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(57) ABSTRACT

An implantable medical device for use in a patient manage-
ment system is described including a sensor, a processor, and
a first communications unit. The first communications unit
can deliver notification of significant events to a host com-
puter using a short-range telemetry first communications
link. A second communications unit can deliver notification
of the significant events to the host computer over a second
communications link, which is over a pervasive wireless
communications network, such as a cell phone network. The
device includes an antenna that is operatively connected to
both the first and second communications units.
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IMPLANTABLE MEDICAL DEVICE WITH
ANTENNA

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/021,202, filed Jan. 15, 2008, the
contents of which are herein incorporated by reference.

TECHNICAL FIELD

[0002] This application relates generally to patient man-
agement systems, and particularly, but not by way of limita-
tion, to an implantable medical device having wireless com-
munication capabilities and configured for use in a patient
management system.

BACKGROUND OF THE INVENTION

[0003] Patient treatment for heart conditions often occurs
only after an adverse event such as acutely de-compensated
heart failure resulting in hospitalization. However, patients
may be provided with an implanted medical device (IMD) to
monitor for signs of impending de-compensation and other
problems. IMD:s can also provide electrical pacing therapy to
treat impending de-compensation and other problems. IMDs
can measure and record electrical cardiac activity, physical
motion and other clinical parameters.

[0004] The data collected by these devices can be retrieved
from the device. In a typical configuration, an IMD is pro-
vided with an antenna for communicating by telemetry with a
device outside of the patient’s body. In one case, the device
outside of the patient’s body is a wand that is held against or
near the patient’s body in the vicinity of the implanted device.
The wand is conventionally magnetically or inductively
coupled to the IMD and is wired to a programmer and
recorder module that receives and analyzes the information
from the implanted device and that may provide an interface
for a person such as a physician to review the information.
The programmer and recorder module is in turn connected to
ahost computer which is monitored by medical professionals.
[0005] In other cases, an IMD has far-field RF telemetry
capabilities, so that the IMD can communicate with a moni-
toring unit in the patient’s home without requiring any action
by the patient. It is not necessary for a patient to place a wand
near the implanted device in these systems. The IMD com-
municates with a repeater located in the patient’s home via a
far field wireless communications link. For example, one
known RF communication system for these short-range dis-
tances is the LATITUDE® Advanced Patient Management
system sold by Boston Scientific Corporation of St. Paul,
Minn. Such a system usually includes a patient monitor
device that can receive transmissions from an IMD from
within about 9 to 12 feet. In one known arrangement, a patient
places a patient monitor device in a living space, such as on a
stand next to the patient’s bed, so that the patient monitor
device can receive data transmitted from the IMD while the
patient is in proximity to the monitor device. The patient
monitor device is connected to a host computer that is moni-
tored by medical professionals.

[0006] While the use ofa patient monitor unit is convenient
for a patient while located near the repeater, such as within 9
to 12 feet, no data can be transmitted from the implanted
device to the repeater if the implanted device is out of range.
If a medically significant event occurs while the implanted
device is out of range of the repeater, it will not be possible to
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transmit information about the medically significant event
back to the host computer at that time.

[0007] IMDs provided to heart failure patients frequently
are also capable of electronic signal processing to deliver a
medical therapy. One example of a type of implantable medi-
cal device is a cardiac rhythm management (CRM) device.
CRM devices may include, for example, cardiac resynchro-
nization devices, pacemakers and implantable cardioverter
defibrillators (ICD). These devices generally provide medical
treatment to a patient having a disorder relating to the pacing
of the heart, such as bradycardia or tachycardia. For example,
a patient having bradycardia may be fitted with a pacemaker,
where the pacemaker is configured to monitor the patient’s
heart rate and to provide an electrical pacing pulse to the
cardiac tissue if the heart fails to naturally produce a heart
beat at a sufficient rate. By way of further example, a patient
may have an ICD implanted to provide an electrical defibril-
lation shock to the patient’s heart if the patient experiences
fibrillation.

[0008] IMDs may further be configured to receive instruc-
tions from an external source to modify and control the opera-
tion of the IMD. For example, a physician may transmit
instructions from an external device to an implanted medical
device within a patient to change the therapy administered to
the patient in response to the physician’s analysis of informa-
tion received about the patient’s condition.

[0009] Improved systems for communications of signals to
and from implantable medical devices are needed, especially
while the patient is not in range of a home monitoring unit.

SUMMARY OF THE INVENTION

[0010] In one embodiment, an implantable medical device
for use in a patient management system includes a sensor
capable of measuring a body characteristic and generating a
data signal describing the measurement and a processor con-
figured to analyze the data signal and configured to identify
one or more significant events that warrant attention for the
well-being of a patient. The implantable medical device also
includes a first communications unit including a first wireless
transmitter/receiver capable of establishing a first communi-
cations link with a host computer using an external local
transmitter/receiver unit, when it is within a short-range
telemetry communication range of the local transmitter/re-
ceiver unit, to deliver at least notification of the one or more
significant events to said host computer using said first com-
munications link. The implantable medical device further
includes a second communications unit comprising a second
wireless transmitter/receiver unit capable of establishing a
second communications link with the host computer over a
pervasive wireless communications network to deliver at
least notification of the one or more significant events to said
host computer over the second communications link. The
implantable medical device further includes an antenna
operatively connected to both the first and second communi-
cations unit.

[0011] In another embodiment, a method of telemetry
between an implantable medical device used in a patient
management system and a host computer includes providing
an implantable medical device including a sensor and an
antenna, and measuring a body characteristic using the sensor
and generating a data signal that describes the measurement.
The method further includes analyzing the data signal and
identifying one or more significant events that merit attention.
Notification of the one or more significant events is wirelessly
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transmitted over the antenna by a first communication unit
from the implantable medical device to an external local
transmitter/receiver unit in the host computer over a first
communications link, when the implantable medical device is
within a short-range telemetry communication range of said
local transmitter/receiver unit. When the implantable medical
device is out of range of the local transmitter/receiver unit,
notification of the one or more significant events from the
implantable medical device is wirelessly transmitted over the
antenna to the host computer by a second communications
unit over a pervasive wireless communications network.
[0012] This summary is an overview of some of the teach-
ings of the present application and is not intended to be an
exclusive or exhaustive treatment of the present subject mat-
ter. Further details are found in the detailed description and
appended claims. Other aspects will be apparent to persons
skilled in the art upon reading and understanding the follow-
ing detailed description and viewing the drawings that form a
part thereof, each of which is not to be taken in a limiting
sense. The scope of the present invention is defined by the
appended claims and their legal equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention may be more completely understood
in connection with the following drawings, in which:

[0014] FIG. 1 is a schematic representation of an implant-
able medical device in a patient.

[0015] FIG. 2 is a schematic of components of an embodi-
ment of an implantable medical device.

[0016] FIG. 3 is a depiction of a wireless communication
network between an implantable medical device and a host
computer over a pervasive wireless communication network.
[0017] FIG. 4 is a depiction of a communication link
between an implantable medical device and a computing
device utilizing a wand.

[0018] FIG. 5 depicts a wireless communication transmis-
sion from an implantable medical device when a patient is
located near a patient management device.

[0019] FIG. 6 depicts an embodiment of a broad-band
single mode antenna for use with the present invention.
[0020] FIG. 7 depicts an embodiment of a dual band
antenna for use with the present invention.

[0021] FIG. 81s an embodiment of a fractal antenna for use
with one embodiment of an IMD of the present invention.
[0022] While the invention is susceptible to various modi-
fications and alternative forms, specifics thereof have been
shown by way of example and drawings, and will be
described in detail. It should be understood, however, that the
invention is not limited to the particular embodiments
described. On the contrary, the intention is to cover modifi-
cations, equivalents, and alternatives falling within the spirit
and scope of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] As mentioned above, many implantable medical
devices are configured to transmit information from the
implantable device to a computer or other device located
outside of the patient.

[0024] Some IMDs are configured to be capable of radio
frequency (RF) transmission of data. RF data transmission
can require a receiver very near to the IMD to receive the
transmitted signal, or RF data transmission can communicate
over moderate distances, such as within 9 to 12 feet. Dis-
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tances less than 500 feet (152 meters) will be considered
herein to be within a short-range telemetry communication
range.

[0025] It is desirable to provide communications from an
IMD over a greater distance than a short-range telemetry
communication range. To accomplish this, a device con-
structed according to the principles of the present invention is
configured to communicate with a pervasive wireless com-
munication network. By establishing a communication link
with a pervasive wireless communication network, longer
range communications are enabled. Generally, a pervasive
wireless communication network is a communications net-
work that can be used to directly communicate with a host
computer without the need for a repeater device. A pervasive
network includes those networks that are sufficiently preva-
lent or dispersed that an average person in the U.S. would be
within range of interfacing with the network at some point
during a normal daily routine. A pervasive wireless network
typically has a relatively broad effective geographic span.
There are many different usable pervasive wireless commu-
nication networks. One example is a wireless telephone net-
work, such as a cellular telephone network. Other example
embodiments of a pervasive wireless communication net-
work include a wireless pager network, wireless wide area
networks (WAN) such as those installed in certain public
places like coffee shops, airports, schools, or municipalities,
and wireless local area networks (LAN) including those fol-
lowing the standards set forth by the Institute for Electrical
and Electronic Engineers (IEEE) in Standards 802.11(b) and
@

[0026] An IMD configured to communicate over a perva-
sive wireless network may be further configured to also com-
municate over a RF transmission link within a short-range
telemetry communication range. There may be certain advan-
tages to communicating over a short-range RF transmission
communication link when one is available. For example, a
short-range RF transmission communication is typically
more reliable, more secure, and consumes less power. A
short-range RF link is provided for communicating between
the IMD and an external local device configured to receive
short-range RF transmissions, such as the patient monitor
device mentioned above.

[0027] One of the concerns with enabling communication
from an IMD over a pervasive wireless communications net-
work, such as a cellular telephone network, is the drain on the
battery of the IMD. A typical cell phone chipset consumes a
few Watts of power when transmitting. Some common medi-
cal device batteries such as Li/MnO, and Li/SVO batteries
can deliver these power levels, but they typically only contain
enough energy to operate at these power levels for a few hours
of cumulative time, even when not accounting for the power
drain of other circuitry in the IMD. Some common medical
device batteries that have been engineered for long life, such
as Li-(CF), batteries, are not capable of these power levels in
the sizes typically used in medical devices.

[0028] To address this power concern, one embodiment of
an IMD incorporates a secondary rechargeable battery to
power the communications over the pervasive wireless net-
work in addition to a primary battery. In this embodiment, the
secondary rechargeable battery supports only the communi-
cations over the pervasive wireless network, while the pri-
mary battery supports the other components of the IMD,
including the short-range RF communications capabilities.
The critical device functionality of the IMD, such as provid-
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ing therapy to a patient, is therefore not compromised even if
the rechargeable battery runs down. Patient compliance con-
cerns are therefore mitigated because only the communica-
tions capabilities over the pervasive wireless network will be
compromised by the patient failing to re-charge their IMD
rechargeable battery.

[0029] In addition, an IMD according to the present inven-
tion provides at least two separate transmission paths. In one
embodiment, a first communications unit with a first trans-
mitter is powered by the primary, non-rechargeable battery
and facilitates short-range communication with an external
local transceiver that is located within a short-range telemetry
communication range of the IMD. This first communications
unit 1s used for routine monitoring communications with a
host computer, as well as for emergency communications
when necessary. This first communications unit is optimized
for low power operation. Where possible, hard circuitry is
provided to process the data instead of general purpose pro-
cessors as will be discussed further herein. The use of hard
circuitry results in a less flexible architecture than if general
purpose processors were used for all data handling in the first
communications unit. However, the use of hard circuitry
where possible minimizes the power needs of the first com-
munication unit.

[0030] A second communications unit with a transmitter/
receiver unit is used for communications with a pervasive
wireless network, such as a cell phone network. The second
communications unit includes a transceiver for communica-
tion with a pervasive wireless network. The second commu-
nications unit is only provided with power when it has been
determined that a communication should occur using the
second communication unit. A third communications unit is
also provided that is capable of inductive communications, in
some embodiments, as will be discussed in further detail
herein.

[0031] Insome IMD systems described in past patent pub-
lications, a single transceiver was described as accomplishing
both short-range RF telemetry communications and commu-
nications with a cellular phone network. While such a system
is flexible and may minimize the number of components
within the IMD, it has the disadvantage that a relatively
power-hungry transceiver and associated chipset is used for
even short-range RF communications.

[0032] Anexample embodiment of an implantable medical
device 12 implanted in a patient 10 and including a housing
11 is depicted in FIG. 1. In some examples, the implantable
medical device 12 also includes an antenna 13 for facilitating
wireless communications with a host computer outside of the
patient’s body 10. The implantable medical device according
to the present invention can be any number of devices includ-
ing those that provide cardiac rhythm management, physi-
ological monitoring, drug delivery, and/or neuromuscular
stimulation. Exemplary implantable cardiac rhythm manage-
ment devices include pacemakers, cardioverter/defibrillators,
and cardiac resynchronization therapy devices. While various
aspects of the present invention can be applied to a number of
medical devices, for discussion purposes the medical device
12 is illustrated and described as a cardiac pacemaker. In one
embodiment, the IMD 12 is configured to provide cardiac
rhythm management and, as such, is configured with leads 14.
Leads 14 contact cardiac tissue at electrode 16. The IMD 12
also includes a sensor 17 capable of measuring a body char-
acteristic and generating a data signal that is representative or
descriptive of the measurement taken. In one example, IMD
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12 includes a sensor 17 that generates a cardiac activity sig-
nal. In another embodiment, the sensor 17 is an impedance
sensor capable of determining a patient’s respiration activity.
Many other sensors 17 are usable and are known in the art. In
some embodiments, IMD 12 is a therapy device that deter-
mines an appropriate electrical pulse therapy in response to a
condition detected by sensor 17 and delivers the appropriate
electrical pulse therapy to two or more implanted electrodes
16.

[0033] Data from sensor 17 is processed to determine a
characteristic of the data. In some cases, when the data from
sensor 17 is processed, it is determined that an abnormal or
even dangerous situation exists. In one embodiment, this data
signal is analyzed to reveal a medically significant event that
merits that the patient receives immediate medical attention.
For example, if the data signal from the IMD indicates the
presence of a myocardial infarction or an upcoming de-com-
pensation incident, this situation is identified as a significant
medical event and the patient should seek immediate medical
attention. Another medically significant event that is identi-
fied in one embodiment is the delivery of a defibrillation
shock to the patient. Delivery of multiple shocks is a medi-
cally significant event in one embodiment. Sometimes the
medically significant event merits seeing a physician within
24 hours.

[0034] In one embodiment, a processor of the IMD is fur-
ther configured to identify a significant device event that
threatens correct operation of the implantable medical device.
Examples of a significant device event include a system fault,
a significant change in impedance of implanted leads, and
failure of a self-test. A significant change in impedance of
implanted leads is a change that corresponds to a lead fracture
or acrack or breakdown of insulation for a particular configu-
ration of the implantable medical device.

[0035] Further examples of a significant device event
include an end of life battery state or the device being in a
non-therapy mode. Devices are sometimes purposely placed
in a non-therapy mode because of the patient’s medical pro-
cedures. For example, if a patient with an implanted cardiac
re-synchronization device undergoes surgery where electro-
cautery will be used, the device is placed in a non-therapy
mode so that the electricity of the electrocautery is not mis-
interpreted by the device to be cardiac signals, possibly caus-
ing unnecessary therapy. There are other examples of medical
procedures that warrant placing an IMD in non-therapy
mode. Tt is possible for an IMD to accidentally remain in
non-therapy mode after the medical procedure. While in non-
therapy mode after the medical procedure, the device cannot
assist a patient who is experiencing a significant medical
event.

[0036] Significant medical events and significant device
events are two examples of significant events that warrant
attention to the situation for the well-being of the patient.
[0037] FIG. 2 illustrates one example of an IMD with
power management features. The IMD is provided with two
separate power sources to provide power to three separate
communication units. In the embodiment of FIG. 2 the first
communication unit is optimized for low power communica-
tions within a short-range telemetry communication range,
and a separate second communication unit is provided for
communication over a pervasive wireless network such as a
cell phone network. In addition, a third communication unit is
provided for near-field RF, or inductive, communications. In
FIG. 2, solid lines show control and communications connec-
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tions between the components, while dashed lines indicate
power connections. A first non-rechargeable power source 20
is provided that is configured to power a first communication
unit 34 and other IMD components, including processor 38,
therapy circuitry 32 which includes cardiac sensor circuitry
17, anantenna switch 37, data handling logic 39, and memory
41.

[0038] Inoneembodiment, the first communication unit 34
is a short-range RF transmission communication unit and
includes a short-range RF transmitter 35. In some embodi-
ments, the first communication unit also includes a short-
range RF receiver 36. In some embodiments, the transmitter
and receiver are combined in a short-range RF transceiver. In
some embodiments, the first communication unit 34 is an
inductive communications unit. In other embodiments, the
first communications unit uses an acoustic or ultrasonic link
to communicate with another device, which is either
implanted in the patient’s body or in contact with the patient’s
skin. The other device may serve as a repeater for the com-
munications from the first communications link. Examples of
apparatuses and methods for ultrasonic wireless communica-
tion with an implanted medical device are described in U.S.
Published Patent Application = 2006/0009818, titled
METHOD AND APPARATUS OF ACOUSTIC COMMU-
NICATION FOR IMPLANTABLE MEDICAL DEVICE,
which is hereby incorporated herein in its entirety for any
purpose.

[0039] Inoneembodiment, the IMD includes an additional
sensor 46 that measures a body characteristic and generates a
data signal representing the body characteristic. The IMD
components illustrated in FIG. 2 are not exhaustive, and the
use of many other components is possible.

[0040] The first communication unit 34 is specially struc-
tured to conserve power during communications to an exter-
nal local transceiver that is within a short-range telemetry
communication range. The term short-range telemetry com-
munication range refers to 500 feet (152 meters) or less. In
some short-range telemetry communication systems, the
range is 20 feet (6 meters) or less. For inductive transceivers,
the telemetry range is about 0.5 to 6 inches (1 to 15 centime-
ters).

[0041] The first communication unit 34 receives informa-
tion from either the sensor 17 or the processor 38 or both. A
first wireless transmitter 35 of the first communication unit 34
handles the task of transmitting this data to an external local
receiver or transceiver. In some embodiments, a first wireless
receiver 36 receives data from an external local transmitter,
such as confirmation of transmission and programming infor-
mation to alter how the IMD functions. In other embodi-
ments, the first communication unit 34 does not have a
receiver. In yet other embodiments, the transmitter and
receiver functions are served by a combined transceiver com-
ponent within the first communications unit 34.

[0042] The first communication unit 34 is particularly
designed to conserve power. In some embodiments, the first
communication unit uses power-on protocols as described in
U.S. Pat. No. 6,985,773, which is hereby incorporated by
reference in its entirety. Other examples of power saving
methods and wake-up protocols are described in U.S. Pub-
lished Application Nos. 2005-0288738, 2005-0027329, and
2005-0240245, which are incorporated herein by reference in
their entirety. Wake-up protocols may also be sued with
respect to the second communication unit.
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[0043] 1In addition, the components of the wireless trans-
mitter and receiver are selected to minimize power use. For
example, analog components, tailored digital components
and hard-wired digital components are selected where pos-
sible in place of more general purpose, more power hungry
digital processors. Aspects of the transmission and reception
tasks are handled by different components of the first com-
munication unit that can be referred to as layers.

[0044] Physical layer circuitry decodes the data being
received and encodes the data being transmitted, determining
if each data bit is a one or a zero. This physical layer circuitry
is made of analog circuitry and hard-wired digital compo-
nents in one embodiment, rather than utilizing a general pur-
pose processor, in order to minimize the power use of the
physicallayer. The digital components are tailored to perform
a specific logic task, so that they can operate as efficiently as
possible for their purpose.

[0045] The physical layer provides the decoded data to the
data link layer when receiving, and encodes data from the data
link layer when transmitting. The data link layer checks the
data for errors and assembles bits into frames for transmis-
sion, or disassembles frames into bits for reception. In one
embodiment, the data link layer includes a more versatile
processor, but also includes digital hard-wired components
that handle some aspects of the data checking. Because the
data link layer does not rely exclusively on the function of a
processor and because the physical layer uses some analog
components, the power use of the transmitter/receiver unit is
minimized.

[0046] Next, the data is provided by the data link layer to
the network layer. Here the frames of data are assembled into
appropriate packets for transmission, or packets are disas-
sembled into frames of data upon reception. This function is
carried out by a processor. The network layer also adds
addresses of a destination to packets to be transmitted.
[0047] Referring again to FIG. 2, second rechargeable
power source 40 is provided that is configured to power a
second communications unit 42, where the second commu-
nications unit 42 includes a transceiver and chipset 43 that
provides for communications over a pervasive wireless com-
munication network. For example, where communication
over a cellular telephone network is desired, a cellular tele-
phone chipset is included in the second communication unit.
[0048] A recharging circuit 44 and recharging transducer
45 are also provided to recharge second rechargeable power
source 40. Recharging transducer 45 utilizes one of any of a
number of known techniques for getting energy into a battery
in an implantable medical device, such as inductive charging.
Inductive charging techniques are taught, for example, in
U.S. Pat. No. 6,553,263, which is hereby incorporated herein
by reference in its entirety for any purpose. Alternatively, the
rechargeable battery may be recharged by acoustic or ultra-
sonic charging. Ultrasonic charging systems for implantable
medical devices are described in U.S. Pat. No. 7,283,874,
owned by Boston Scientific Corporation, St. Paul, Minn., and
which is hereby incorporated herein by reference in its
entirety for any purpose.

[0049] In one embodiment, no power is provided to the
second communication unit 42 unless the processor 38 deter-
mines that a communication will be made over the pervasive
wireless network. During a communication over the perva-
sive wireless network, the second communication unit 42 is
powered on for enough time to negotiate the communication
link, up-load the relevant event information, and receive con-
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firmation that it was received. The duration of the use of the
second communications unit during such a communication is
likely to be only a 10-60 seconds in many situations, or 10 to
30 seconds.

[0050] Inoneembodiment, no power is provided to the first
communication unit 34 unless the processor 38 determines
that a communication over the low power first communica-
tion unit will be made. In one embodiment, no power is
provided to either communication unit until a specific telem-
etry link is about to be used.

[0051] The first communication unit 34 includes a wireless
transmitter and a receiver, in one embodiment, capable of
establishing a first communications link from the IMD to an
external local transceiver by way of an RF signal. The exter-
nal local transceiver is generally in signal communication
with a host computer, and in some cases the external trans-
ceiver and the host computer may be housed in the same
component. Thereby, when the first communication unit 34 is
within a short-range RF telemetry communication range of
the local transceiver, clinical data stored in the IMD may be
transmitted to the host computer using the first communica-
tions link.

[0052] An IMD embodiment further includes an inductive
communications link. FIG. 2 shows an example embodiment
of the components of an IMD having an inductive communi-
cation link. The inductive communications link is provided
by way of a third communication unit 80 that includes an
inductive transceiver 82 for transmitting and/or receiving
inductive communications.

[0053] An inductive communication link between an IMD
and a computer is shown in FIG. 4. As discussed above, an
inductive communication link is generally accomplished by
placing a wand 90 over the patient’s chest in a location that is
proximate to the implantable medical device 12. The wand is
in signal communication with a computing device 92. This
signal communication may be wired or may be wireless. An
inductive link is established between the IMD 12 and the
wand 90, and the signal received at the wand 90 is then
transmitted to the computing device 92.

[0054] This communication arrangement has the advan-
tages of high security, because the signal from the IMD is too
weak to be detected at more than a very short distance from
the IMD. For example, in some embodiments an inductive
communication link can be used for authentication and
encryption key exchange prior to initiating a RF communi-
cation link. U.S. Pat. No. 7,228,182 describes cryptographic
systems using an inductive link, and is hereby incorporated by
reference in its entirety for any purpose. Moreover, there are
certain countries where short-range RF communication links
are not allowed or are limited based on that country’s regula-
tion of the electromagnetic spectrum. An inductive commu-
nication link allows communications to occur in such a situ-
ation.

[0055] Another benefit of having an inductive communica-
tion link capability available in an IMD is that it allows for
another mode of communication with the IMD device if the
other communication links are not available. For example, if
in-band RF interferers are present, the inductive communica-
tion link could enable communications to occur. An inductive
communication link also tends to consume relatively little
electrical energy, and as such, can generally be powered from
aprimary battery, such as first non-rechargeable power source
20.
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[0056] In one embodiment of an IMD, the IMD does not
include short-range RF communications, such as RF commu-
nications for use with a patient monitor device placed in the
patient’s home. Instead, the IMD is configured with an induc-
tive communication link, which is an inductive communica-
tion link, along with a pervasive wireless communications
network link. In this arrangement, a patient with an IMD
would not need to have a home-based patient monitoring
device, thereby saving the cost of such a device. Emergency
communications could occur over the pervasive wireless
communication network as necessary, and routine communi-
cations could either occur over the pervasive wireless net-
work or over the low-power RF or inductive communications
links based on the availability of each.

[0057] A variety of data transmission protocols may be
utilized to transmit data to and from an IMD over a pervasive
wireless communication network. For example, General
Packet Radio Service (GPRS), may be used, which is a global
standard used, for example, by Blackberry devices. It is part
of the Global System for Mobile Communications (GSM)
standard. This can provide data rates of about 40 KBPS.
Another option is Enhanced Data rates for GSM Evolution
(EDGE) or Enhanced GRPS (EGPRS). Date rates of about
230 KBPS can be obtained by way of these protocols. Future
communication protocols include Wideband Code Division
Multiple Access (WCDMA), which may be able to support
connections of several MBPS. In terms of operating frequen-
cies, many GSM networks operate in the 900 MHz or 1800
MHz bands, and in the Americas they typically operate in the
850 MHz and 1900 MHz bands. Some implantable medical
devices presently on the market have telemetry systems that
operate at frequencies near these bands, such as at 870 MHz
or at 914 MHz. It is possible to use the 1800 MHz and 1900
MHz band for medical telemetry, although tissue loss would
be 4 to 5 dB higher at those frequencies.

[0058] In one embodiment, both the first communication
unit 34 and the low power second communication unit 42
share the same antenna 13. Efficient bio-compatible and bio-
conformal antennas take up volume within or around the
IMD, so this feature helps the IMD to minimize overall vol-
ume.

[0059] In one embodiment, the antenna is a broad-band,
single mode antenna that has a bandwidth wide enough to
cover both the frequency of the second communication unit,
such as a cell-phone data connection, and the frequency ofthe
low-power first communication link, such as an RF telemetry
link. Such an antenna can efficiently cover both the 900 MHz
ISM band and the 850 MHz GSM band because they are so
close in frequency. Exemplary broad-band, single mode
antennas are taught in commonly owned U.S. Pat. Nos. 6,456,
256, 6,614,406, 6,809,701, which are incorporated herein by
reference in their entirety for any purpose.

[0060] In one embodiment, a single band antenna is con-
figured to receive and transmit electromagnetic radiation at
frequencies from 800 MHz to 950 MHz. In a particular
embodiment, the device is configured to receive and transmit
electromagnetic radiation at frequencies from 900 MHz to
950 MHz for the short-range radio frequency link, and to
receive and transmit at frequencies from 800 MHz to 900
MHz for the second communication link with the pervasive
wireless communication network An example embodiment
of a broad-band single mode antenna is depicted in FIG. 6.
The depicted antenna is a circumferential antenna 100 that is
suitable for radiating and receiving far-field electromagnetic
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radiation. The device housing 102 is metallic. One or more
therapy leads 104 are connected to the circuitry contained
within the housing by means of a header 106. The header 106
is a solid block structure made from a synthetic polymer that
has feed-throughs therein for routing electrical connectors
between the therapy leads 104 and the internal circuitry. The
antenna compartment 108 is made of dielectric material and
extends from the header 106 to wrap circumferentially
around a curved portion of the device housing 102 with the
antenna 100 embedded therein. The antenna 100 may be
constructed of metal wire such as an alloy made of approxi-
mately 90% platinum and 10% iridium. Such a material is
commonly used for feed-throughs of therapeutic leads and is
both mechanically strong and biocompatible. This means that
no welding or other means of attachment is required for
attaching the antenna to the device and the antenna can be
routed from the transmitting and receiving circuitry within
the housing through the feed-through to the dielectric com-
partment with no interposing connections required. An alter-
native antenna and feed-through material is niobium, which
has a slightly lower resistivity than the 90% platinum and
10% iridium alloy. In the embodiment shown in FIG. 6, the
wire antenna 100 has a proximal end 100a that exits the
device housing through a feed-through and begins its radiat-
ing length around the edge of the device, terminating at the
distal end 1004.

[0061] In a different embodiment, the antenna is a dual-
band antenna with two resonant modes. A dual-band antenna
can efficiently cover both the 900 MHz ISM band and the
1900 MHz GSM band. Exemplary dual-band antennas are
taught in commonly owned U.S. Pat. No. 7,047,076.

[0062] In one embodiment of a dual band antenna, the
antenna is configured to receive and transmit electromagnetic
radiation at a first mode having frequencies from 800 MHz to
950 MHz and at a second mode having frequencies from 1700
MHz to 2000 MHz. In a particular embodiment, the antenna
is configured to receive and transmit electromagnetic radia-
tion at frequencies in the first mode from 900 MHz to 950
MHz for the short-range radio frequency link. The antenna
handles the second communication link with the pervasive
wireless communication network either the first mode at 800
MHz to 900 MHz or the second mode at 1700 MHz to 2000
MHz.

[0063] An example embodiment of a dual band antenna
110 is depicted in FIG. 7. Antenna 110 is an inverted-f
antenna with a transmitting length 112 extending along a side
114 o0fbody 116. Antenna 110 further includes a feed line 118
that passes through a feed-through 120 where it is electrically
coupled to electronic circuitry within the housing 122. A
cutout section 142 is provided to illustrate the connection
between antenna 110 and housing 122. Further, the antenna
110 includes a shunt arm 124 that extends along a side 126 of
the header 128 and that is electrically coupled to a conductive
portion of the header 128 by a connector leg 130. A side 132
of the header 128 continues beyond the antenna 110.

[0064] While the feed-through 120 is shown in FIG. 7 as
being in the header 128, in other cases, the feed-through 120
can be in an antenna radome outside of the header or some
other portion of body 116. Further, in various embodiments
the connector leg 130 can be electrically coupled at an elec-
trically conductive portion of the header 128 or the body 1186,
depending upon the desired attachment location of the
antenna 110. In some cases, the antenna 110 is constructed of
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one or more materials including, but not limited to, platinum,
iridium, stainless steel, or combinations thereof such as plati-
num-iridium.

[0065] Antenna 110 may include special deployment pro-
cedures to limit the possibility of breaking or deforming the
antenna 110. As shown in FIG. 7, antenna 110 is disposed
within a dielectric housing 134 (also referred to as a dielectric
compartment). The dielectric housing 134 can be formed of a
dielectric material coating the antenna 110 in such a way that
the transmitting length 112 is isolated a distance from the
housing 122, and the antenna 110 is isolated from environ-
mental conditions into which the medical device 136 is
implanted or deployed. The dielectric housing 134 can be
formed of any type of dielectric material, and where the
medical device 136 is to be implanted in a human body,
choice of the dielectric material may include biocompatibility
considerations. Some examples of dielectric materials
include polymers such as parylene, ecothane, tecothane, ther-
moplastic  urethane, polytetrafluooethylene  (PTFE),
expanded polytetraflucoethylene (ETFE), and/or polythere-
therketone (PEEK).

[0066] Inembodiments where the medical device 100 is to
be implanted in a patient, it may be desirable for medical
device 100 to be as small as possible. This limited size may
constrain the carrier frequencies that can be used if a quarter-
wavelength monopole or half-wavelength dipole antenna is to
be embedded with the device. Further, sharp edges may need
to be avoided for patient comfort. Thus, for example, edges
138, 140 of dielectric housing 134 may be rounded, and/or
brought into conformity with edges of housing 122 such that
protrusions are avoided.

[0067] An example embodiment of a multimode fractal
antenna 300 is depicted in FIG. 8. This fractal antenna is
described in detail in U.S. Patent Application No. 2007-
0100385, which is incorporated herein in its entirety for any
purpose.

[0068] In a preferred embodiment the fractal antenna is
designed with a pattern such that its intrinsic impedance
closely matches the RF circuitry in the implantable housing.
This example minimizes the need for dynamically adjustable
impedance matching circuitry as part of the implantable
device, and the resulting device is simpler, more inexpensive
and more reliable. In another preferred embodiment the frac-
tal antenna is designed to have at least two transmission
bands, such as at 400-450 MHz and 862-928 MHz, and not
requiring a separate matching circuit for either band. In
another preferred embodiment, the fractal antenna has a
single signal feed point to obtain both of the two preferred
transmission bands.

[0069] Fractal antennas typically have multiple resonant
paths as a function of the repeating nature of the pattern, and
thus are broadband radiators with multiple efficient transmis-
sion bands, while still being very compact and omni-direc-
tional. The small size is a function of the fractal pattern filling
in the empty areas of the pattern with smaller sized copies of
the larger pattern, thus having a space filling property that
results in long antenna lengths in a small space or volume. In
general, for agiven surface area, the length of the antenna that
can be placed in the given surface area improves at an expo-
nential rate for each iteration of fractal pattern reduction,
resulting in better antenna performance.

[0070] FIG. 8 illustrates how four small patterns may be
placed to form the larger pattern 302 of the fractal antenna.
This illustration shows how a repeating pattern on different
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scales may be used to form a fractal pattern, in which a series
of different scale views of the pattern each reveal the same
basic underlying structure. Such repeating patterns are how a
fractal antenna may possess many resonance wavelengths.

[0071] Referring again to the embodiment of FIG. 2, the
first communication unit 34 has a matching network 47 and
the second communication unit 42 has a matching network
48. Both matching networks 47, 48 are connected to the
antenna switch 37. The antenna switch 37 switches the
antenna between the two communication units as controlled
by the processor 38. The provision of separate matching
networks allows optimal matching of each of the two com-
munication units 34, 42. It is also possible for the first and
second communication unit to share a single matching net-
work. In this embodiment, the transmittet/receiver unit and
the transceiver are optimized to have similar output imped-
ances. Where differential output is present, the matching net-
works 47, 48 may include balans for differential to single
ended conversion.

[0072] An example embodiment of a communication net-
work that includes an IMD is depicted in FIG. 3. In the
embodiment of FIG. 3, an IMD 12 is implanted in a patient 10
and is configured to communicate over a pervasive wireless
communication network 54. An IMD configured in this way
includes at least one communication unit that is configured to
transmit, and in some cases receive, wireless signals. A per-
vasive wireless communication network generally includes a
network of antennas and transceivers across a geographic
area, such as an antenna 56 configured to receive signals 58
transmitted from IMD 12. Signals received at antenna 56 are
generally transmitted over a network 57 to a remote computer
59. Network 57 may comprise any of a number of communi-
cation networks, such as wireless or wired communication
networks such as the internet. Remote computer 59 may
comprise any of a number of computing devices, including
servers, personal computers, or special purpose computers.
Various additional aspects of the configuration and structure
of a pervasive wireless network and communications with an
IMD are disclosed in Published U.S. Patent Application
2004/0122489, which is incorporated herein in its entirety for
any purpose.

[0073] Inthe embodiment of FIG. 2, the IMD includes both
the capability of communicating over a short-range RF com-
munication link (by way of first communication unit 34) and
over a pervasive wireless communication link (by way of
second communication unit 42). In one embodiment, the
short-range RF communication link is utilized for any com-
munications, whether routine or emergency in nature, when
the short-range RF communication link is available, such as
when the patient is located within range of a patient manage-
ment device. For example, as depicted in FIG. 5, when a
patient 10 is within the patient’s home and within sufficient
proximity to a patient management device 60, then RF signals
61 can be transmitted from the IMD 12 to the patient man-
agement device 60. The RF signals 61 are received by an
antenna 62 of the patient management device 60, which also
includes a patient interface 63. The patient interface 63
includes display screen 64 for displaying information and
requesting input from the patient. The patient may provide
input via patient input devices 66 or a touch sensitive screen.
Exemplary patient management devices 60 include, but are
not limited to, the LATTTUDE® patient management system,
the Model 2920 Programmer, and the Model 3120 Program-
mer, each available from Boston Scientific Corporation, Nat-
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ick, Mass. Patient management device 60 is also capable of
communicating with a remote computer 68 (also called a
remote station 70) through telecommunications, such as over
aconventional phone line 70, through cellular phone commu-
nications, or any other wired or wireless form of communi-
cation.

[0074] Some embodiments of the patient management
device 60 do not include a patient interface or display screen.
In these embodiments, the patient management device can
behave purely as a repeater device, and thereby lower cost.

[0075] Ifemergency communications are necessary and the
short-range RF communication link is not available, such as
because the patient is out of range of the patient management
device, then the link to the pervasive wireless communication
network is used. For example, as seen in FIG. 3, the patient 10
is located away from home and so an emergency transmission
is made from IMD 12 to antenna 56 of a pervasive wireless
communication network. In another embodiment, the link to
the pervasive wireless communication network is also used
for routine monitoring communications when the short-range
RF link is not available for a certain period of time. For
example, if the patient has not been within range of the patient
management device within 24 hours, then the pervasive wire-
less communication network will be utilized for routine
monitoring communications. Other time periods are usable.

[0076] Inanembodiment, an IMD is configured to commu-
nicate over the pervasive wireless communication network
for emergency communications such as to provide notifica-
tion of a significant medical event or a significant device
event.

[0077] The IMD could then utilize the pervasive wireless
communication link to make an emergency communication
of this information related to a significant medical event or a
significant device event. The emergency communication may
be transmitted to a remote computer or medical facility,
where the content of the communication may be used to
determine a response. In some cases, a remote computer may
determine that the patient’s life is at risk and take appropriate
actions to dispatch medical personnel to treat the patient. In
some other cases, a medical worker could receive the infor-
mation and determine an appropriate response, such as call-
ing the patient or the patient’s physician. For non-emergency
communications, the short-range RF link is generally uti-
lized. For example, routine device updates and data down-
loads would be conducted over the short-range RF link. How-
ever, if the IMD has notbeen within range for establishing the
short-range RF link for a certain defined period of time, such
as 48 hours, then in one embodiment the pervasive wireless
communication network link may be utilized.

[0078] In one embodiment, the link to the pervasive wire-
less communication network is utilized for non-emergency
communications so long as the second rechargeable power
source has at least a certain defined charge level. For example,
the IMD may be configured to make non-emergency commu-
nications over the pervasive wireless network so long as the
second rechargeable power source has at least 15 percent of
its initial charge. Other percentages are usable, such as if the
rechargeable power source has at least 25 percent, 10 percent,
or 5 percent of its initial charge. After this charge level is
reached, then non-emergency use of the pervasive wireless
communication network is avoided and the pervasive wire-
less communication network link is used only for emergency
communications.
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[0079] 1Ina further embodiment, if the rechargeable battery
is discharged to a point where it is not capable of supporting
a communication over a pervasive wireless network, and
there is a need to make an emergency communication but the
patient is not within range of the short-range RF communi-
cation link, then the first non-rechargeable battery may be
used to establish a communication link through the pervasive
wireless communication network. However, if the state of
charge of the first non-rechargeable battery is below a certain
pre-defined level, such as below 5 percent of its initial charge,
such that establishing a link with the pervasive wireless com-
munication network could cause insufficient energy to be
available to operate the primary functions of the IMD for a
sufficient period of time, such as the functions that provide
cardiac pacing and therapy, then the communication is not
made, in one embodiment. Other percentages are usable for
this threshold, such as if the primary power source has at least
7 percent, 3 percent, or 1 percent of its initial charge.

[0080] In one aspect of the operation of an IMD having a
pervasive wireless communication network link, it may be
possible to determine the location of the patient when an
emergency communication is transmitted. For example, if the
pervasive wireless communication network link utilizes the
cellular telephone network, it is possible for the cell phone
tower equipment to determine the approximate location from
which the communication signal is being transmitted by
determining the angle and orientation of arrival of the signal.
Other techniques are known in the art for determining the
location of the origin of a cell phone transmission. By deter-
mining the location of the patient, it may be possible for
emergency medical personnel to be dispatched to the patient’s
exact location in response to the emergency communication
from the IMD in order to provide potentially life-saving
medical treatment to the patient. For example, if the IMD
determines that the patient is experiencing or is about to
experience a heart attack, the IMD initiates an emergency
communication over the pervasive wireless communication
network, which upon receipt by emergency personnel, is used
to determine the patient’s location and to dispatch an ambu-
lance to treat the patient.

[0081] A typical emergency communication over the per-
vasive wireless communication network would be expected
to last about 10 seconds. The communication would only last
as long as is necessary to negotiate the communication,
upload the relevant information, and receive confirmation
that it was received. It is advantageous to make such a com-
munication as short as possible to minimize the amount of
power consumed. However, for a communication that lasts
about 10 seconds, it is estimated that if this communication
was powered by the primary (typically non-rechargeable)
IMD battery, it would reduce the operative life of the IMD
battery by about a few days. This is a generally relatively
small reduction in battery life given the multiple year pro-
jected life of the battery. Furthermore, power consumption
may held to a minimum by having the pervasive wireless
communication network capabilities powered up only when
an emergency communication is being made. The pervasive
wireless communication functions are generally not config-
ured to have a stand by mode, such as is common in non-
implanted devices for communicating with a pervasive wire-
less network, such as a cell phone, thereby further minimizing
the power requirements of the device.

[0082] It should be noted that, as used in this specification
and the appended claims, the singular forms “a,” “an,” and
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“the” include plural referents unless the content clearly dic-
tates otherwise. It should also be noted that the term “or” is
generally employed in its sense including “and/or” unless the
content clearly dictates otherwise.

[0083] Tt should also be noted that, as used in this specifi-
cation and the appended claims, the phrase “configured”
describes a system, apparatus, or other structure that is con-
structed or configured to perform a particular task or adopt a
particular configuration. The phrase “configured” canbe used
interchangeably with other similar phrases such as
“arranged” “arranged and configured” “constructed and
arranged” “constructed” “manufactured and arranged” and
the like.

[0084] All publications and patent applications in this
specification are indicative of the level of ordinary skill in the
art to which this invention pertains. All publications and
patent applications are herein incorporated by reference to the
same extent as if each individual publication or patent appli-
cation was specifically and individually indicated by refer-
ence.

[0085] This application is intended to cover adaptations or
variations of the present subject matter. It is to be understood
that the above description is intended to be illustrative, and
not restrictive. The scope of the present subject matter should
be determined with reference to the appended claims, along
with the full scope of equivalents to which such claims are
entitled.

What is claimed is:

1. An implantable medical device for use in a patient man-
agement system, said medical device comprising:

a sensor capable of measuring a body characteristic and

generating a data signal describing the measurement;

a processor configured to analyze the data signal and con-
figured to identify one or more significant events that
warrant attention for the well-being of a patient;

a first communications unit comprising a first wireless
transmitter/receiver capable of establishing a first com-
munications link with a host computer using an external
local transmitter/receiver unit, when said first wireless
transmitter/receiver unit is within a short-range telem-
etry communication range of said local transmitter/re-
ceiver unit, to deliver at least notification of the one or
more significant events to said host computer using said
first communications link; and

a second communications unit comprising a second wire-
less transmitter/receiver unit capable of establishing a
second communications link with said host computer
over a pervasive wireless communications network to
deliver at least notification of the one or more significant
events to said host computer over said second commu-
nications link

an antenna operatively connected to both the first and sec-
ond communications unit.

2. The device of claim 1 wherein the antenna is adual mode

antenna.

3. The device of claim 2 wherein the antenna is an
inverted-f antenna.

4. The device of claim 1 wherein the antenna is a single
mode antenna.

5. The device of claim 1 wherein the pervasive wireless
network is a wireless local area network or wireless wide area
network,

6. The device of claim 5 wherein the first communication
link is a short-range radio frequency link.
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7. The device of claim 6 wherein the antenna is a single
mode antenna.

8. The device of claim 7 wherein the antenna is configured
to receive and transmit electromagnetic radiation at frequen-
cies from 800 MHz to 950 MHz.

9. The device of claim 8 wherein the device is configured
to:

receive and transmit electromagnetic radiation at frequen-

cies from 900 MHz to 950 MHz for the short-range radio
frequency link;

receive and transmit electromagnetic radiation at frequen-

cies from 800 MHz to 900 MHz for the second commu-
nication link with the pervasive wireless communication
network.

10. The device of claim 6 wherein the antenna is a dual
mode antenna.

11. The device of claim 10 wherein the antenna is config-
ured to:

receive and transmit electromagnetic radiation at a first

mode having frequencies from 800 MHz to 950 MHz;
and

receive and transmit electromagnetic radiation at a second

mode having frequencies from 1700 MHz to 2000 MHz.

12. The device of claim 11 wherein the antenna is config-
ured to:

receive and transmit electromagnetic radiation at frequen-

cies in the first mode from 900 MHz to 950 MHz for the
short-range radio frequency link;

receive and transmit electromagnetic radiation for the sec-

ond communication link with the pervasive wireless
communication network in one of:

the first mode at 800 MHz to 900 MHz, and

the second mode at 1700 MHz to 2000 MHz.

13. The device of claim 1 further comprising:

a first matching network operatively connected to the first

communications unit and the antenna; and

a second matching network operatively connected to the

second communications unit and the antenna.

14. The device of claim 1 wherein the antenna is a fractal
antenna.

15. The device of claim 1 wherein the one or more signifi-
cant events comprise one or more significant medical events
that merit medical attention including any of a myocardial
infarction, cardiac signals indicating an upcoming de-com-
pensation incident, and delivery of a defibrillation shock by
the implantable medical device.

16. The device of claim 1 wherein the one or more signifi-
cant events comprise one or more significant device events
that threaten correct operation of the implantable medical
device including any of a system fault, a significant change in
impedance of implanted leads, an end-of-life battery state, a
reset of the device, the device being in non-therapy mode, and
failure of a self-test.
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17. A method of telemetry between an implantable medical
device used in a patient management system and a host com-
puter, comprising:

providing an implantable medical device comprising a sen-

sor and an antenna;

measuring a body characteristic using the sensor and gen-

erating a data signal that describes the measurement;
analyzing the data signal and identifying one or more sig-
nificant events that merit attention;
wirelessly transmitting over the antenna by a first commu-
nication unit from the implantable medical device to an
external local transmitter/receiver unit in the host com-
puter over a first communications link, when said
implantable medical device is within a short-range
telemetry communication range of said local transmit-
ter/receiver unit, to deliver at least notification of the one
or more significant events to said host computer using
said first communications link; and
when said implantable medical device is out of range of the
local transmitter/receiver unit, wirelessly transmitting
over the antenna notification of the one or more signifi-
cant events from the implantable medical device to the
host computer by a second communications unit over a
pervasive wireless communications network.
18. The method of claim 17 wherein wirelessly transmit-
ting over the pervasive wireless network comprises transmit-
ting over a wireless local area network or wireless wide area
network.
19. The method of claim 18 wherein wirelessly transmit-
ting over the first communication link comprises transmitting
over a short-range radio frequency link.
20. The method of claim 19 wherein wirelessly transmit-
ting over the first communication link comprises transmitting
at frequencies from 900 MHz to 950 MHz; and
wirelessly transmitting over the second communication
link comprises transmitting at frequencies from 800 to
900 MHz.

21. The method of claim 17 comprising:

receiving and transmitting electromagnetic radiation at a
first mode having frequencies from 800 MHz to 950
MHz; and

receiving and transmitting electromagnetic radiation at a
second mode having frequencies from 1700 MHz to
2000 MHz.

22. The method of claim 21 comprising:

receiving and transmitting electromagnetic radiation at fre-
quencies in the first mode from 900 MHz to 950 MHz for
the short-range radio frequency link;

receiving and transmitting electromagnetic radiation for

the second communication link with the pervasive wire-
less communication network in one of:

the first mode at 800 MHz to 900 MHz, and

the second mode at 1700 MHz to 2000 MHz.

sk * sk * sk
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