into programmer 5 as one of a plurality of 
possible communication modes. For example, upon receiv 
ing a telemetry signal 12 from medical device 8, program 
mer 5 may identify a signature associated With the telemetry 
signal 12. Programmer 5 may then select the appropriate 
communication mode, such as by accessing a lookup table 
(LUT) that associates signatures With communication 
modes. Then, the programmer 5 can con?gure itself for 
communication With medical device 8 based on the telem 
etry signal 12 received from medical device 8. 

[0041] FIG. 2 is a block diagram illustrating telemetry 
betWeen programmer 5 and a set of different medical devices 
8A-8D. Again, the different medical devices 8A-8D may 
comprise any of a Wide variety of medical devices, including 
implanted and non-implanted medical devices, used to 
deliver therapy to humans, mammals, or even other types of 
living beings. In accordance With the invention, the different 
devices 8A-8D communicate using different telemetry tech 
niques. In other Words, the format of telemetry signal 12A is 
different from that of 12B, 12C and 12D. For example, 
different telemetry signals 12 may have distinct carrier 
Waveforms de?ned by amplitude and frequency. Also, dif 
ferent telemetry signals 12 may be modulated differently, 
e.g., using amplitude modulation (AM), frequency modula 
tion (FM), pulse Width modulation (PWM), pulse code 
modulation (PCM), pulse position modulation (PPM), or the 
like. Also, different coding schemes may be associated With 
different signals 12, such as phase-shift keying (PSK), 
orthogonal coding, frame based coding, or the like. Pro 
grammer 5 may identify these unique characteristics of the 
raW signal Without performing a demodulation in order to 
identify the communication mode. An appropriate demodu 
lator can then be selected, as Well as appropriate signal 
transmission techniques and components. 

[0042] Programmer 5 supports communication With the 
different devices 8A-8D by supporting communication via 
each of the different telemetry communication modes asso 
ciated With signals 12A-12D. In particular, programmer 5 
selectively sWitches communication modes to match the 
communication mode of medical device 8, and thereby 
permit programming, interrogation or both. Programmer 5 
may be con?gured to receive signals in a frequency band 
knoWn to correlate to all of telemetry signals 12, or may 
periodically tune to different frequency bands to tune for 
reception of different telemetry signals 12 over time. 

[0043] The different medical devices 8A-8D may corre 
spond to different types of devices, i.e., devices that deliver 
different types of therapy. Alternatively medical devices 
8A-8D may comprise similar devices manufactured by 
different companies, Which use different telemetry tech 
niques. In addition, medical devices 8A-8D may correspond 
to similar devices manufactured by the same company, but 
Which use different telemetry techniques. 

[0044] In most cases, medical devices 8A-8D correspond 
to different devices implanted or used on different patients. 
In some cases, hoWever, medical devices 8A-8D may cor 
respond to different devices implanted or used in one par 
ticular patient. In other Words, a patient may have more than 
one medical device 8 implanted Within his or her body. In 
that case, programmer 5 may support communication With 
all of the different devices implanted and used Within the 
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same patient. In any case, the need for distinct programmers 
for each device can be eliminated in favor of a single 
multi-mode programmer 5 that supports a plurality of com 
munication modes. 

[0045] FIG. 3 is an exemplary block diagram of a pro 
grammer 5 that supports a plurality of communication 
modes for communicating to different medical devices via 
different telemetry techniques. Programmer 5 is con?gured 
to dynamically select different communication modes 
according to the communication modes presented from 
medical devices 8. As illustrated, programmer 5 may include 
an antenna 32, a control unit 34, a memory 36, and a poWer 
supply 38. 

[0046] Antenna 32 may send and receive different elec 
tromagnetic telemetry signals 12, such as radio frequency 
signals, as directed by control unit 34. The invention, 
hoWever, is not limited for use With electromagnetic telem 
etry signals, but may also used With other telemetry signals, 
including sound Waves. In addition, in some embodiments, 
programmer 5 may use the patient’s ?esh as a transmission 
line for communication of electromagnetic signals betWeen 
medical devices and programmer 5. 

[0047] In any case, programmer 5 supports communica 
tion according to a plurality of telemetry modes. In opera 
tion, control unit 34 of programmer 5 receives telemetry 
signals via antenna 32. Antenna 32 may be tuned to a large 
frequency band that covers any possible telemetry signal 
that may be received from a device supported by program 
mer 5, or may be periodically tuned by control unit 34 to 
individual frequencies that correspond to speci?c telemetry 
signals that are supported. In any case, once a signal is 
received, control unit 34 conditions received signals so that 
signatures associated With the received signals can be iden 
ti?ed. For example, control unit 34 may perform ampli?ca 
tion or attenuation on received signals, and may also imple 
ment a phase locked loop to properly synchroniZe the phase 
of a received signal With the signatures to Which the received 
signal is being compared. 

[0048] The signatures may correspond to templates of 
expected Waveforms that correspond to possible telemetry 
signals that could be received. The signatures may include 
distinctive Waveform characteristics indicative of the 
respective telemetry signal, such as a particular frequency, 
amplitude, shape, modulation characteristic, or the like. 
Memory 36 stores the signatures for every telemetry tech 
nique that is supported by programmer 5. Accordingly, 
control unit 34 compares received signals With stored sig 
natures by accessing memory 36. Then, after identifying an 
acceptable match betWeen a stored signature and a received 
telemetry signal, e.g., 12A, programmer 5 is able to identify 
the telemetry technique associated With the medical device 
that sent signal 12A. In other Words, the received signals can 
be compared to signatures, and the signatures can be mapped 
to communication modes. 

[0049] Memory 36 may also store con?guration param 
eters associated With different communication modes for 
control unit 34. In addition, memory 36 may include a 
lookup table (LUT) that maps signatures to communication 
modes, i.e., by mapping a number associated With a signa 
ture to a number associated With an associated communica 
tion mode. Thus, upon identifying a signature associated 
With a received telemetry signal 12A, control unit can access 
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the LUT in memory 36 to select the proper communication 
mode. Then, control unit 34 can be con?gured according to 
the selected communication mode to output telemetry sig 
nals that the medical device associated With the received 
telemetry signal 12A can understand. In addition, control 
unit 34 can con?gure itself so that signals sent from the 
respective device can be properly demodulated and inter 
preted. In short, the different communication modes sup 
ported by programmer 5 can be programmed into memory 
36, and then applied on a selective basis based on received 
telemetry signals 12. 

[0050] FIG. 4 is a more detailed exemplary block diagram 
of programmer 5. As illustrated, programmer 5 includes a 
poWer supply 38, such as a battery, that poWers control unit 
34 and memory 36. Antenna 32 is coupled to control unit 34 
to facilitate the reception and transmission of Wireless 
electromagnetic telemetry signals. The invention, hoWever, 
is not necessarily limited for use With Wireless signals or 
electromagnetic signals. Again, similar principles can be 
applied in a programmer that can be Wired to one or more 
medical devices, or a programmer that uses the patient’s 
?esh or sound Waves as the transmission medium for tele 
metric communication. 

[0051] Control unit 34 may include a programmable digi 
tal signal processor (DSP) 42 coupled to a crystal oscillator 
(not shoWn). Examples of suitable DSPs include the 
TI-TMS320C2000 family of DSPs; such as the model 
number TI-TMS320LC2406 DSP, commercially available 
from Texas Instruments Incorporated of Dallas Tex., USA. 
By Way of example, the oscillator may comprise a 5 MHZ 
crystal, although other oscillators could be used. The 
TI-TMS320LC2406 DSP is a 16-bit ?xed point DSP origi 
nally designed for motor control applications. The 
TI-TMS320LC2406 DSP includes internal ?ash memory 
and a 10-bit analog to digital converter (ADC). Other DSPs 
and programmable microprocessors, hoWever, could alter 
natively be used. 

[0052] Memory 36 may comprise a removable memory 
card that couples to DSP 42 via a memory connector, 
although non-removable memory could also be used. 
Removable memory cards can provide an added bene?t in 
that the card can be removed from programmer 5 and sent 
to a physician for analysis. For example, after programmer 
5 telemetrically communicates With a given medical device 
8, data from that medical device may be stored in memory 
36. The data stored in memory 36 may be data selected by 
programmer 5. In some cases, the data stored in memory 36 
may be over?oW data from an internal memory associated 
With medical device 8, alloWing programmer 5 to provide 
more continuous and more prolonged patient monitoring 
capabilities. If memory 36 comprises a removable card, the 
card may be removed from programmer 5 and sent to a 
physician, and a neW card may be inserted in its place. In this 
manner, data from a medical device 8 can be easily provided 
to a physician, e.g., to facilitate early diagnosis of problems. 

[0053] Moreover, the use of memory cards can avoid the 
need to send the Whole programmer 5 to the physician. In 
addition, a more continuous and larger sample of data from 
the medial device may be captured by sequentially inserting 
a number of memory cards into programmer 5 over a period 
of time in Which information is being sent from the respec 
tive medical device. As one example, memory 36 may 
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comprise a 64 or 256 Megabyte multimedia memory module 
commercially available by SanDisk of Sunnyvale, Calif., 
USA. Other removable or non-removable memory, hoWever, 
may also be used. 

[0054] Another advances in the art of removable memory 
cards and a DSP relates to updating the function of the 
programmer 5. For example, in order to update programmer 
5 to support neW or different forms of telemetric commu 

nication, a different memory card, storing softWare to sup 
port the neW or different telemetry may be provided. In other 
Words, a DSP con?guration With removable memory pro 
vides advances in the art in terms of scalability of program 
mer 5. If neW or different telemetry is developed, softWare 
can be likewise devolved and provided to programmer via a 
neW removable memory card. Accordingly, in that case, the 
need to develop a different programmer may be avoided. 
Instead, neW algorithms can be provided to programmer 5 
via a neW memory card that stores neW instructions that can 
be executed by the DSP. 

[0055] Antenna 32 may comprise any of a Wide variety of 
antenna con?gurations. In one particular example, antenna 
32 may comprise a substantially ?at, co-planer dual oppos 
ing coil antenna. For example, tWo opposing coils may be 
formed on a common substrate to provide tWo signal inputs 
to control unit 34. The input of tWo or more signals to 
control unit 34 may simplify signal processing Within con 
trol unit 34, such as by simplifying ?ltering. In addition, an 
antenna scheme utiliZing multiple concentric and co-planar 
antenna coils on a substrate may also reduce the form factor 
of programmer 5, Which can facilitate Wearable embodi 
ments. The use of concentric and co-planar antenna coils 
may also improve the reception of telemetry signals in a 
noisy environment. 

[0056] PoWer supply 38 may comprise any of a Wide 
variety of batteries or other poWer sources. For example, 
poWer supply 38 may comprise a rechargeable or non 
rechargeable battery, such as a polymer or foil battery, a 
lithium ion batter, a nickel cadmium battery, or the like. The 
battery may have a voltage range of approximately 4.2 to 3.0 
volts throughout its useful service life and a capacity of 1.5 
Ah, although the invention is not limited in that respect. 

[0057] In addition to DSP 42, control unit 34 of program 
mer 5 may include a receiver module 46 and a transmitter 
module 48. Receiver module 46 and transmitter module 48 
may be integrated or may comprise separate circuits. The 
composition of receiver module 46 and transmitter module 
48 may depend on the particular DSP 42 used in control unit 
34 as Well as the particular communication modes supported 
by programmer 5. 

[0058] In general, receiver module 46 conditions a 
received telemetry signal for analysis by DSP 42. Receiver 
module 46 may include an analog-to-digital converter 
(ADC), although some DSPs, such as the 
TI-TMS320LC2406 mentioned above, include an ADC as 
part of the DSP. Receiver module 46 may also include one 
or more ampli?ers, a variable gain ampli?er (VGA), one or 
more ?lters, automatic gain control (AGC), if needed, and a 
phase-locked loop for synchronizing a received signal so 
that an in-phase sample can be identi?ed. These and/ or other 
components of receiver module 46 condition a received 
telemetry signal as required by DSP 42 so that signal 
analysis can be performed. In some cases, DSP 42 may 
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con?gure both itself and receiver module 46 for reception of 
a given telemetry signal that is expected, such as by selec 
tively sWitching on a subset of the bandpass ?lters in DSP 
42 and controlling the gain of a received signal in receiver 
module 46. 

[0059] Transmitter module 48 conditions output signals 
for Wireless transmission to a medical device via antenna 38. 
For example, DSP 42 may generate timed output signals 
based on a selected communication mode in order to com 
municate With the respective medical device 8 via telemetry. 
Transmitter module 48 can receive signals from DSP 42 and 
amplify the signals for transmission via antenna 38. For 
example, transmitter module 48 may include transmit cir 
cuitry for driving antenna 38, such as a set of ?eld effect 
transistors (FET) that output relatively large output voltage 
pulses in response to relatively small input voltages received 
from DSP 42. Transmitter module 48 may also include 
various other ?lters, ampli?ers, or the like, that may be 
selectively activated based on the given communication 
mode. For example, in some cases, a selected communica 
tion mode identi?ed by DSP 42 can cause DSP 42 to send 
control signals to transmitter module 48 to con?gure trans 
mitter module 48 for telemetric communication consistent 
With the selected communication mode. In any case, trans 
mitter module 48 conditions output signals from DSP 42 for 
Wireless telemetric transmission to a medical device. 

[0060] DSP 42 of programmer 5 may include several 
different bandpass ?lters and several different demodulators, 
such as one or more amplitude demodulators, one or more 

frequency-shift keyed (FSK) demodulators, one or more 
phase-shift keyed (PSK) demodulators, and the like. For 
example, these different components may be programmed as 
softWare or ?rmWare. In any case, DSP 42 selects the 
particular bandpass ?lter(s) and demodulator type to process 
the digitiZed signal according to the communication mode 
that is selected. In other Words, DSP compares the raW signal 
that is received to signatures in order to identify the appro 
priate communication mode, and then selectively enables 
the appropriate demodulator so that subsequent signals can 
be demodulated and interpreted. 

[0061] An additional function implemented by DSP 42 
may include the control of a variable-gain ampli?er (VGA) 
or other components included in receiver module 46 or 
transmitter module 48. For example, this may further ensure 
that the receiver module 46 supplies to the A/D converter of 
DSP 42 a signal having a desired peak amplitude. Moreover, 
VGA control in the DSP 42 may provide ?exibility in 
softWare so that adjustments can be made to properly 
condition a Wide variety of telemetry signals. 

[0062] In order to facilitate the automatic gain control 
(AGC) betWeen DSP 42 and receiver module 46, receiver 
module 46 may include a digital-to-analog (D/A) converter 
to convert a digital control Word supplied from DSP 42 to a 
corresponding analog voltage level for variable-gain ampli 
?cation. 

[0063] One speci?c con?guration of programmer 5 may 
be formed of the exemplary components listed above includ 
ing the TI-TMS320LC2406 DSP, SanDisk memory module, 
a dual coil planer antenna, a su?iciently small battery, and 
individual hardWare components to implement the receiver 
module 46 and transmitter module 48. In that case, pro 
grammer 5 may realiZe a compact form factor suitable for 
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inconspicuous use by a patient, e.g., to collect information 
from a medical device and send the memory cards to the 
physician. A minimal amount of communication from pro 
grammer 5 to the medical device may prompt the medical 
device to uplink the requested information. For example, 
such exemplary components may be used to realiZe a 
programmer 5 having dimensions less than approximately 
60 millimeters by 90 millimeters by 15 millimeters. In other 
Words, programmer 5 can be made to dimensions corre 
sponding roughly to the siZe of a thick credit card. Such 
reduced siZe can be particularly useful for Wearable embodi 
ments of programmer 5. 

[0064] If desired, programmer 5 may also include an 
activation sWitch (not shoWn), to alloW a patient to initiate 
communication With a medical device. For example, if the 
patient identi?es pain or other problems, it may be desirable 
to initiate communication, e.g., to cause the medical device 
to communicate sensed information to programmer 5. In that 
case, an activation sWitch can provide the patient With the 
ability to ensure that sensed conditions are stored in pro 
grammer 5 during periods of time When physical problems 
may be occurring to the patient. 

[0065] Moreover, programmer 5 may include other user 
interface features, such as a display screen, a speaker, or a 
blinking light. For example, feedback in the form of sound 
or light ?ashes, images, instructions, or the like may be 
useful to a patient, e.g., to indicate that communication has 
been initiated or to indicate to the patient that the program 
mer is positioned correctly for such communication. 

[0066] FIGS. 5 and 6 are diagrams illustrating one 
embodiment of programmer 5 in the form of an adhesive 
patch. In that case, programmer 5 may include an adhesive 
strip 51 for attaching programmer 5 to a patient’s skin. In 
addition, electrodes 55 may also be used to facilitate the 
reception of signals though the patients ?esh, although the 
use of electrodes Would not be necessary for every embodi 
ment. In other Words electrodes 55 may provide an altema 
tive to antenna 52 for the transmission and reception of 
signals. Accordingly, both electrodes 55 and antenna 52 may 
be electrically coupled to control unit 34. 

[0067] Programmer 5 (in this case a patch) is con?gured to 
dynamically select different communication modes accord 
ing to the communication modes presented from medical 
devices 8. As illustrated, programmer 5 may include an 
antenna 52, a control unit 34, a memory 36, and a poWer 
supply 38, an adhesive strip 51, a protective sheath 53 and 
electrodes 55. 

[0068] Antenna 52 may comprise a coplanar dual coil 
antenna that sends and receives electromagnetic telemetry 
signals as directed by control unit 34. Alternatively or 
additionally, electrodes 55 may be used to send and receive 
the signals. The protective sheath 53 may substantially 
encapsulate one or more of the components of programmer 
5. 

[0069] As outlined above, programmer 5 (in this case a 
patch) supports communication according to a plurality of 
telemetry modes. Control unit 34 compares received signals 
With stored signatures by accessing memory 36. Then, after 
identifying an acceptable match betWeen a stored signature 
and a received telemetry signal, programmer 5 is able to 
identify the telemetry technique associated With the medical 
device that sent the signal. 
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[0070] Memory 36 stores the signatures and may also 
store con?guration parameters associated With different 
communication modes for control unit 34. In addition, 
memory 36 may include a lookup table (LUT) that maps 
signatures to communication modes, i.e., by mapping a 
number associated With a signature to a number associated 
With an associated communication mode. Thus, upon iden 
tifying a signature associated With a received telemetry 
signal, control unit 34 can access the LUT in memory 36 to 
select the proper communication mode. Then, control unit 
34 can be con?gured according to the selected communica 
tion mode to output telemetry signals that the medical device 
associated With the received telemetry signal can under 
stand. In addition, control unit 34 can con?gure itself so that 
signals sent from the respective device can be properly 
demodulated and interpreted. 

[0071] As mentioned above, memory 36 may comprise a 
removable memory card. Accordingly, memory 36 may be 
removed from programmer 5, such as via a slot or hole 
formed in sheath 53. Alternatively, sheath 53 may be pulled 
back to expose memory 36, alloWing memory 36 to be 
removed or replaced and possibly sent to a physician for 
analysis. 

[0072] In still other embodiments, programmer 5 may be 
embodied in a Wrist Watch, a belt, a necklace, a pendent, a 
piece of jeWelry, an adhesive patch, a pager, a key fob, an 
identi?cation (ID) card, a laptop computer, a hand-held 
computer, or other mechanical con?gurations. A program 
mer 5 having dimensions less than approximately 60 milli 
meters by 90 millimeters by 15 millimeters can be particu 
larly useful for Wearable embodiments. In particular, a 
con?guration similar that that illustrated in FIGS. 5 and 6 
using the exemplary components listed herein may be used 
to realiZe a programmer With a small enough form factor to 
facilitate different Wearable embodiments. Additional com 
ponents may also be added, such as a magnet or electro 
magnet used to initiate telemetry for some devices. 

[0073] FIG. 7 is a How diagram illustrating a technique 
consistent With the principles of the invention. As shoWn, 
programmer 5 receives a telemetry signal 12 from a medical 
device 8 (71). Control unit 24 of programmer 5 selects a 
communication mode based on the received signal (72). 
Programmer 5 then communicates With medial device 8 
using the selected communication mode (73). 

[0074] In order to select the proper communication mode 
based on the received signal (72), control unit 24 of pro 
grammer 5 may identify a signature associated With the 
received signal. More speci?cally, receiver module 46 con 
ditions a received telemetry signal so that it falls Within the 
dynamic range of DSP 42. DSP 42 samples the conditioned 
signal and compares the digital sample to various signatures 
stored in memory 36. For example, DSP 42 may perform a 
correlation operation to compare a digital sample of a 
received signal to various signatures stored in memory 36. 
In particular, the correlation operation may compare the 
frequencies, phase shifts, pulse Widths, or any other variable 
betWeen the digital samples of the received signal to those 
of the different signatures. Upon identifying a signature that 
matches the digital sample of the received signal to Within 
an acceptable degree (Which may also be programmable), 
DSP 42 can con?gure programmer 5 according to a com 
munication mode associated With the signature. In other 
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Words, once the appropriate signature has been identi?ed, 
DSP 42 can select a communication mode, such as by 
accessing a LUT in memory 36 that maps signatures to 
communication modes. 

[0075] Upon identifying the necessary communication 
mode for telemetric communication With a respective medi 
cal device 8, control unit 34 con?gures for such communi 
cation. For example, DSP 42 may select an appropriate set 
of bandpass ?lters and an appropriate demodulator, each of 
Which may be softWare implemented as part of DSP 42. In 
addition, in some cases, DSP 42 may send control signals to 
receiver module 46 and transmitter module 48 to con?gure 
those modules 46, 48 for respective reception and transmis 
sion consistent With the selected communication mode. In 
this manner, programmer 5 can be con?gured for commu 
nication according to a ?rst telemetric mode of communi 
cation, and then recon?gured for communication according 
to a second (different) telemetric mode of communication. In 
some cases, a large number of different communication 
modes can be supported by programmer 5. 

[0076] FIG. 8 is another How diagram illustrating a tech 
nique consistent With the principles of the invention. As 
shoWn, programmer 5 initiates telemetry With a medical 
device 8 (81). In most cases, in order to preserve battery life 
in a medical device, the medical device does not send 
telemetry signals unless it receives a request for such 
signals. Accordingly, programmer 5 can be con?gured to 
initiate telemetry With medical devices (81) by sending an 
appropriate request. Moreover, since the initiation required 
to cause a given medical device to send a telemetry signal 
may differ With the device, programmer may perform a 
plurality of initiation techniques so as to cause any device 
supported by programmer 5 to send a telemetry signal. 

[0077] For some devices, a magnetic ?eld may be used to 
initiate telemetry, such as by magnetically activating a 
sWitch on the respective device to cause the device to send 
telemetry signals. Accordingly, programmer 5 may include 
a magnet or an electromagnet that generates the required 
magnetic ?eld to cause the medical device to send a telem 
etry signal. For other devices, telemetry from a medical 
device 8 may begin upon receiving a particular Wireless 
signal that corresponds to a request for telemetry. Accord 
ingly, control unit 24 of programmer 5 may be con?gured to 
send one or more different request signals to provoke a 
response from the medical device. In some cases, control 
unit 24 may send different request signals over time to 
provoke responses from different medical devices for Which 
programmer 5 supports telemetry. Thus, if a particular 
device is in proximity to programmer 5, eventually the 
appropriate request signal Will be sent from programmer 5 to 
that device. 

[0078] In any case, once programmer 5 has initiated 
telemetry With the medical device (81) causing the medical 
device to send a telemetry signal, programmer 5 receives the 
signal from the medical device (82). Control unit 24 of 
programmer 5 identi?es a signature stored in memory 26 
that correlates With the received signal (83). More speci? 
cally, DSP 42 generates a digital sample based on a signal 
conditioned by receiver module 46, and compares the digital 
sample to the signatures stored in memory by invoking a 
correlation operation. 
[0079] Upon identifying a signature stored in memory 26 
that correlates With the received signal (83), control unit 24 
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identi?es a medical device associated With the signature 
(84). More speci?cally, DSP 42 accesses a LUT in memory 
26 Which maps signatures to communication modes, and 
selects from the LUT, the communication mode associated 
With the identi?ed signature. 

[0080] Control unit 24 then con?gures programmer 5 for 
communication With the medical device 5 according to the 
selected communication mode (85). More speci?cally, DSP 
42 selects particular bandpass ?lter(s) and a demodulator to 
process received telemetry signals in accordance With the 
communication mode that is selected. In addition, DSP 42 
may send control signals to one or more components 
included in receiver module 46 or transmitter module 48 to 
con?gure the modules to condition received signals and to 
condition output signals according to the communication 
mode that is selected. 

[0081] Programmer 5 can then telemetrically communi 
cate With the medical device (86). This telemetric commu 
nication may be used for any of a Wide variety of desirable 
communication that can occur betWeen a programmer and a 

medical device. For example, programmer 5 may telemetri 
cally communicate With the medical device to program a 
neW therapy technique into the medical device. In particular, 
device 5 may be con?gured to receive input from a physician 
or medical personnel specifying a therapy to be performed, 
and may send a signal to the medical device according to the 
selected communication mode to direct the medical device 
to perform the therapy. 

[0082] Alternatively, programmer 5 may telemetrically 
communicate With the medical device 8 to request stored 
information corresponding, for example, to diagnostic infor 
mation, sensed conditions associated With the patient, infor 
mation relating to therapy delivered to the patient, or any 
other information collected or identi?ed by the medical 
device. In that case, programmer 5 may receive the 
requested information from the medical device in response 
to the request for stored information sent according to the 
appropriately selected communication mode. These or other 
communications may occur betWeen a medical device and 
programmer 8 once programmer has identi?ed the appro 
priate communication mode, and con?gured according to 
that communication mode consistent With the principles of 
the invention. 

[0083] FIG. 9 is a conceptual diagram illustrating an 
alternative embodiment utiliZing the multi-mode program 
mer 5 of the present invention communicating With an 
exemplary medical device 8 implanted in a human body 10 
and, additionally, communicating to an external remote 
monitor that may be connected to a network (in a hospital or 
clinic) or to the Internet for long distance remote monitoring. 
This embodiment illustrates a system that alloWs the retro 
?tting of the existing implant base of near ?eld telemetry 
pacemakers and de?brillators (totaling several million 
devices implanted WorldWide) to be simply, inexpensively 
and With no patient trauma updated to a far ?eld telemetry 
system to alloW the remote monitoring of this group of 
patients. Implantable medical device 8 represents one of a 
variety of medical devices that may communicate With 
programmer 5. Although illustrated as an implantable car 
diac pacemaker, medical device 8 may take the form of a 
variety of other medical devices such as, for example, an 
implantable de?brillator, an implantable pacemaker/cardio 
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verter/de?brillator, an implantable muscular stimulus 
device, an implantable brain stimulator, an implantable 
nerve stimulator, an implantable drug delivery device, 
implantable monitor, or the like. Multi-mode programmer 5 
may take the form of a belt Worn pager like device, a pendant 
Worn around the patient’s neck, a Wrist Worn Watch like 
device, a tape-on patch-like device or any other form factor 
that alloWs improved patient comfort and safety for long 
term monitoring. 

[0084] In the example shoWn in FIG. 9, medical device 8 
includes a hermetically sealed enclosure 14 that may include 
various elements, although the invention is not limited to 
hermetically sealed devices. By Way of example, enclosure 
14 may house an electrochemical cell, e.g., a lithium battery, 
circuitry that controls device operations and records sensed 
events, physiological activity and patient conditions, and a 
control unit coupled to an antenna to transmit and receive 
information via Wireless telemetry signals 12. 

[0085] Programmer 5 communicates With medical device 
8 via near ?eld telemetry signals 12ias substantially 
described in Us. Pat. No. 4,556,063 to Thompson, et al. and 
Us. Pat. No. 5,127,404 to Wyborny, et al. and incorporated 
herein by reference in their entireties. For example, pro 
grammer 5 may use telemetry signals 12 to program medical 
device 8 to deliver a particular therapy to human body 10, 
such as electrical stimulation, drug administration or the 
like. In addition, medical device 8 may use telemetry signals 
12 to send information to programmer 5 such as diagnostic 
information, sensed conditions associated With the patient, 
information relating to therapy delivered to the patient, or 
any other information collected or identi?ed by medical 
device 8. In this manner, telemetry alloWs communication 
betWeen medical device 8 and programmer 5. Additionally 
programmer 5 communicates to the remote monitor device 
7 via far ?eld telemetry signals 3ias substantially described 
in Us. Pat. No. 5,683,432 to Goedeke, et al. and incorpo 
rated herein by reference in its entirety. For example, the 
system described in association With FIG. 9 may alloW 
remote monitoring of high-risk CHF or arrhythmia patients 
as substantially described in Us. Pat. No. 5,752,976 “World 
Wide Patient Location and Data Telemetry System for 
Implantable Medical devices” to Duf?n et al. and incorpo 
rated herein by reference in its entirety. 

[0086] FIG. 10 is a simpli?ed schematic representation of 
a softWare based multi-mode transmitter/receiver/program 
mer of the present invention. The design of programmer 5 
consists of a single chip digital signal processor (DSP) 100. 
Examples of suitable DSPs include the TI-TMS320C2000 
family of DSPs; such as the model number 
TI-TMS320LC2406 DSP, commercially available from 
Texas Instruments Incorporated of Dallas Tex., USA. By 
Way of example, the oscillator 118 may comprise a 40 MHZ 
crystal, although other oscillators could be used. The 
TI-TMS320LC2406 DSP is a 16-bit ?xed point DSP, loW 
cost ($3), fully static With loW poWer modes originally 
designed for motor control applications. The 
TI-TMS320LC2406 DSP includes internal ?ash memory 
and a 16 channel l0-bit analog to digital converter (ADC) 
With 2Ms/s capability. Other DSPs and programmable 
microprocessors, hoWever, could alternatively be used. 

[0087] Continuing, FIG. 10 shoWs the unique antenna 
scheme Within the programmer head as substantially 










