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(57) Abstract: A telemetry system is presented
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between an implantable medical device and an
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for the implantable device is provided in which
the external device transmits a data segment
containing a repeating sequence of special wakeup
characters and a device ID in order to establish
a communications session with the implantable
device. The wakeup scheme may be designed to
operate using multiple communications channels.



WO 2006/116004 A1 {00000 0T 00000 A0 0

Published: For two-letter codes and other abbreviations, refer to the "Guid-
—  with international search report ance Notes on Codes and Abbreviations” appearing at the begin-
—  before the expiration of the time limit for amending the ning of each regular issue of the PCT Gazette.

claims and to be republished in the event of receipt of

amendments



10

15

20

25

30

WO 2006/116004 PCT/US2006/014957

SYSTEM AND METHOD FOR COMMUNICATIONS WITH
IMPLANTABLE MEDICAL DEVICES

CLAIM OF PRIORITY
Benefit of priority is hereby claimed to U.S. Patent Application Serial
Number 11/116,108, filed on April 27, 2005, which application is herein

incorporated by reference.

FIELD OF THE INVENTION
This invention pertains to implantable medical devices such as cardiac
pacemakers and implantable cardioverter/defibrillators. In particular, the
invention relates to a system and method for implementing telemetry in such

devices.

BACKGROUND

Implantable medical devices (IMDs), including cardiac rhythm
management devices such as pacemakers and implantable
cardioverter/defibrillators, typically have the capability to communicate data
with an external device (ED) via a radio-frequency telemetry link. One such
external device is an external programmer used to program the operating
parameters of an implanted medical device. For example, the pacing mode and
other operating characteristics of a pacemaker are typically modified after
implantation in this manner. Modern implantable devices also include the
capability for bidirectional communication so that information can be transmitted
to the programmer from the implanted device. Among the data that may
typically be telemetered from an implantable device are various operating
parameters and physiological data, the latter either collected in real-time or
stored from previous monitoring operations.

External programmers are commonly configured to communicate with an
IMD over an inductive link. Coil antennas in the external programmer and the
IMD are inductively coupled so that data can be transmitted by modulating a
carrier waveform which corresponds to the resonant frequency of the two

coupled coils. An inductive link is a short-range communications channel
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requiring that the coil antenna of the external device be in close proximity to the
IMD, typically within a few inches. Other types of telemetry systems may utilize
far-field radio-frequency (RF) electromagnetic radiation to enable
communications between an IMD and an ED over a wireless medium. Such
long-range RF telemetry allows the IMD to communicate with an ED, such as an
external programmer or remote monitor, without the need for close proximity.

In order for a substantial portion of the energy delivered to an antenna to
be emitted as far-field radiation, the wavelength of the driving signal should not
be very much larger than the length of the antenna. Far-field radio-frequency
communications with an antenna of a size suitable for use in an implantable
device therefore requires a carrier in the frequency range of between a few
hundred MHz to a few GHz. Active transmitters and receivers for this frequency
range require special RF components (typically including SiGe or GaAs
semiconductor devices) that consume a significant amount of power (typically
tens of milliwatts). Implantable medical devices, however, are powered by a
battery contained within the housing of the device that can only supply a limited
amount of continuous power before it fails. When the battery fails in an
implantable device, it must be replaced which necessitates a re-implantation
procedure. Power conservation is thus an important design objective in wireless
telemetry systems for implantable medical devices.

It is also common in clinical settings for there to be multiple implantable
and/or external devices present in an area so that communication over the
wireless medium is possible between the multiple devices. Access to the
medium among the multiple devices must be controlled in this situation in order
for a communications session between any pair of devices to be established. It
would also be desirable for there to be the possibility of multiple
communications sessions between different devices occurring concurrently.
Providing a means by which communications may be rapidly established with an
IMD in this environment within the constraints imposed by power conservation
considerations, however, is problematic. Also, in either the home or the clinic,
there are external sources of RF energy which may interfere with communication

between the ED and IMD, and this problem must also be dealt with.
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SUMMARY

The present invention relates to a telemetry system for enabling radio-
frequency (RF) communications between an implantable medical device and an
external device in a multiple device environment in a manner which reduces the
power requirements of the implantable devices. Each of the implantable devices
is programmed to power up its transmitter and receiver for a specified time
window at periodic intervals defined by the wakeup timer and wait for receipt of
special wakeup characters transmitted by the external device. In order to wakeup
and establish communications with only one selected implantable device among
a plurality of such devices that are within range, an identification code unique to
a particular implantable device is also transmitted by the external device. If the
implantable device determines that its identification code has been transmitted, it
then transmits an acknowledge signal and waits a specified period of time for a
response from the external device. The external device and the implantable
device then attempt to establish a communications session when a response to
the acknowledge signal is received by the implantable device. Multiple
communications channels separated in frequency may be used for narrow-band
noise avoidance and to enable simultaneous communications sessions between
devices. One or more of the multiple communications channels may be
dedicated for use as control channels in transmitting the wakeup sequence and

establishing a communications session.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of a telemetry system for an implantable device
and an external device.
Fig. 2 illustrates a handshaking protocol for collision avoidance.
Fig. 3 illustrates a wakeup scheme in accordance with the invention.
Fig. 4 illustrates the steps performed by the PRM/RM in establishing a

communications session in the multiple channel environment.

DETAILED DESCRIPTION
Power consumption by an implantable device may be lessened by

managing the duty cycle of the RF transmitting and receiving components.
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Long-range RF telemetry circuitry (i.e., the transmitter and receiver) typically
requires power on the order of tens of milliwatts in order to operate.

Implantable cardiac devices in use today, on the other hand, are usually designed
to operate with average power in the microwatt range. This means that the RF
telemetry circuitry must be duty cycled down in order to meet the power budget
of such devices. The RF telemetry circuitry of an implantable device can either
be powered up or down, referred to as awake and sleep states, respectively. Duty
cycling of the implantable device’s RF telemetry circuitry can be implemented
by a wakeup timer which defines periodic wakeup intervals at which the
implantable device powers up its RF circuitry and listens for a transmission from
an external device for a specified period of time, referred to as a wakeup
window. Upon acknowledging the transmission from the external device, a
communications session can be established by a handshaking protocol, and data
can then be transferred between the devices. In order to minimize power
consumption, it is desirable for the RF circuitry of the implantable device to be
powered up for as short a time as possible at each wakeup interval while still
being able to reliably recognize session requests from the external device. If the
implantable device recognizes a session request from the external device during
its wakeup window, it remains awake long enough to establish a
communications session with the external device; otherwise, the implantable
device returns to a sleep state until the next wakeup interval occurs.

Described herein is a telemetry system for enabling radio-frequency (RF)
communications between an implantable medical device and an external device
in a multiple device environment in a manner which reduces the power
requirements of the implantable device. In an exemplary system, the external
device is programmed to fransmit a data segment containing a repeating
sequence of special wakeup characters in order to establish a communications
session with the implantable device. The implantable device is programmed to
power up its transmitter and receiver for a specified time window, referred to as
a wakeup window, at periodic wakeup intervals defined by the wakeup timer and
wait for receipt of one of the special wakeup characters transmitted by the
external device. The implantable device maintains its transmitter and receiver in

a powered-up state upon receipt of a special character and for as long as

PCT/US2006/014957
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consecutive special wakeup characters continue to be received. In order to
wakeup and establish communications with only one selected implantable device
among a plurality of such devices that are within range, an identification code
unique to a particular implantable device is also transmitted by the external
device. In one embodiment, the identification code is included in the wakeup
sequence so that a unique wakeup sequence 1s used to wakeup each implantable
device. In another embodiment, the identification code is transmitted after one
or more wakeup characters are transmitted. Once an implantable device is
woken up by the wakeup characters, the device continues to receive data until it
determines whether or not its identification code has been transmitted. If the
implantable device determines that its identification code has been transmitted, it
then transmits an acknowledge signal and waits a specified period of time for a
response from the external device. When a response to the acknowledge signal
is received by the implantable device, the external device and the implantable
device are programmed to establish a communications session by a handshaking
protocol. During a communications session, the RF transmitter and receiver of
the implantable device may then either be maintained in the powered-up state for
the duration of the communications session or powered down at prescribed
intervals according to a defined protocol.

The controllers of the external and implantable devices may be
programmed to operate their respective telemetry hardware in 2 manner which
utilizes multiple communications channels. The multiple channels are defined
with different carrier frequencies so that communications over one channel does
not disturb communications over any of the other channels. By using multiple
channels for data transfer, a plurality of communications sessions with different
implantable devices may take place simultaneously. Also, most noise from
external sources is of the narrow-band type, where the energy of the noise is
confined to a particular frequency range. Examples of narrow-band noise
sources include communications devices such as wireless telephones as well as
many other kinds of electronic equipment which are commonly found in the
home and in the clinic. When such narrow-band noise is in the same frequency
range used for telemetry, it is said to be in-band and can interfere with

communications between the devices. The use of multiple communications
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channels helps to alleviate this problem since, at any given time, only the
channels at the same frequency as the in-band noise are interfered with. The.
devices may be programmed to test a channel for both noise and the presence of
other traffic before using that channel for communications.

The wakeup scheme described above, however, requires the external
device to use a channel for transmitting the wakeup sequence that is expected by
the implantable device. A channel may therefore be dedicated to use for waking
up and establishing communications with an implantable device, referred to as a
wakeup channel or control channel, with the other channels used for data
communications referred to as data channels. Once a communications session is
established, the external device finds an available and non-noisy data channel
and transmits the information to the implantable device so that both devices can
switch to that channel for data transfer. The control channel is then freed up for
use by other devices in establishing communications sessions. In another
embodiment, multiple control channels are employed in order to allow for the
possibility that narrow-band noise could render a single control channel
nnusable. The implantable device in that case may be programmed to power up
its receiver and listen for wakeup characters on the different control channels.
The wakeup intervals for the different control channels could be the same or

different.

1. Exemplary hardware components

Fig. 1 shows the primary telemetry components of an external device 200
and an implantable medical device 100. In this functional block diagram, the
components are shown as being identical in each device. In this exemplary
embodiment, the external device and the implantable device are microprocessor-
based devices each having a controller 102a or 102b that includes a
microprocessor and memory for data and program storage that supervises overall
device operation as well as telemetry. Code executed by the controller also
implements the duty cycle management schemes to be described below. The
implantable device 100 may be a cardiac rhythm management device such as a
pacemaker or implantable cardioverter/defibrillator, while the external device

200 may be an external programmer or a data-gathering device such as remote
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monitor. A user interface 300 (e.g., a keyboard and monitor) enables a user such
as a clinician to direct the operation of the external device.

A long-range RF receiver 120a or 120b and a long-range RF transmitter
110a or 110b are interfaced to the microprocessor 102a or 102b in the
implantable device and the external device, respectively. Also in each device,
the transmitter and receiver are coupled to an antenna 101a or 101b through a
transmit/receive switch 130a or 130b. The transmit/receive switches 130a and
130b are controlled by the microprocessor and either passes radio-frequency
signals from the transmitter to the antenna or from the antenna to the receiver.
To effect communications between the devices, a radio-frequency carrier signal
modulated with digital data is transmitted wirelessly from one antenna to the
other. A demodulator for extracting digital data from the carrier signal is
incorporated into each receiver, and a modulator for modulating the carrier signal
with digital data is incorporated into each transmitter. The interface to the
controller for the RF transmitter and receiver in each device enables data
transfer. The implantable device also incorporates a means by which the
controller can power up or power down the RF receiver and/or transmitter in
order to manage duty cycles in the manner described below. A wakeup timer
180 for defining the RF duty cycle is also shown for the implantable device, and
this timer can either be implemented in code executed by the controller or can be
discrete components. Fig. 1 also shows an inductively coupled ’
transmitter/receiver 140a or 140b and antenna 150a or 150b for the implantable
and external devices by which communication may take place without concern
for power consumption when the two devices are in close physical proximity to

one another.

2. Description of communications enablement scheme

A wireless telemetry system for implantable medical devices is generally
a multiple access network in which a number of network participants share the
available bandwidth of the wireless medium. A medium access control (MAC)
protocol may be defined which allows each network participant to acquire
exclusive access to the medium before transmitting data to an intended recipient.

A collision is said to occur when two or more participants attempt to transmit at



10

15

20

25

30

WO 2006/116004

the same time. In certain networks, collisions may be detected by the sender
listening to the medium when a transmission is initiated to determine if other
network activity is present. If a collision is detected, the sender ceases
transmitting and waits for a random or defined period before trying again. Most
wireless transceivers operate in a half-duplex mode, however, and cannot
simultaneously transmit and listen for ongoing network activity. MAC protocols
for wireless networks therefore typically use out-of-band signaling or a
handshaking protocol to minimize the probability of a collision occurring. In an
example of the latter type of protocol, a four-way RTS-CTS-DS-ACK exchange
as illustrated by Fig. 2 is used to avoid collisions. A network participant who
desires to send a message to a particular recipient first transmits a request-to-
send (RTS) frame and waits a defined period of time for a clear-to-send (CTS)
frame from the intended recipient. All other network participants who hear
either of the RTS or CTS frames defer their transmissions. Upon receiving the
CTS response, the sender can assume that the medium has been exclusively
acquired and can then begin transmission of a data segment (DS) to the recipient.
If the data is received without errors, the recipient responds with an acknowledge
(ACK) frame which frees the medium for access by another participant. The
present invention, in various embodiments, may work in the context of any of the
medium access control protocols discussed above.

A particular communications enablement scheme will now be described
with reference to an external programmer or remote monitor (PRM/RM) and an
implantable device (referred to as a pulse generator or PG). In this embodiment,
the wakeup process works within the framework of a handshaking collision
avoidance protocol as described above. In such a protocol, the PRM/RM
transmits the RTS and CTS frames to cause other participants to defer their
transmissions. It then transmits a data segment DS containing wakeup characters
and a device ID to the particular PG it wants to communicate with. The
awakened PG then transmits an ACK frame to release the medium. The wakeup
process is illustrated by Fig. 3. The length of the DS message is set to a large
number (e.g., 256 bytes), and contains a repeating sequence of a special n-bit
(e.g., 10-bit) character reserved solely for use as a wakeup indicator. In one

embodiment, the implantable device and the external device communicate by a

PCT/US2006/014957
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transmission code which provides a DC balanced data stream such as 8b/10b.
Such bit balanced data streams are advantageous in RF communications. In
order for the special wakeup character to be invariant, the special wakeup
character may be selected as a bit balanced sequence which is not changed by the
transmission code.

The data segment also contains a device ID which may be either
incorporated into the wakeup indicator itself by employing unique wakeup
characters for each PG or may be a separate sub-segment transmitted after the
wakeup characters. The PG wakes up periodically (e.g., every 20-30 seconds)
and listens for a very short interval to receive a wakeup special character. If one
wakeup special character is received, then the PG will stay awake long enough to

receive several more wakeup special characters. In one embodiment, the wakeup

~ characters are unique to the PG, and the awakened PG knows that the PRM/RM

wants to establish a communications session with it. The PG then remains
awake after the data segment is finished and transmits an ACK frame to the
PRM/RM. In another embodiment, the awakened PG waits for a device ID
which occurs later in the data segment, and it goes back to a sleep state if the
device ID does not match its own. Otherwise, the PG remains awake after the
data segment and responds with an ACK frame. After transmitting the ACK
frame, the PG then stays awake for an extended period of time in order to receive
aresponse from the PRM/RM. The PRM having successfully received this ACK
message proceeds to perform a connection process which will contend for
message traffic within the protocol framework in order to establish a
communications session with the PG.

The communications scheme just described enables a PRM/RM to
establish a communications session with a selected one among a plurality of
PG’s using a single communications channel which is shared among the PG’s.

In further modification, the communications system utilizes multiple
communications channels separated in frequency. One of the channels is
dedicated for use as a control or wakeup channel with the other channels used as
data channels for continuing communications sessions established over the
wakeup channel. Fig. 4 illustrates the steps performed by the PRM/RM in

establishing a communications session in the multiple channel environment.
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The PG’s are configured to periodically wake up and listen for wakeup
characters on the wakeup channel in the manner described above. At step S1,
the PRM/RM waits until it determines that the wakeup channel is available (e.g.,
by receiving an ACK frame from some other device on the channel or by
determining that there is no traffic on the channel). At step S2, it transmits the
RTS-CTS-DS sequence over the wakeup channel, where the DS frame includes
the device ID of the PG it wants to communicate with as described above. At
step S3, the PRM/RM waits for an ACK from the PG. If no ACK is received
after a specified period of time, a time out is declared and the device returns to
step S1 to transmit another wakeup sequence. Otherwise, after receiving the
ACK frame, the PRM/RM at step S4 vies for access to the wakeup channel in
order to respond to the PG and establish a communications session. At step S5,
the PRM/RM then finds an available data channel and transmits the data channel
ID to the PG over wakeup channel. At step S6, the PRM/RM and PG both
switch to the selected data channel for further communications.

By having multiple data channels, the system allows data
conumunications to take place in the event narrow-band noise renders one of the
channels unusable. It may also be desirable to use multiple wakeup channels so
that communications sessions can be initiated with a PG in the event that
narrow-band noise corrupts one of the wakeup channels. In this embodiment,
the PG may be programmed to wake up and listen for wakeup characters on each
of the wakeup channels. The wakeup intervals at which the PG wakes up and
listens on each of the wakeup channels may be the same or different. For
example, the PG may wakeup every minute to listen for wakeup characters on a
primary wakeup channel and wakeup every three minutes to listen on a
secondary wakeup channel. The PRM/RM would then be programmed to
transmit the wakeup sequence on the primary and secondary wakeup channels
either alternately or simultaneously.

Although the invention has been described in conjunction with the
foregoing specific embodiments, many alternatives, variations, and modifications
will be apparent to those of ordinary skill in the art. Such alternatives,
variations, and modifications are intended to fall within the scope of the

following appended claims.
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What is claimed is:

1. A telemetry system for enabling radio-frequency (RF) communications
between an implantable medical device and an external device, comprising:

an antenna, an RF transmitter, an RF receiver, and a controller
incorporated into each of the implantable and external devices;

a wakeup timer incorporated into the implantable device;

wherein the RF transmitter and receiver are interfaced to the controller in
the implantable device to enable the RF transmitter and receiver to be powered
up or down;

wherein the external device is programmed to transmit a data segment
containing a repeating sequence of special wakeup characters and a device ID in
order to establish a communications session with the implantable device;

wherein the implantable device is programmed to power up its
transmitter and receiver for a specified time window at periodic intervals defined
by the wakeup timer and wait for receipt of one of the special wakeup characters
transmitted by the external device;

wherein the implantable device is programmed to maintain its transmitter
and receiver in a powered-up state upon receipt of a special character and for as
long as consecutive special wakeup characters continue to be received, to
transmit an acknowledge signal to the external device if the device ID matches
its own ID, and then to wait a specified period of time for a response from the
external device; and, |

wherein the external device and the implantable device are programmed
to establish a communications session when a response to the acknowledge

signal is received by the implantable device.

2. The system of claim 1 wherein the device ID is incorporated into the
wakeup characters by using unique wakeup characters for a particular

implantable device.

3. The system of claim 1 wherein the device ID is included in the data

segment after the wakeup characters.

11
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4. The system of claim 1 wherein the RF transmitter and receiver of the
external and implantable devices may be switched among multiple

communications channels separated in frequency.

5. The system of claim 4 wherein one of the multiple channels is dedicated
for use as a wakeup channel for establishing a communications session and the
remaining channels are data channels for continuing established communications

sessions.

6. The system of claim 5 wherein the external device is programmed to
transmit an RTS frame, a CTS frame, and the data segment over the wakeup
channel, the implantable device is programmed to respond by transmitting an

ACK frame over the wakeup channel.

7. The system of claim 6 wherein the external device is programmed, after
receiving the ACK frame from the external device over the wakeup channel, to
vie for access to the wakeup channel in order to respond to the PG and establish

a communications session.

8. The system of claim 7 wherein the external device is programmed, after
establishing a communications session with the implantable device, to find an
available data channel, transmit the data channel ID to the PG over wakeup

channel, and switch to the selected data channel for further communications.
9. The system of claim 1 wherein the implantable device and the external
device communicate by a transmission code which provides a DC balanced data

stream.

10.  The system of claim 9 where the transmission code is 8b/10b.

12
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11. A method by which an external device communicates with an
implantable medical device, comprising:

transmitting a data segment containing a repeating sequence of special
wakeup characters and a device ID from the external device in order to establish
a communications session with the implantable device, wherein the implantable
device powers up its transmitter and receiver for a specified time window at
periodic intervals and waits for receipt of one of the special wakeup characters
transmitted by the external device;

wherein the implantable device maintains its transmitter and receiver in a
powered-up state upon receipt of a special character and for as long as
consecutive special wakeup characters continue to be received, transmits an
acknowledge signal to the external device if the device ID matches its own ID,
and then waits a specified period of time for a response from the external device;
and,

establishing a communications session when a response to the

acknowledge signal is received by the implantable device.

12.  The method of claim 11 wherein the device ID is incorporated into the
wakeup characters by using unique wakeup characters for a particular

implantable device.

13. The method of claim 11 wherein the device ID is included in the data

segment after the wakeup characters.

14.  The method of claim 11 wherein the RF transmitter and receiver of the
external and implantable devices may be switched among multiple

communications channels separated in frequency.

15.  The method of claim 14 wherein one of the multiple channels is
dedicated for use as a wakeup channel for establishing a communications session
and the remaining channels are data channels for continuing established

communications sessions.

13
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16. The method of claim 15 wherein the external device transmits an RTS
frame, a CTS frame, and the data segment over the wakeup channel, the
implantable device responds by transmitting an ACK frame over the wakeup

channel.

17. The method of claim 16 wherein the external device, after receiving the
ACK frame from the external device over the wakeup channel, vies for access to
the wakeup channel in order to respond to the PG and establish a

communications session.

18.  The method of claim 17 wherein the external device, after establishing a
communications session with the implantable device, finds an available data
channel, transmits the data channel ID to the PG over wakeup channel, and

switches to the selected data channel for further communications.
19.  The method of claim 11 wherein the implantable device and the external
device communicate by a transmission code which provides a DC balanced data

stream.

20. The method of claim 19 where the transmission code is 8b/10b.

14
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method for treatment of the human body.
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