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(57) ABSTRACT

This disclosure describes techniques for configuring an IMD
into the exposure operating mode. Prior to a medical proce-
dure that generates a disruptive energy field, such as an MRI
scan, an electronic prescription is configured to indicate that
the IMD is authorized for the medical procedure that includes
adisruptive energy field. The electronic prescription includes
one or more designated bits within a storage element of the
IMD. When the patient in which the IMD is implanted arrives
for the medical procedure, a user (such as an MRI operator)
interacts with a telemetry device to determine whether the
electronic prescription is configured. Upon determining that
the electronic prescription is configured, the IMD transitions
into the exposure operating mode designed for operation in
the disruptive energy field. In this manner, the electronic
prescription confirms to the user that that the IMD has been
checked for suitability for operation during the medical pro-
cedure.
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IMPLANTABLE MEDICAL DEVICE WITH AN
ELECTRONIC PRESCRIPTION

This application claims the benefit of U.S. Provisional
Application No. 61/303,018, filed on Feb. 10, 2010, the con-
tent of which is incorporated herein by reference in its
entirety. This application is also related to the application
filed for Ser. No. 12/872,375, entitled “ELECTRONIC PRE-
SCRIPTION ACTIVATION DEVICE” and filed on the same
day as the current application.

TECHNICAL FIELD

This disclosure relates generally to implantable medical
devices and, in particular, to operation of an implantable
medical device when exposed to a disruptive energy field.

BACKGROUND

A wide variety of implantable medical devices (IMDs) that
deliver a therapy or monitor a physiologic condition of a
patient have been clinically implanted or proposed for clinical
implantation in patients. IMDs may deliver therapy or moni-
tor conditions with respect to a variety of organs, nerves,
muscles or tissues of the patients, such as the heart, brain,
stomach, spinal cord, pelvic floor, or the like. In some cases,
IMDs may deliver electrical stimulation therapy via one or
more electrodes, which may be included as part of one or
more elongated implantable medical leads.

For example, an implantable cardiac device, such as a
cardiac pacemaker or implantable cardioverter-defibrillator,
provides therapeutic stimulation to the heart by delivering
electrical therapy signals such as pulses or shocks for pacing,
cardioversion, or defibrillation via electrodes of one or more
implantable leads. As another example, a neurostimulator
may deliver electrical therapy signals, such as pulses, to a
spinal cord, brain, pelvic floor or the like, to alleviate pain or
treat symptoms of any of a number of neurological or other
diseases, such as epilepsy, gastroparesis, Alzheimer’s,
depression, obesity, incontinence and the like.

Exposure of the IMD to a disruptive energy field may result
in undesirable operation of the IMD. The IMD may be
exposed to the disruptive energy field for any of a number of
reasons. For example, one or more medical procedures may
need to be performed on the patient within which the IMD is
implanted. For example, the patient may need to have a mag-
netic resonance imaging (MRI) scan, computed tomography
(CT) scan, electrocautery, diathermy, radio frequency (RF)
ablation, lithotripsy, or other medical procedure that produces
a magnetic field, electromagnetic field, electric field or other
disruptive energy field.

The disruptive energy field may induce energy on one or
more of the implantable leads coupled to the IMD. The IMD
may inappropriately detect the induced energy on the leads as
physiological signals. Alternatively, or additionally, the
induced energy on the leads may result in the inability to
correctly detect physiological signals. In either case, detec-
tion of the induced energy on the leads as physiological
signals may result in the IMD delivering therapy when itisnot
desired or withholding therapy when it is desired. In other
instances, the induced energy on the leads may result in
stimulation or heating of the tissue and/or nerve site adjacent
to the electrodes of the leads. Such heating may compromise
pacing and sensing thresholds at the tissue site, which could
result in reduced therapy efficacy.

SUMMARY

This disclosure describes techniques for configuring an
implantable medical device (IMD) into an exposure operating
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mode. Priorto amedical procedure that generates a disruptive
energy field, such as an MRI scan, an electronic prescription
may be programmed into the IMD and an indicator is config-
ured to indicate that the IMD is programmed with an elec-
tronic prescription. The electronic prescription may be an
authorization for the medical procedure that includes a dis-
ruptive energy field as well as one or more operating param-
eters for use during the medical procedure.

The electronic prescription indicator includes one or more
designated bits within a storage element of the IMD. When
the patient in which the IMD is implanted arrives for the
medical procedure, a user (such as an MRI operator) interacts
with a telemetry device to determine whether the IMD is
programmed with an electronic prescription. For example,
the user may interrogate the IMD to determine whether the
electronic prescription indicator is configured. Upon deter-
mining that the electronic prescription indicator is configured
indicating that the IMD is programmed with an electronic
prescription, the IMD invokes the electronic prescription. For
example, the IMD may transition operation of the IMD into
the exposure operating mode designed for operation in the
disruptive energy field. In this manner, the electronic pre-
scription indicator confirms to the user that the IMD has been
checked for suitability for operation during the medical pro-
cedure that generates the disruptive energy field and has been
authorized for the medical procedure.

In one example, this disclosure is directed to a method of
configuring an implantable medical device for operation in an
environment with a disruptive energy field. The method com-
prises configuring an electronic prescription indicator to indi-
cate whether the implantable medical device is authorized for
amedical procedure that includes the disruptive energy field,
wherein the electronic prescription indicator includes one or
more designated bits within a storage element of the implant-
able medical device. The method also includes confirming
that the electronic prescription indicator of the implantable
medical device is configured and invoking an exposure oper-
ating mode defined by an electronic prescription that is
designed for operation in the disruptive energy field upon
confirming that the electronic prescription indicator is con-
figured.

In another example, this disclosure is directed to a medical
device system comprising an implantable medical device, a
first external device and a second external device. The
implantable medical device includes a telemetry module to
transmit and receive communications, an electronic prescrip-
tion indicator that indicates whether the implantable medical
device is authorized for a medical procedure that includes a
disruptive energy field, wherein the electronic prescription
indicator includes one or more designated bits within a stor-
age element of the implantable medical device, an electronic
prescription that defines operating parameters of an exposure
operating mode that is designed for operation in the disruptive
energy field, and a processor. The first external device that
communicates with the implantable medical device to cause
the processor to configure the electronic prescription indica-
tor to indicate that the implantable medical device is autho-
rized for a medical procedure that includes a disruptive
energy field. The second external device that communicates
with the implantable medical device to confirm that the elec-
tronic prescription indicator of the implantable medical
device is configured and invoke the electronic prescription
upon confirming that the electronic prescription indicator is
configured.

In a further example, this disclosure is directed to an
implantable medical device that includes at least one storage
element, an electronic prescription indicator that includes one
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or more designated bits within the at least one storage element
of the implantable medical device and an electronic prescrip-
tion stored within the at least one storage element of the
implantable medical device that defines one or more device
operating parameters of an exposure operating mode for use
in the disruptive energy field. The electronic prescription
indicator indicates whether the implantable medical device is
authorized for a medical procedure that includes a disruptive
energy field. The implantable medical device also includes a
transceiver that transmits and receives communications and a
processor that controls operation of the implantable medical
device. The processor configures the electronic prescription
indicator to indicate that the implantable medical device is
configured with the electronic prescription and causes the
transceiver to transmit a communication that includes a value
of the electronic prescription indicator in response to a com-
munication from an external device.

This summary is intended to provide an overview of the
subject matter described in this disclosure. It is not intended
to provide an exclusive or exhaustive explanation of the tech-
niques as described in detail within the accompanying draw-
ings and description below. Further details of one or more
examples are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages
will be apparent from the description and drawings, and from
the statements provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a conceptual diagram illustrating an environment
in which an implantable medical device is exposed to a dis-
ruptive energy field.

FIG. 2 is a conceptual diagram illustrating an example
implantable medical device that may be used to provide
therapy to patient.

FIG. 3 is a functional block diagram of an example con-
figuration of components of the implantable medical device
of FIG. 2.

FIG. 4 is a block diagram illustrating an example configu-
ration of components of a telemetry device used to invoke an
exposure operating mode of an IMD upon confirming that an
electronic prescription is set in the IMD.

FIG. 5 is a flow diagram illustrating an example operation
of atelemetry device configuring an electronic prescription of
an IMD.

FIG. 6 is a flow diagram illustrating an example operation
of atelemetry device invoking an exposure operating mode of
an IMD upon confirming that an electronic prescription is set
in the IMD.

FIG. 7 is a flow diagram illustrating an example operation
of an IMD in accordance with the techniques of this disclo-
sure.

DETAILED DESCRIPTION

FIG. 1 is a conceptual diagram illustrating a magnetic
resonance imaging (MRI) device 10, a patient 12 in which an
implantable medical device (IMD) 14 is implanted, and
telemetry devices 16 and 17 that communicate with IMD 14
in accordance with the techniques of this disclosure.
Although the techniques of this disclosure are described in
the context of MRI procedures, the techniques of this disclo-
sure may be used in conjunction with other medical or non-
medical procedures that include disruptive energy fields that
may interfere with operation of IMD 14.

MRI device 10 uses magnetic and radio frequency (RF)
fields to produce images of body structures for diagnosing
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injuries and/or disorders. For example, MRI device 10 may
generate a static magnetic field, gradient magnetic fields and/
or RF fields. The static magnetic field is a non-varying mag-
netic field that is typically always present around MRI device
10 whether or not an MRI scan is in progress. Gradient
magnetic fields are low-frequency pulsed magnetic fields that
are typically only present while the MRI scan is in progress.
RF fields are pulsed RF fields that are also typically only
present while the MRI scan is in progress. The magnitude,
frequency, timing or other characteristic of disruptive energy
field 18 may vary based on the type of MRI scanner producing
the field.

Some or all of the various types of fields produced by MRI
device 10 may interfere with operation of IMD 14. In other
words, one or more of the various types of fields produced by
MRI device 10 may make up disruptive energy field 18. For
example, the gradient magnetic fields and/or RF fields pro-
duced by MRI device 10 may induce energy on one or more
implantable leads of IMD 14 or on other components (e.g., a
housing) of IMD 14. The induced energy may be conducted to
the tissue of patient 12 resulting in heating of the tissue
adjacent to electrodes of the leads or adjacent to the housing
of IMD 14. Such heating may compromise pacing and sens-
ing thresholds at the tissue site, which could result in reduced
therapy efficacy. In some instances, IMD 14 may inappropri-
ately detect the induced energy on the leads as physiological
signals, which may in turn cause IMD 14 to deliver undesired
therapy or withhold desired therapy. In other instances, the
induced energy on the leads may result in IMD 14 not detect-
ing physiological signals that are actually present, which may
again result in IMD 14 delivering undesired therapy or with-
holding desired therapy.

To reduce the undesirable effects of disruptive energy field
18, IMD 14 is capable of operating in a mode that is less
susceptible to undesirable operation during exposure to dis-
ruptive energy field 18, referred to herein as the “exposure
mode” or “exposure operating mode.” In the case of an expo-
sure operating mode that specifically accounts for MR1 scans,
the mode may be referred to as an MR Conditional mode or an
MR Safe mode. Other exposure operating modes, however,
may specifically account for other disruptive energy fields
from different devices. IMD 14 may be configured from a
normal operating mode (e.g., the current operating mode) to
the exposure operating mode prior to being exposed or upon
being exposed to disruptive energy field 18.

Prior to having an MRI scan or other medical procedure,
IMD 14 may be analyzed to determine whether IMD 14 is
suitable for operation in disruptive energy field 18. In one
example, a first user, such as a cardiologist or electrophysi-
ologist, may interact with telemetry device 17 to determine
the suitability of IMD 14 for operation in disruptive energy
field 18 while patient 12 undergoes a medical procedure (e.g,,
an MRI scan or other procedure). In another example, the first
user may interact with telemetry device 17 remotely to ana-
lyze the suitability of IMD 14 for operation in disruptive
energy field 18. In a further example, suitability of IMD 14 for
operation in disruptive energy field 18 may be determined by
looking for a radio opaque mark on IMD 14 via x-ray.

In addition to determining the suitability of IMD 14 for the
MRI scan or other procedure, the first user may interact with
telemetry device 17 to program an electronic prescription into
IMD 14. The electronic prescription may be an authorization
for the medical procedure that includes a disruptive energy
field and/or one or more operating parameters for use during
the MRI scan or other procedure. In some instances, the
operating parameters of the exposure operating mode may be
pre-stored within IMD 14 or automatically determined by
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IMD 14 and stored as part of the electronic prescription. In
any case, upon determining that IMD 14 is suitable for opera-
tion in disruptive energy field 18 and/or programming one or
more operating parameters of the exposure operating mode
one or more designated bits within a storage element of IMD
14 are configured to indicate that IMD 14 is authorized for the
medical procedure that includes disruptive energy field 18.
The one or more designated bits that indicate that patient 12
and/or IMD 14 are authorized for the medical procedure are
referred to herein as an electronic prescription indicator. In
this manner, when the electronic prescription indicator is
configured, it indicates that IMD 14 is programmed with an
electronic prescription that authorizes patient 12 to undergo
the medical procedure that subjects IMD 14 to disruptive
energy field 18 and/or includes device operating parameters
for use during that procedure.

At some point after programming the electronic prescrip-
tion and configuring the electronic prescription indicator,
patient 12 may arrive for the medical procedure, e.g., MRI
scan. The MRI scan typically occurs at a different facility or
a different location within the same facility with different
medical personnel. The amount of time between configuring
the electronic prescription and patient 12 arriving for the
medical procedure may vary, and may be on the order of
minutes, hours, days, or weeks. When patient 12 arrives for
the medical procedure, a second user, e.g. an operator of MRI
device 10, may interact with telemetry device 16 to determine
whether the electronic prescription indicator is configured.
When the electronic prescription indicator is configured, the
second user knows that patient 12 has been authorized to
undergo the medical procedure that subjects IMD 14 to dis-
ruptive energy field 18 and/or that IMD 14 may include oper-
ating parameters for device operation during the procedure.
Thus, the one or more designated bits of the electronic pre-
scription indicator may function to indicate to the operator of
MRI device 10 or other personnel that IMD 14 has been
checked for suitability for operating during exposure to dis-
ruptive energy field 18 and is authorized for the procedure.

Upon determining that the electronic prescription is con-
figured, telemetry device 16 may cause IMD 14 to transition
into the exposure operating mode designed for operation in
disruptive energy field 18. Telemetry device 16 may, for
example, transmit one or more communications that invoke
the exposure operating mode. Telemetry device 16 may notify
the second user that IMD 14 is now operating in accordance
with the exposure operating mode. In other instances, IMD 14
may transition into the exposure operating mode automati-
cally in response to detecting disruptive energy field 18 or
other condition indicating the presence of MRI scanner 10.

The exposure operating mode is typically less susceptible
to undesirable operation in disruptive energy field 18 than the
normal operating mode. In other words, operating IMD 14 in
the exposure mode may reduce some or all of the adverse
effects caused by disruptive energy field 18. When operating
in the exposure operating mode, IMD 14 is configured to
operate with different functionality compared to the normal
operating mode. In some instances, IMD 14 may be config-
ured to operate with reduced functionality.

After exposure of IMD 20 to disruptive energy field 18, it
is desirable to reconfigure IMD 20 back to the normal oper-
ating mode, e.g., the operating mode prior to the exposure
operating mode or a default operating mode. This may be
especially desirable for IMDs for which sensing or therapy is
suspended during the exposure operating mode. In one
example, IMD 20 may be manually reconfigured into the
normal operating by a user (e.g., physician, technician or
other user) interacting with one of telemetry devices 16 or 17.
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In another example, IMD 20 may be automatically reconfig-
ured to the normal operating mode, e.g.. in response to expi-
ration of a timer, in response to no longer detecting disruptive
energy field 18 or other condition, or a combination of con-
ditions.

Telemetry devices 16 and 17 may communicate with IMD
14 via wireless communication using any techniques known
in the art. Examples of communication techniques may
include RF telemetry, but other techniques are also contem-
plated. In some instances, telemetry devices 16 and 17 and
IMD 14 may communicate in the 402-405 MHz frequency
band in accordance with the Medical Implant Communica-
tions Service (MICS) frequency band regulation. In other
instances, telemetry devices 16 and 17 and IMD 14 may
communicate in the 401-402 MHz or 405-406 MHz fre-
quency bands in accordance with the Medical External Data
Service (MEDS) band regulations, in the unlicensed indus-
trial, scientific and medical (ISM) band, or other regulated or
unregulated frequency band. Additionally, telemetry devices
16 and 17 may exchange communications with IMD 14 in
accordance with a communication protocol (proprietary or
non-proprietary) designed for communication with IMD 14.

One or both of telemetry devices 16 and 17 may be dedi-
cated hardware devices with dedicated software for commu-
nicating with and configuring IMD 14 as described above.
Alternatively, one or both of telemetry devices 16 and 17 may
be off-the-shelf computing devices (e.g., laptop, desktop, cell
phone, personal digital assistant (PDA), iPod, or other com-
puting device) running an application that enables telemetry
devices 16 and 17 to communicate with and configure IMD
14 as described above. One or both of telemetry devices 16
and 17 may, in some instances, include a programming head
that may be placed proximate to the patient’s body near the
implant site of IMD 14 in order to improve the quality or
security of communication with IMD 14. One or both of
telemetry devices 16 and 17 may include a user interface that
receives input from the user and/or displays data to the user.
Additionally, one or more of telemetry devices 16 and 17 may
be coupled to a remote computing device via one or more
wired or wireless networks, such as a local area network
(LAN), wide area network (WAN), or global network, such as
the Internet. In this manner, a user may remotely program the
electronic prescription and/or remotely activate the electronic
prescription remotely.

Telemetry device 16 may be designed to have very limited
functionality. For example, telemetry device 16 may only be
capable of interrogating IMD 14 to determine whether the
electronic prescription is configured and to cause IMD 14 to
enter an exposure operating mode. As such, telemetry device
16 may only be capable of reading and writing to a small
number of registers in the device. The limited functionality of
telemetry device 16 allows for development of a low cost
telemetry device. As will be described below in more detail,
telemetry device 16 may be as simple as a device with a
transceiver, an antenna, a small amount of memory, and a user
interface that includes one or two buttons and a light emitting
diode (LED). In other instances, however, telemetry device
16 may have additional functionality. Telemetry device 16
may be kept by the facility at which a medical procedure is
performed or given to a patient 12 at the time the electronic
prescription is set for a patient 12 to bring along for the
medical procedure.

Telemetry device 16 may be a stand-alone device. In some
instances, telemetry device 16 may be MRI labeled such that
it remains in the MRI suite during the MRI scan. Alterna-
tively, telemetry device 16 may be partially located within the
MRI suite. For example, an antenna of telemetry device 16
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may MRI labeled such that the antenna may be located within
the MRI suite while the electronic components of telemetry
device 16 are located outside of the MRI suite and electrically
connected to the antenna. In other instances, some or all of
telemetry device 16 may be integrated within MRI device 10.

IMD 14 is implanted within patient 12 to provide therapy to
or to monitor a physiological condition of patient 12. TMD 14
may be any of a variety of therapy devices. For example, IMD
14 may be a device that provides electrical stimulation
therapy via one or more implantable leads that include one or
more electrodes (not shown in FIG. 1). In some instances,
IMD 14 may be a device that provides electrical stimulation
therapy in the form of cardiac rhythm management therapy to
a heart of patient 12 via leads implanted within one or more
atria and/or ventricles of the heart. The cardiac rhythm man-
agement therapy delivered by IMD 14 may include pacing,
cardioversion, defibrillation and/or cardiac resynchroniza-
tion therapy (CRT). In other instances, IMD 14 may be a
device that provides electrical stimulation to a tissue site of
patient 12 proximate a muscle, organ or nerve, such as a tissue
proximate a vagus nerve, spinal cord, brain, stomach, pelvic
floor or the like.

In addition to providing electrical stimulation therapy,
IMD 14 may sense one or more physiological parameters of
patient 12. When one or more leads are implanted within the
heart of patient 12, for example, electrodes of the leads may
sense electrical signals attendant to the depolarization and
repolarization of the heart to monitor a rhythm of the heart or
detect particular heart conditions, e.g., tachycardia, bradycar-
dia, fibrillation or the like. IMD 14 may sense a variety of
other physiologic parameters or other parameters related to a
condition of patient 12, including, for example, neurologic
parameters, intracardiac or intravascular pressure, activity,
posture, pH of blood or other bodily fluids or the like.

In other instances, IMD 14 may be a device that delivers a
drug or therapeutic agent to patient 12 via a catheter. IMD 14
may deliver, e.g., using a pump, the drug or therapeutic agent
to a specific location of patient 12. IMD 14 may deliver the
drug or therapeutic agent at a constant or variable flow rate.
Drug pumps, infusion pump or drug delivery devices may be
used to treat symptoms of a number of different conditions.
For example, IMD 14 may deliver morphine or ziconotide to
reduce or eliminate pain, baclofen to reduce or eliminate
spasticity, chemotherapy to treat cancer, or any other drug or
therapeutic agent (including saline, vitamins, etc.) to treat any
other condition and/or symptom of a condition.

Although described in the context of MRI, the techniques
may be used to configure IMD 14 for exposure to sources of
disruptive energy fields present during other medical or non-
medical procedures, including a CT scan, electrocautery pro-
cedure, diathermy procedure, ablation procedure, radiation
therapy procedure, electrical therapy procedure, magnetic
therapy procedure or any other procedure with medical
devices that radiate energy to produce magnetic, electromag-
netic, electric fields or other disruptive energy fields.

FIG. 2 is a conceptual diagram illustrating an example
IMD 20 that may be used to provide therapy to patient 12.
IMD 20 includes a housing 22 and leads 24 and 26 that extend
from housing 22. IMD 20 may, for example, correspond to
IMD 14 of FIG. 1 or other IMD.

In the example illustrated in FIG. 2, IMD 20 is an implant-
able cardiac device that senses electrical activity of a heart 28
of patient 12 and/or provides electrical stimulation therapy to
heart 28 of patient 12. The electrical stimulation therapy to
heart 28, sometimes referred to as cardiac rhythm manage-
ment therapy, may include pacing, cardioversion, defibrilla-
tion and/or cardiac resynchronization therapy. The combina-
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tions of cardiac therapies provided may be dependent on a
condition of patient 12. In some instances, IMD 20 may
provide no therapy to patient 12, but instead provide only
sensing ofelectrical activity or other variable of heart 28, such
as in the case of an implantable loop recorder.

In the illustrated example, lead 24 is a right ventricular
(RV)lead that extends through one or more veins (not shown),
the superior vena cava (not shown), and right atrium 30, and
into right ventricle 32 of heart 28. Tead 24 includes electrodes
34 and 36 located along a distal end of lead 24. In the illus-
trated example, lead 26 is right atrial (RA) lead that extends
through one or more veins and the superior vena cava, and
into the right atrium 30 of heart 28. Lead 26 includes elec-
trodes 38 and 40 located along a distal end of lead 26.

Electrodes 34 and 38 may take the form of extendable helix
tip electrodes mounted retractably within an insulative elec-
trode head (not shown) of respective leads 24 and 26. Elec-
trodes 36 and 40 may take the form of ring electrodes. In other
embodiments, electrodes 34, 36, 38 and 40 may be other types
of electrodes. For example, electrodes 34, 36, 38 and 40 may
all be ring electrodes located along the distal end of the
associated lead 24 or 26. Additionally, either or both of leads
24 and 26 may include more than two electrodes or only a
single electrode.

Each of'the electrodes 34, 36, 38 and 40 may be electrically
coupled to a respective conductor within the body of its
associated lead 24 and 26. The respective conductors may
extend from the distal end of the lead to the proximal end of
the lead and couple to circuitry of IMD 20. For example, leads
24 and 26 may be electrically coupled to a stimulation mod-
ule, a sensing module, or other modules of IMD 20 via con-
nector block 42 of housing 22. In some examples, proximal
ends of leads 24 and 26 may include electrical contacts that
electrically couple to respective electrical contacts within
connector block 42. In addition, in some examples, leads 24
and 26 may be mechanically coupled to connector block 42
with the aid of set screws, connection pins or another suitable
mechanical coupling mechanism.

When IMD 20 is capable of delivering electrical stimula-
tion therapy, IMD 20 delivers the therapy (e.g., pacing pulses)
to heart 28 via any combination of electrodes 34, 36, 38 and
40 to cause depolarization of cardiac tissue of heart 28. For
example, IMD 20 may deliver bipolar pacing pulses to right
atrium 30 via electrodes 38 and 40 of lead 26 and/or may
deliver bipolar pacing pulses to right ventricle 32 via elec-
trodes 34 and 36 of lead 24. In another example, IMD 20 may
deliver unipolar pacing pulses to atrium 30 and ventricle 32
using housing 22 as an electrode in conjunction with one of
electrodes 34, 36, 38 and 40. The housing electrode may be
formed integrally with an outer surface of the hermetically-
sealed housing of IMD 20 or otherwise coupled to housing
22. In some examples, the housing electrode is defined by an
uninsulated portion of an outward facing portion of housing
22 of IMD 20.

Electrodes 34, 36, 38 and 40 may also sense electrical
signals attendant to the depolarization and repolarization of
heart 28. The electrical signals are conducted to IMD 20 via
one or more conductors of respective leads 24 and 26. IMD 20
may use any combinations of the electrodes 34, 36, 38. 40 or
the housing electrode for unipolar or bipolar sensing. As such,
the configurations of electrodes used by IMD 20 for sensing
and pacing may be unipolar or bipolar depending on the
application. IMD 20 may analyze the sensed signals to moni-
tor a rhythm of heart 28 or detect an arrhythmia of heart 28,
e.g., tachycardia, bradycardia, fibrillation or the like. In some
instances, IMD 20 provides pacing pulses (or other therapy)
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to heart 28 based on the cardiac signals sensed within heart
28. In other words, pacing may be responsive to the sensed
events.

As described above, exposure of IMD 20 to a disruptive
energy field 18 may result in undesirable operation. For
example, gradient magnetic or RF fields produced by MRI
device 10 may induce energy on one or more conductors of
respective ones of implantable leads 24 and 26 or on the
housing electrode. In some instances, the induced energy on
conductors of leads 24 or 26 or on components of IMD 20
results in heating of the tissue adjacent to electrodes 34, 36, 38
and 40 or housing 22 of IMD 20. Such heating may compro-
mise pacing and sensing thresholds at the tissue, which could
result in reduced therapy efficacy. In other instances, IMD 20
may inappropriately detect the induced energy on the con-
ductors of leads 24 or 26 as physiological signals, which may
in turn cause IMD 20 to deliver undesired therapy or withhold
desired therapy. In further instances, the induced energy on
the conductors of leads 24 or 26 may result in IMD 20 not
detecting physiological signals that are actually present,
which may again result in IMD 20 delivering undesired
therapy or withholding desired therapy.

Configuring IMD 20 into an exposure operating mode may
reduce the undesirable effects that may be caused by exposure
to disruptive energy field 18. As such, IMD 20 may be con-
figured to operate in the exposure operating mode using the
electronic prescription techniques described in this disclo-
sure. The exposure operating mode is typically less suscep-
tible to undesirable operation in disruptive energy field 18
than the normal operating mode. In other words, operating
IMD 20 in the exposure mode may reduce some or all of the
adverse effects caused by disruptive energy field 18. When
operating in the exposure operating mode, IMD 20 is config-
ured to operate with different functionality compared to the
normal operating mode. In some instances, IMD 20 may be
configured to operate with reduced functionality. In other
instances, IMD 20 may be configured to the same or increased
functionality.

For example, IMD 20 may operate in an exposure operat-
ing mode in which sensed signals (e.g., those caused by
energy induced on the leads) do not affect delivery of therapy.
If patient 12 is pacing dependent, for example, the exposure
mode of IMD 20 may correspond to an asynchronous pacing
mode with no sensing, e.g., AOO, VOO or DOO. In another
example, the exposure mode of IMD 20 may correspond to an
asynchronous pacing mode that includes sensing, but has no
mode of response to the pacing, e.g., such as a AAO, AVO,
ADO, VVO, VAO, VDO, DDO, DAO or DVO pacing mode.
In either of these cases, pacing is provided with no modifica-
tion due to sensing. As such, the induced energy on the leads
caused by disruptive energy field 18 does not result in unde-
sirable operation of IMD 20.

In another example, the exposure operating mode of IMD
20 may correspond to a sensing only mode, such as OAO,
OVO or ODO, in which no pacing is provided. Such modes
may only be used in cases in which patient 12 is not pacing
dependent. Because there is no pacing in these pacing modes,
such pacing modes may prevent IMD 20 from delivering
undesirable stimulation or withholding desirable stimulation
due to the induced energy on the leads.

The exposure mode may also suspend temporary operation
of other functionality of IMD 20, particularly those that may
function incorrectly when exposed to disruptive energy field
18. Some example functionality that may be suspended while
operating in the exposure mode include tachycardia detection
and therapy, fibrillation detection and therapy, impedance
measurements, battery measurements, P- and R-wave mea-
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surements. Additional functionality that may be suspended
while in the exposure mode includes collection of diagnostic
data.

In other instances, IMD 20 may be operating with approxi-
mately the same functionality or even increased functionality
in the exposure mode. For example, IMD 20 may use a
different sensor or algorithm to detect cardiac activity of the
heart of patient 12 during the exposure operating mode, such
as pressure sensor measurements rather than electrical activ-
ity of the heart as used in the normal operating mode. As
another example, IMD 20 may implement one or more filters
that filter out the undesirable signals during the exposure
operating mode that may not be implemented in the normal
operating mode. In a further example, IMD 20 may imple-
ment one or more shunts or traps during the exposure oper-
ating mode to redirect the energy away from the tissue adja-
cent to the electrodes.

IMD 20 illustrated in FIG. 2 is merely an example ofa type
of IMD within which the techniques of this disclosure may be
used. In other examples, IMD 20 may include more or fewer
leads. For example, IMD 20 may include three leads, e.g., a
third lead implanted within a left ventricle of heart 28. In
another example, IMD 20 may include only a single lead that
is implanted within either an atrium or ventricle of heart 28.
As such, IMD 20 may be used for single chamber or multi-
chamber cardiac rhythm management therapy.

In addition to more or fewer leads, each of the leads may
include more or fewer electrodes. In instances in which IMD
20 is used for therapy other than pacing, e.g., defibrillation or
cardioversion, the leads may include elongated electrodes,
which may, in some instances, take the form of a coil. IMD 20
may deliver defibrillation or cardioversion shocks to heart 28
via any combination of the elongated electrodes and housing
electrode. As another example, IMD 20 may include leads
with a plurality of ring electrodes, e.g., as used in some
implantable neurostimulators.

In still other examples, a medical system may include
epicardial leads and/or patch electrodes instead of or in addi-
tion to the transvenous leads 24 and 26 illustrated in FIG. 2.
Further, IMD 20 need not be implanted within patient 12. In
examples in which IMD 20 is not implanted in patient 12,
IMD 20 may deliver electrical stimulation therapy to heart 28
via percutaneous leads that extend through the skin of patient
12 to a variety of positions within or outside of heart 28.

The techniques of this disclosure are described in the con-
text of cardiac rhythm management therapy for purposes of
illustration. The techniques of this disclosure, however, may
be used to operate an IMD that provides other types of elec-
trical stimulation therapy. For example, the IMD may be a
device that provides electrical stimulation to a tissue site of
patient 12 proximate a muscle, organ or nerve, such as a tissue
proximate a vagus nerve, spinal cord, brain, stomach, pelvic
floor or the like. Moreover, the techniques may be used to
operate an IMD that provides other types of therapy, such as
drug delivery or infusion therapies. As such, description of
these techniques in the context of cardiac rhythm manage-
ment therapy should not be limiting of the techniques as
broadly described in this disclosure.

FIG. 3 is a block diagram illustrating IMD 20 in further
detail. IMD 20 includes a therapy module 50, sensing module
52, telemetry module 54, processor 56, memory 58, power
source 60, and disruptive field detector 62. The components
of IMD 20 may be interconnected by data bus 48, by one or
more direct electrical or non-electrical connections, or a com-
bination thereof. In accordance with the techniques of this
disclosure, IMD 20 further includes an electronic prescrip-
tion indicator 64. Electronic prescription indicator 64
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includes one or more designated bits that may be configured
to indicate that IMD 20 is programmed with an electronic
prescription 66 authorizing IMD 20 for a medical procedure
that includes disruptive energy field 18 and/or providing
device operating parameters for use during that procedure.
Electronic prescription indicator 64 may also indicate the
type of medical procedure for which IMD 20 has been autho-
rized. Inthe exampleillustrated in FIG. 3, electronic prescrip-
tion indicator 64 is located within memory 58. In other
examples, however, electronic prescription indicator 64 may
be located within a different storage element of TMD 20, such
as within a register or other internal memory of processor 56.

Prior to having a medical procedure for which patient 12
has been indicated, such as an MRI scan, it is determined
whether IMD 20 is suitable for operation in disruptive energy
field 18. In one example, a person may determine whether
IMD 20is MRIlabeled by looking for a radio opaque mark on
IMD 20 in an x-ray of a chest of patient 12. In another
example, a user may interact with a telemetry device (e.g.,
telemetry device 17) to determine a product serial number,
model number, model type or other identifier of IMD 20 and
use the identifier to determine whether IMD 20 is MRI
labeled. The identifier may be a designated bit in a memory,
on an RFID tag or other storage element of IMD 20. In a
further example, the user may interact with telemetry device
17 to cause IMD 20 to perform one or more tests, including
lead impedance measurements, pacing threshold measure-
ments, sensing threshold measurements, or battery measure-
ments, to determine whether IMD 20 is suitable for operation
in disruptive energy field 18. The user may make the deter-
mination as to suitability in a clinical setting or remotely via
one or more networks.

IMD 20 is programmed with electronic prescription 66.
IMD 20 may receive one or more communications to program
one or more device operating parameters of the exposure
operating mode, i.e., for use during the authorized medical
procedure. For example, a user may specify a pacing mode
(e.g., atrial-based pacing mode, ventricular-based pacing
mode or dual-chamber based pacing mode), pacing ampli-
tude, pacing pulse width, and/or pacing rate of the therapy
energy delivered during the exposure operating mode. As
another example, the user may specify filtering configura-
tions to be used during the exposure operating mode. In this
manner, the user may program electronic prescription 66
within IMD 20 to define the operating parameters to be used
during the medical procedure. In instances in which no device
operating parameters need to be changed during exposure to
disruptive energy field 18, electronic prescription 66 may be
programmed only with the authorization for the medical pro-
cedure.

Alternatively, processor 56 may automatically determine
at least a portion, and in some cases all, of the operating
parameters of the exposure operating mode. One example
technique for automatically determining one or more param-
eters of the exposure operating mode is described in copend-
ing patent application Ser. No. 12/569,101 to Ellingson et al.,
entitled, “AUTOMATIC SELECTION OF PARAMETERS
OF AN EXPOSURE MODE OF AN IMPLANTABLE
MEDICAL DEVICE,” which was filed on Sep. 29, 2009 and
which is incorporated herein by reference in its entirety. In
this manner, IMD 20 may generate electronic prescription 66
or modify electronic prescription 66 provided by the user.
Processor 56 stores the operating parameters received from
telemetry device 17 or generated by processor 56 within
memory 58 for later retrieval. In another example, the oper-
ating parameters of the exposure operating mode may be
pre-programmed into memory 58.
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Upon determining that IMD 20 is suitable for operation in
disruptive energy field 18 and, in some instances, program-
ming electronic prescription 66, IMD 20 configures elec-
tronic prescription indicator 64. Processor 56 may automati-
cally configure electronic prescription indicator 64 when
electronic prescription 66 programmed. Alternatively, IMD
20 may receive one or more communications via telemetry
module 54 and antenna 63 to configure electronic prescrip-
tion indicator 64 to indicate that IMD 20 is authorized for the
MRI scan or other medical procedure that includes disruptive
energy field 18. When electronic prescription indicator 64 is
a single designated bit, processor 56 may set or assert the
designated bit in response to the communication from telem-
etry device 17. In this case, electronic prescription indicator
64 indicates that IMD 20 is authorized for the MRI scan when
the designated bit is set or asserted and indicates that IMD 20
is not authorized for the MRI scan when designated bit is not
set or asserted. When electronic prescription indicator 64
includes a plurality of designated bit, processor 56 sets or
configures the plurality of designated bits in response to the
communication from telemetry device 17. In this case, elec-
tronic prescription indicator 64 may not only be configured to
indicate that IMD 20 is authorized for a medical procedure,
but electronic prescription indicator 64 may also be used to
indicate which type of medical procedure IMD 20 is autho-
rized for. For example, electronic prescription indicator 64
may be set to a first code to indicate authorization for a first
medical procedure, e.g., an MRI scan, and be set to a second
code to indicate authorization for a second medical proce-
dure, e.g., an ablation procedure.

As described above, the operating parameters of the expo-
sure operating mode may be pre-programmed into memory
58 and selected by a user based on electronic prescription
indicator 64. For example, memory 58 may include an elec-
tronic prescription for exposure to an MRI device and an
electronic prescription for exposure to a radio frequency abla-
tion device. Processor 56 determines electronic prescription
66 to be used is the MRI exposure mode when electronic
prescription indicator 64 is set to the first code corresponding
with the MRI scan and processor 56 determines electronic
prescription 66 to be used an ablation exposure mode when
electronic prescription indicator 64 is set to the second code
corresponding with the ablation procedure.

At some point after electronic prescription indicator 64 is
configured via the first telemetry device (e.g., telemetry
device 17 of FIG. 1), patient 12 arrives for the medical pro-
cedure, e.g., MRI scan. The amount of time between when
electronic prescription 66 is configured and when patient 12
arrives for the medical procedure may vary, and may be as
short as minutes and as long as weeks. As such, it may be
desirable that processor 56 of IMD 20 update the electronic
prescription (e.g., the operating parameters of the exposure
operating mode) between when electronic prescription 66 is
configured and when patient 12 arrives for the medical pro-
cedure. For example, processor 56 may update one or more
operating parameters of the exposure operating mode based
on implant history and/or system performance, such as
whether or not therapy has been provided, pacing modes in
which the device operated, amplitudes of the therapy energy
delivered, pulse widths of the therapy energy delivered, heart
rate during a predetermined period of time, or the like. In this
manner, processor 56 may continuously update electronic
prescription 66. In another example, processor 56 may update
electronic prescription indicator 64 based on detection of a
lead related condition, e.g., lead fracture or other failure. In
particular, in response to detecting a lead related condition,
processor 56 may clear electronic prescription indicator, e.g.,



US 8,838,254 B2

13

reset, deassert or reconfigure electronic prescription indicator
64 to the default value indicating that IMD 20 is not autho-
rized for the medical procedure.

In some instances, electronic prescription indicator 64 has
an expiration. In this case, processor 56 may initiate a timer
(not shown in FIG. 3) to track the amount of time that has
elapsed since electronic prescription indicator 64 is config-
ured. Processor 56 may clear electronic prescription indicator
64 (e.g., reset, deassert or reconfigure electronic prescription
indicator 64 default value) upon expiration of the timer. In the
case of a count down timer, the timer expires upon reaching
zero. In the case of a count up timer, the timer may be expires
upon reaching a threshold value.

When patient 12 arrives for the medical procedure, a sec-
ond user, e.g. an operator of MRI device 10, may interact with
telemetry device 16 to determine whether electronic prescrip-
tion indicator 64 has been configured. IMD 20 receives a
telemetry communication to interrogate IMD 20 regarding
electronic prescription indicator 64. In response to the com-
munication, IMD 20 transmits a communication to telemetry
device 16 with the value of electronic prescription indicator
64 or an indication as to whether electronic prescription indi-
cator 64 has been configured.

After transmitting the communication to telemetry device
16 indicating that electronic prescription indicator 64 has
been configured, processor 56 may invoke electronic pre-
scription 66. In particular, processor 56 transitions IMD 20
into the exposure operating mode designed for operation in
disruptive energy field 18. IMD 20 may receive a second
command from telemetry device 16 and processor 56 may
transition IMD 20 into the exposure operating mode in
response to the second communication. In this manner, telem-
etry device 16 invokes the exposure operating mode defined
by electronic prescription 66. The second communication
from telemetry device 16 may, for example, assert, set, or
otherwise configure an operating mode register of IMD 20
that enables IMD 20 to enter the exposure operating mode. In
another example, processor 56 may transition IMD 20 into
the exposure operating mode automatically in response to
receiving the interrogation command from telemetry device
16.

Upon entering the exposure operating mode, IMD 20 may
also transmit a communication to telemetry device 16 to
indicate that IMD 20 is now operating in accordance with the
exposure operating mode defined by electronic prescription
66. In this manner, confirmation that IMD 20 is operating in
the exposure operating mode may be obtained before per-
forming the MRI scan or other medical procedure.

If electronic prescription indicator 64 is not configured or
IMD 20 is not interrogated prior to exposure to disruptive
energy field 18, IMD 20 may still enter an exposure operating
mode upon exposure to disruptive energy field 18. For
example, processor 56 may configure IMD 20 into a default
exposure operating mode (when electronic prescription indi-
cator 64 is not configured) or into the configured exposure
operating mode defined by electronic prescription 66 (when
electronic prescription indicator 64 is configured) in response
to disruptive field detector 62 detecting the existence of an
environment have a potentially disruptive energy field, such
as in response to detecting a large static magnetic field asso-
ciated with an MRI device. In this manner, even when an
electronic prescription is not programmed, IMD 20 operates
in accordance with parameters that reduce the likelihood of
interference from disruptive energy field 18.

After exposure of IMD 20 to disruptive energy field 18 or
upon occurrence of a serious medical event, processor 56
reconfigures IMD 20 back to the normal operating mode, e.g.,
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the operating mode prior to the exposure operating mode or
some other default operating mode. In one example, proces-
sor 56 may receive a telemetry communication from telem-
etry device 16 that causes processor 56 to reconfigure IMD 20
back to normal operating mode. Processor 56 may, for
instance, deassert, reset or otherwise reconfigure the operat-
ing mode register and/or electronic prescription indicator 64
in response to the telemetry communication. In this manner,
IMD 20 is manually reconfigured into the normal operating
by auser (e.g., physician, technician or other user) interacting
with telemetry device 16. IMD 20 may be reconfigured into
the normal operating mode by user interacting with telemetry
device 17 in a similar manner.

Inanother example, processor 56 of IMD 20 may automati-
cally reconfigure IMD 20 to the normal operating mode, e.g,,
in response to expiration of a timer, in response to disruptive
field detector 62 no longer detecting disruptive energy field
18 or other condition, or a combination of conditions. In this
case, processor 56 deasserts, resets or otherwise reconfigures
the operating mode register and/or electronic prescription
indicator 64 in response to the condition or conditions. Dis-
ruptive field detector 62 may include one or more sensors that
detect disruptive energy field 18, such as a Hall sensor, a reed
switch, or other magnetic field detector. In some instances,
disruptive field detector 62 may be within housing 22 of IMD
20. For example, disruptive field detector 62 may be the same
field detector used to sense a magnetic programming head of
a programming device. Alternatively, IMD 20 may be
coupled to a disruptive field detector 62 located outside of
housing 22 of IMD 20. Whether reconfigured into the normal
operating mode automatically or manually, processor 56 may
transmit telemetry communication to confirm that processor
56 is now operating IMD 20 in the normal operating mode.

Telemetry module 54 of IMD 20 communicates wirelessly
with telemetry devices 16 and 17 by any of a number of
wireless communication techniques. Example wireless com-
munication techniques include RF telemetry, but other tech-
niques are also contemplated. To this end, telemetry module
54 may include any suitable hardware, firmware, software or
any combination thereof for wireless communication. For
example, telemetry module 54 may include appropriate
modulation, demodulation, frequency conversion, filtering,
and amplifier components for transmission and/or reception
of data.

Telemetry module 54 of IMD 20 also communicates in
accordance with one or more communication protocols
designed for communication with IMD 20. The telemetry
signal transmitted by telemetry module 54 may conform to
the specifications of a proprietary communication protocol.
In other instances, the telemetry signal may conform to the
specifications of a non-proprietary communication protocol,
such as a protocol assigned by a standards organization (e.g,,
Institute of Electrical and Electronics Engineers (IEEE),
International Organization for Standardization (ISO), Inter-
national Telecommunication Union—Telecommunication
Standardization Sector (ITU-T), International Telecommuni-
cation Union—Radiocommunication Sector (ITU-R), or
Internet Engineering Task Force (IETF)).

In general, the communication protocol is a set of standards
for communicating data between devices over a communica-
tion channel. The communication protocol may, for example,
define standards for data representation, signaling, authenti-
cation, error detection or the like. The communication proto-
col may be broken down into layers that define characteristics
for the distinct communication layers. In one example, the
layers may be modeled on one or more of the layers defined
by the International Open System Interconnect (OSI) refer-
ence model, although the layers may be adapted as needed.
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The OSI reference model defines a physical layer, a data link
layer, a network layer, a transport layer, a session layer, a
presentation layer and an application layer.

IMD 20 of FIG. 3 includes a therapy module 50 and a
sensing module 52. As such, IMD 20 illustrated in FIG. 3 may
provide both sensing and therapy functionality. Although
FIG. 3 includes both therapy module 50 and sensing module
52, IMD 20 may only provide sensing functionality and no
therapy as in the case of an implantable loop recorder. In such
cases, IMD 20 may not include therapy module 50. Alterna-
tively, IMD 20 may provide therapy with no sensing. In such
cases, IMD 20 may not include sensing module 52.

Sensing module 52 is configured to monitor one or more
physiological signals using one or more sensors connected to
sensing module 52. In one example, sensing module 52 is
configured to monitor signals sensed by one or more of elec-
trodes 34, 36, 38, and 40 on leads 24 and 26 extending from
IMD 20. In another example, sensing module 52 may be
configured to monitor signals sensed by a sensor within or on
IMD 20, such as disruptive field detector 62. In a further
example, sensing module 52 may be configured to receive
signals sensed by one or more wireless or lead-less sensors
and transmitted wirelessly to IMD 20. The one or more sen-
sors may sense physiological signals such as heart activity
(e.g., electrocardiogram (ECG) signals), muscle activity
(e.g., electromyography (EMG) signals), brain electrical
activity (e.g., electroencephalography (EEG) signals), heart
rate, intravascular pressure, blood pressure, blood flow, accel-
eration, displacement, motion, respiration, or blood/tissue
chemistry such as oxygen saturation, carbon dioxide, pH,
protein levels, enzyme levels or other parameter.

Sensing module 52 may store the sensed signals in memory
58. In some instances, sensing module 52 may store the
sensed signals in raw form. In other instances, sensing mod-
ule 52 may process the sensed signals and store the processed
signals in memory 58. For example, sensing module 52 may
include one or more amplifiers and/or filters to amplify and
filter the sensed signal and store the filtered signal in memory
58. The signals stored by sensing module 52 may, in some
cases, be retrieved and further processed by processor 56. In
some instances, processor 56 may control the timing, ampli-
tude, or other aspect of the therapy delivered to patient 12
based on the one or more sensed signals.

IMD 20 may also provide therapy, such as electrical stimu-
lation therapy or drug delivery therapy, to patient 12 in accor-
dance with parameters of one or more selected therapy pro-
grams. In particular, processor 56 controls therapy module 50
to deliver therapy to patient 12 according to one or more
therapy programs, which may be received from telemetry
device 17 and stored in memory 58. In the case of electrical
stimulation therapy, therapy module 50 may include a stimu-
lation generator that generates and delivers electrical stimu-
lation therapy, e.g., in the form of pulses or shocks. Processor
56 may control the stimulation generator to deliver electrical
stimulation pulses with amplitudes, pulse widths, frequency,
and/or electrode polarities specified by the one or more
therapy programs. In the case of drug delivery therapy,
therapy module 50 may include a pump that delivers a drug or
therapeutic agent to patient 12. Processor 56 may control the
pump to deliver the drug or therapeutic agent with the dosage
and frequency (or rate) specified by the one or more therapy
programs.

Power source 60 of IMD 20 delivers operating power to the
components of telemetry device 16. Power source 60 may
include a rechargeable or non-rechargeable battery, or other
power source. A non-rechargeable battery may be selected to
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last for several years, while a rechargeable battery may be
charged from an external charging device on a daily or weekly
basis.

Processor 56 may control operation of IMD 20, e.g., by
controlling operation of the various components of IMD 20.
Memory 58 may include computer-readable instructions that,
when executed by processor 56, cause IMD 20 to perform
various functions attributed to the components of IMD 20
herein. Memory 58 may also store sensed data and operating
parameters received via telemetry from telemetry device 17.

Processor 56 may include one or more of a microprocessor,
acontroller, a DSP, an ASIC, an FPGA, or equivalent discrete
or integrated logic circuitry. In some examples, processor 56
may include multiple components, such as any combination
of one or more microprocessors, one or more controllers, one
or more DSPs, one or more ASICs, or one or more FPGAs, as
well as other discrete or integrated logic circuitry. The func-
tions attributed to processor 56 herein may be embodied as
software, firmware, hardware or any combination thereof.
Memory 58 may include any volatile, non-volatile, magnetic,
optical, or electrical media, such as a random access memory
(RAM), read-only memory (ROM), non-volatile RAM
(NVRAM), static non-volatile RAM (SRAM), electrically-
erasable programmable ROM (EEPROM), flash memory, or
any other computer-readable storage media or a combination
thereof.

IMD 20 is illustrated for exemplary purposes. IMD 20 may
include more or fewer components than shown in FIG. 3
depending on the application of the devices. As such, the
techniques described in this disclosure should not be limited
by the example IMD 20 illustrated in FIG. 3.

FIG. 4 is a block diagram illustrating an example telemetry
device 16 that invokes an exposure operating mode of IMD 20
upon confirming that electronic prescription indicator 64 is
set. Telemetry device 16 includes a telemetry module 70, user
interface 72, processor 74, memory 76, and power source 78,
which may be interconnected via a data bus 82, direct elec-
trical or non-electrical connections or a combination thereof.

As described above, IMD 20 may be analyzed to determine
whether IMD 20 is suitable for operation in disruptive energy
field 18 and, if so, electronic prescription 66 is programmed
and electronic prescription indicator 64 of IMD 20 is config-
ured. When patient 12 arrives for the medical procedure, a
user, such as an operator of MRI device 10, interacts with user
interface 72 of telemetry device 16 to interrogate IMD 20 to
determine whether electronic prescription indicator 64 of
IMD 20 has been configured. In particular, the second user
may interact with an input mechanism of user interface 72 of
telemetry device 16 to cause telemetry device 16 to send one
or more telemetry communications via telemetry module 70
and antenna 80 to interrogate IMD 20 regarding electronic
prescription indicator 64. In one example, user interface 72
may include an interrogation button that the user actuates to
initiate interrogation of IMD 20. In response to actuation of
the interrogation button, processor 74 may generate a telem-
etry communication in accordance with the communication
protocol and control telemetry module 70 to transmit the
telemetry communication to IMD 20 to determine whether
electronic prescription indicator 64 is configured. User inter-
face 72 may include other input mechanisms, such as more
buttons, a keypad, a peripheral pointing device, a touch
screen, microphone or the like.

Telemetry device 16 may receive a telemetry communica-
tion from IMD 20 via telemetry module 70 and antenna 80
indicating whether electronic prescription 66 of IMD 20 is
configured. The telemetry communication from IMD 20 may
indicate a value of electronic prescription indicator 64 and



US 8,838,254 B2

17

processor 74 of telemetry device 16 may determine whether
electronic prescription 66 is programmed based on the indi-
cated value of electronic prescription indicator 64. In the
example in which electronic prescription indicator 64 is one
designated bit, processor 74 may determine that electronic
prescription 66 is configured when equal to “1” and deter-
mined that electronic prescription 66 is not configured when
equal to “0.” As such, when electronic prescription indicator
64 is set equal to “1” telemetry device 16 determines that IMD
20 is authorized for the MRI scan and when electronic pre-
scription indicator 64 is set equal to “0” telemetry device 16
determines that IMD 20 is not authorized for the MRI scan.

In other instances, electronic prescription indicator 64 may
be more than one designated bit and memory 76 of telemetry
device 16 may maintain a mapping that maps values of elec-
tronic prescription indicator 64 to corresponding medical
procedures. Electronic prescription indicator 64 may, for
example, correspond with two designated bits such that the
electronic prescription indicator 64 may take on four different
values with “00” corresponding with no electronic prescrip-
tion, “01” corresponding with an electronic prescription for a
first medical procedure, “10” corresponding with an elec-
tronic prescription for a second medical procedure, and “11”
corresponding with an electronic prescription for a third
medical procedure. In this manner, electronic prescription
indicator 64 is not only used to indicate IMD 20 is authorized
for a medical procedure, but also indicates the type of medical
procedure for which IMD 20 is authorized. Electronic pre-
scription indicator 64 may correspond with more than two
designated bits in which case electronic prescription indicator
64 may be set for more than four values.

User interface 72 may include an output mechanism to
provide an indication to the user to confirm that IMD 20 is
authorized for a medical procedure and, in some instances,
the type of medical procedure for which IMD 20 is autho-
rized. As described in further detail below, the output mecha-
nism of user interface 72 may include a display, one or more
visual indicators, or one or more audible indicators to provide
the indication to the user confirming that is authorized for the
medical procedure.

Upon determining that IMD 20 is programmed with an
electronic prescription 66 based on electronic prescription
indicator 64, processor 74 may generate another telemetry
communication and transmits the communication to IMD 20
to invoke device operating parameters defined by electronic
prescription 66, e.g., the exposure operating mode designed
for operation in disruptive energy field 18. In one example,
user interface 72 may include a button that the user actuates to
initiate configuration of IMD 20 into the exposure operating
mode. The button may be the same as the interrogation button
or a different button. In response to receiving the communi-
cation, IMD 20 may write to an operating mode register of
IMD 20 to the cause of IMD 20 to be configured into the
exposure operating mode.

Telemetry device 16 may receive another communication
from IMD 20 that confirms that IMD 20 is operating in
accordance with the exposure operating mode. User interface
72 of telemetry device 16 may provide an indication to the
user that IMD 20 is now operating in the exposure operating
mode. User interface 72 may provide the indication via the
display, one or more visual indicators, or one or more audible
indicators. In one example, user interface 72 may include one
or more light emitting diodes (LEDs) that may be lit with
different colors based on whether electronic prescription
indicator 64 is set and whether IMD 20 is operating in accor-
dance with the exposure operating mode. For instance, LED
may be red when electronic prescription indicator 64 is not
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set, a yellow when electronic prescription indicator 64 is set
but IMD 20 is not operating in the exposure operating mode,
a green when IMD 20 is operating in the exposure operating
mode. In this case, the medical procedure will not proceed
until the LED is green.

Power source 78 of telemetry device 16 delivers operating
power to the components of telemetry device 16. Power
source 78 may include a rechargeable or non-rechargeable
battery. In other embodiments, telemetry device 16 may be
directly coupled to an alternating current (AC) outlet to power
telemetry device 16.

Processor 74 may control operation of telemetry device 16,
e.g., by controlling operation of the various components of
telemetry device 16. Memory 76 may include computer-read-
able instructions that, when executed by processor 74, cause
telemetry device 16 to perform various functions attributed to
the components of telemetry device 16 herein. Processor 74
may include one or more of a microprocessor, a controller, a
DSP, an ASIC, an FPGA, or equivalent discrete or integrated
logic circuitry. In some examples, processor 74 may include
multiple components, such as any combination of one or
more microprocessors, one or more controllers, one or more
DSPs, one or more ASICs, or one or more FPGAs, as well as
other discrete or integrated logic circuitry. The functions
attributed to processor 74 herein may be embodied as soft-
ware, firmware, hardware or any combination thereof.
Memory 76 may include any volatile, non-volatile, magnetic,
optical, or electrical media, such asa RAM, ROM, NVRAM,
SRAM, EEPROM, flash memory, or any other computer-
readable storage media or a combination thereof.

Telemetry module 70 of telemetry device 16 communi-
cates wirelessly with telemetry module 54 of IMD 20 by any
of a number of communication protocols designed for com-
munication with IMD 20 and/or wireless communication
techniques described in detail above with respect to telemetry
module 54. As such, telemetry module 70 may include appro-
priate modulation, demodulation, frequency conversion, fil-
tering, and amplifier components for transmission and/or
reception of data.

FIG. 5 is a flow diagram illustrating example operation of
atelemetry device (such as telemetry device 17) configuring
an electronic prescription of an IMD 20. Initially, patient 12 is
indicated for a medical procedure (90). Patient 12 may, for
example, be indicated for an MRI scan or other medical
procedure.

Prior to having the medical procedure, IMD 20 is checked
out to determine suitability for operation in disruptive energy
field 18 (92). In one example, a person may determine
whether IMD 20 is MRI labeled by looking for a radio opaque
mark on IMD 20 in an x-ray ofa chest of patient 12. In another
example, a user may interact with a telemetry device (e.g.,
telemetry device 17) to determine a product serial number,
model number, model type or other identifier of IMD 20 and
use the identifier to determine whether IMD 20 is MRI
labeled. In a further example, the user may interact with
telemetry device 17 to cause IMD 20 to perform one or more
tests to determine whether IMD 20 is suitable for operation in
disruptive energy field 18. Upon determining that IMD 20 is
not suitable for operation in disruptive energy field 18 (“NO”
branch of block 94), the medical procedure is canceled (96)
and electronic prescription indicator 64 is not configured
98).

Upon determining that IMD 20 is suitable for operation in
disruptive energy field 18 (“YES” branch of block 94), telem-
etry device 17 may transmit one or more communications to
configure electronic prescription 66, e.g., operating param-
eters for the exposure operating mode (100). For example, the
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one or more communications may specify a pacing mode
(e.g., atrial-based pacing mode, ventricular-based pacing
mode or dual-chamber based pacing mode), pacing ampli-
tude, pacing pulse width, and/or pacing rate of the therapy
energy delivered during the exposure operating mode. As
another example, the user may specify filtering configura-
tions to be used during the exposure operating mode. In other
instances, IMD 20 may include preconfigured operating
parameters for the exposure operating mode or automatically
determine the exposure operating mode. In this case, step 100
may be viewed as an optional step in some instances.

In addition, telemetry device 17 may transmit on a more
communications to configure electronic prescription 66 and
electronic prescription indicator 64 (102). Telemetry device
17 may, for example, transmit one or more communications
that cause IMD 20 to assert or set the one or more designated
bits that make up electronic prescription indicator 64. In this
manner, telemetry device 17 may configure electronic pre-
scription indicator 64 to indicate that IMD 20 is authorized for
the MRI scan or other medical procedure that includes dis-
ruptive energy field 18.

As described above, it may be desirable in some instances
for processor 56 of IMD 20 to continually and automatically
update electronic prescription 66 and/or electronic prescrip-
tion indicator 64 between when electronic prescription 66 is
configured and when patient 12 arrives for the medical pro-
cedure. Upon making such an adjustment, IMD 20 may notify
patient 12 and/or a physician regarding such a change.

FIG. 6 is a flow diagram illustrating example operation of
atelemetry device (such as telemetry device 16) invoking an
electronic prescription of IMD 20 upon confirming that elec-
tronic prescription indicator 64 is set. Initially, a patient
arrives for a medical procedure (110). Telemetry device 16
generates and sends one or more telemetry communications
to interrogate IMD 20 regarding electronic prescription indi-
cator 64 (112). In one example, user interface 72 may include
an interrogation button that the user actuates to initiate inter-
rogation of IMD 20.

Telemetry device 16 may receive a telemetry communica-
tion from IMD 20 indicating whether electronic prescription
indicator 64 of IMD 20 is set (114). The telemetry commu-
nication from IMD 20 may indicate a value of electronic
prescription indicator 64 and processor 74 of telemetry device
16 may determine whether electronic prescription indicator
64 is set based on the indicated value of electronic prescrip-
tion indicator 64. In the example in which electronic prescrip-
tion indicator 64 is one designated bit, processor 74 may
determine that electronic prescription indicator 64 is set when
equal to “1” and determined that electronic prescription indi-
cator 64 is not set when equal to “b 0.”

When electronic prescription indicator 64 is not set (“NO”
branch of block 114), user interface 72 indicates to the user
that electronic prescription indicator 64 is not set (116). For
example, user interface 72 of telemetry device 16 may indi-
cate to the user that electronic prescription indicator 64 is not
set using an LED, a display, or other output mechanism. In
instances where electronic prescription indicator 64 is not set,
the medical procedure may be canceled.

When electronic prescription indicator 64 is set (“YES”
branch of block 114), user interface 72 may indicate to the
user that electronic prescription indicator 64 is set (118). For
exampleuserinterface 72 of telemetry device 16 may indicate
to the user that electronic prescription indicator 64 is set by
lighting the LED in a different color, such as yellow instead of
red. Furthermore, processor 74 may generate another telem-
etry communication and transmits the communication to
IMD 20 to invoke the exposure operating mode (120). In one
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example, processor 74 may automatically generate and trans-
mit the telemetry communication upon determining that elec-
tronic prescription indicator 64 is configured. In another
example, processor 74 may generate and transmit the telem-
etry communication in response to an input from the user,
such as in response to actuation of a button of the user inter-
face 72 of telemetry device 16.

Telemetry device 16 may receive another communication
from IMD 20 that confirms that IMD 20 is operating in
accordance with the exposure operating mode or the pro-
grammed electronic prescription (122). User interface 72 of
telemetry device 16 may provide an indication to the user that
IMD 20 is now operating in the exposure operating mode or
in accordance with electronic prescription 66 (124). User
interface 72 may provide the indication via the display, one or
more visual indicators, or one or more audible indicators. In
one example, user interface 72 generates the indication by
lighting the LED in the third color, such as green instead of
yellow or red.

After the medical procedure has been performed, the user
may interact with telemetry device 16 to transmit another
communication to IMD 20 to cease operation of IMD 20 in
the exposure operating mode (126). Telemetry device 16 may
receive a communication from IMD 20 that confirms that
IMD 20 is operating in accordance with the normal operating
mode (128).

FIG. 7 is a flow diagram illustrating example operation of
IMD 20 in accordance with the techniques of this disclosure.
Prior to having a medical procedure for which patient 12 has
been indicated, such as an MRI scan, IMD 20 is programmed
with electronic prescription 66 (132). IMD 20 may, for
example, receive one or more communications from telem-
etry device 17 to program the electronic prescription, e.g., by
programming one or more device operating parameters. In
other instances, IMD 20 may be preconfigured with elec-
tronic prescription 66 or automatically determine electronic
prescription 66.

IMD 20 also configures electronic prescription indicator
64 to indicate that IMD 20 is authorized for the MRI scan or
other medical procedure (134). IMD 20 may configure elec-
tronic prescription indicator 64 in response to the communi-
cation from telemetry device 17. Alternatively, processor 56
of IMD 20 may automatically configure electronic prescrip-
tion indicator 64 after electronic prescription 66 is pro-
grammed

Processor 56 may initiate an expiration timer to track the
amount of time that has elapsed since electronic prescription
66 or electronic prescription indicator 64 was configured
(136). Processor 56 may monitor the expiration timer to deter-
mine whether the expiration timer is expired (138). When the
expiration timer is expired (“YES” branch of block 138),
processor 56 clears electronic prescription indicator 64 (e.g.,
reset, deassert or reconfigure electronic prescription indicator
64 to a default value) (140).

Ifthe expiration timer is not expired (“NO” branch of block
138), processor 56 monitors for an interrogation command
from a second telemetry device, e.g., telemetry device 16
(142). When no interrogation command is received from the
second telemetry device (“NO” branch of block 142), proces-
sor 56 determines whether the expiration timer is expired as
described above with respect to block 138. When interroga-
tion command is received from telemetry device 16, (“YES”
branch of block 142), IMD 20 transmits a communication that
indicates whether electronic prescription indicator 64 is con-
figured (144). IMD 20 may, for example, transmit a commu-
nication to telemetry device 16 with the value of electronic
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prescription indicator 64 or an indication as to whether elec-
tronic prescription indicator 64 has been configured.

Processor 56 of TMD 20 invokes electronic prescription 66,
e.g., transition into the exposure operating mode (146). For
example, processor 56 may invoke electronic prescription 66
in response to receiving a second command from telemetry
device 16 to invoke electronic prescription 66. In response to
the second command, processor 56 begins to operate IMD 20
in accordance with the operating parameters of the exposure
operating mode defined by electronic prescription 66 (148).
Upon entering the exposure operating mode, IMD 20 may
transmit a communication to telemetry device 16 to indicate
that IMD 20 is now operating in accordance with the exposure
operating mode. In this manner, confirmation that IMD 20 is
operating in the exposure operating mode defined by elec-
tronic prescription 66 may be obtained before performing the
MRI scan or other medical procedure.

Processor 56 determines whether to exit the exposure opet-
ating mode (150). In one example, processor 56 may receive
a telemetry communication from telemetry device 16 that
indicates to processor 56 that it may now exit the exposure
operating mode. In another example, processor 56 of IMD 20
may determine whether to exit the exposure operating mode
based on a condition or a combination of conditions, such as
expiration of a timer, disruptive field detector 62 no longer
detecting disruptive energy field 18 or the like. When proces-
sor 56 determines to not exit the exposure operating mode
(“NO” branch of block 150), processor 56 continues to oper-
ate IMD 20 in accordance with the exposure operating mode
(148). When processor 56 determines to exit the exposure
operating mode (“YES” branch of block 150), processor 56
transitions to the normal operating mode (152) and clears
electronic prescription indicator 64 as described with respect
to block 140.

As described above, if electronic prescription indicator 64
is not configured or IMD 20 is not interrogated prior to expo-
sure to disruptive energy field 18, IMD 20 may still enter an
exposure operating mode upon exposure to disruptive energy
field 18. For example, processor 56 may configure IMD 20
into a default exposure operating mode (when electronic pre-
scription indicator 64 is not configured) or into the configured
electronic prescription mode (when electronic prescription
indicator 64 is configured) in response to disruptive field
detector 62 detecting the existence of an environment have a
potentially disruptive energy field.

The techniques described in this disclosure may be imple-
mented, at least in part, in hardware, software, firmware or
any combination thereof. For example, various aspects of the
techniques may be implemented within one or more proces-
sors, including one or more microprocessors, DSPs, ASICs,
FPGAs, or any other equivalent integrated or discrete logic
circuitry, as well as any combinations of such components,
embodied in programmers, such as physician or patient pro-
grammers, stimulators, or other devices. The term “proces-
sor” may generally refer to any of the foregoing circuitry,
alone or in combination with other circuitry, or any other
equivalent circuitry.

Such hardware, software, or firmware may be imple-
mented within the same device or within separate devices to
support the various operations and functions described in this
disclosure. In addition, any of the described units, modules or
components may be implemented together or separately as
discrete but interoperable logic devices. Depiction of differ-
ent features as modules or units is intended to highlight dif-
ferent functional aspects and does not necessarily imply that
such modules or units must be realized by separate hardware
or software components. Rather, functionality associated
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with one or more modules or units may be performed by
separate hardware or software components, or integrated
within common or separate hardware or software compo-
nents.

When implemented in software, the functionality ascribed
to the systems, devices and techniques described in this dis-
closure may be embodied as instructions on a computetr-
readable medium such as RAM, ROM, NVRAM, EEPROM,
flash memory, magnetic data storage media, optical data stor-
age media, or the like. The instructions may be executed to
support one or more aspects of the functionality described in
this disclosure.

Various examples have been described. These and other
examples are within the scope of the following claims.

The invention claimed is:

1. A method of configuring an implantable medical device
for operation in an environment with a disruptive energy field,
the method comprising:

configuring an electronic prescription indicator to indicate

whether the implantable medical device is authorized
for a medical procedure that includes the disruptive
energy field, wherein the electronic prescription indica-
tor includes one or more designated bits within a storage
element of the implantable medical device;

confirming that the electronic prescription indicator of the

implantable medical device is configured;
invoking an exposure operating mode defined by an elec-
tronic prescription that is designed for operation in the
disruptive energy field upon confirming that the elec-
tronic prescription indicator is configured; and

initiating a timer in response to configuring the electronic
prescription indicator, wherein the timer tracks the
amount of time that has elapsed since configuring the
electronic prescription indicator; and

clearing the electronic prescription indicator upon expira-

tion of the timer.

2. The method of claim 1,

further comprising determining whether the implantable

medical device is suitable for operation in the disruptive
energy field,

wherein configuring the electronic prescription indicator

comprises configuring the electronic prescription indi-
cator when the implantable medical device is deter-
mined to be suitable for operation in the disruptive
energy field.

3. The method of claim 1, further comprising defining
operating parameters to be used when operating in the expo-
sure operating mode.

4. The method of claim 3, further comprising automatically
updating at least one of the operating parameters after defin-
ing the operating parameters and prior to exposure to the
disruptive energy field.

5. The method of claim 1, wherein invoking the exposure
operating mode comprises writing to at least one register of
the implantable medical device upon confirming that the elec-
tronic prescription indicator is configured to cause the
implantable medical device to operate in the exposure oper-
ating mode defined by the electronic prescription.

6. The method of claim 1, further comprising:

transitioning from the exposure operating mode to a nor-

mal operating mode after the medical procedure; and
clearing the electronic prescription indicator after the
medical procedure.

7. The method of claim 1, wherein the electronic prescrip-
tion indicator includes a plurality of designated bits and con-
figuring the electronic prescription indicator comprises con-
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figuring the electronic prescription indicator to indicate a type
of medical procedure for which the implantable medical
device is authorized.

8. The method of claim 7, wherein configuring the elec-
tronic prescription indicator to indicate the type of medical
procedure comprises:

configuring the electronic prescription indicator to a first
value to indicate that the implantable medical device is
authorized for a first type of medical procedure; and

configuring the electronic prescription indicator to a sec-
ond value to indicate that the implantable medical device
is authorized for a second type of medical procedure.

9. The method of claim 1, wherein the electronic prescrip-
tion indicator includes one designated bit and configuring the
electronic prescription indicator comprises asserting the one
designated bit.

10. The method of claim 1, further comprising:

providing a first indication to a user to confirm that the
electronic prescription indicator of the implantable
medical device is configured; and

providing a second indication to the user to confirm that the
implantable medical device is operating in the exposure
operating mode.

11. A medical device system comprising:

an implantable medical device that includes:

a telemetry module to transmit and receive communica-
tions;

an electronic prescription indicator that indicates
whether the implantable medical device is authorized
for a medical procedure that includes a disruptive
energy field, wherein the electronic prescription indi-
cator includes one or more designated bits within a
storage element of the implantable medical device;

an electronic prescription that defines operating param-
eters of an exposure operating mode that is designed
for operation in the disruptive energy field; and

a processor, wherein the processor of the implantable
medical device initiates a timer to track the amount of
time that has elapsed since the electronic prescription
indicator was configured and clears the electronic
prescription indicator upon expiration of the timer;

a first external device that communicates with the implant-
able medical device to cause the processor to configure
the electronic prescription indicator to indicate that the
implantable medical device is authorized for a medical
procedure that includes a disruptive energy field; and

a second external device that communicates with the
implantable medical device to confirm that the elec-
tronic prescription indicator of the implantable medical
device is configured and invoke the electronic prescrip-
tion upon confirming that the electronic prescription
indicator is configured.

12. The system of claim 11, wherein the first external
device determines whether the implantable medical device is
suitable for operation in the disruptive energy field and com-
municates with the implantable medical device to cause the
processor to configure the electronic prescription indicator
when the implantable medical device is determined to be
suitable for operation in the disruptive energy field.

13. The system of claim 11, wherein the first external
device communicates with the implantable medical device to
cause the processor to program at least a portion of the oper-
ating parameters to be used when operating in the exposure
operating mode.

14. The system of claim 11, wherein the second external
device communicates with the implantable medical device to
cause the processor to write to at least one register of the
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implantable medical device upon confirming that the elec-
tronic prescription indicator is configured to cause the
implantable medical device to operate in an exposure operat-
ing mode defined by the electronic prescription.

15. The system of claim 11, wherein the processor of the
implantable medical device transitions operation of the
implantable medical device from the exposure operating
mode to a normal operating mode after the medical procedure
and clears the electronic prescription indicator after the medi-
cal procedure.

16. The system of claim 11, wherein the electronic pre-
scription indicator includes a plurality of designated bits and
the processor configures the electronic prescription indicator
to indicate a type of medical procedure for which the implant-
able medical device is authorized.

17. The system of claim 16, wherein processor configures
the electronic prescription indicator to a first value to indicate
that the implantable medical device is authorized for a first
type of medical procedure and configures the electronic pre-
scription indicator to a second value to indicate that the
implantable medical device is authorized for a second type of
medical procedure.

18. The system of claim 11, wherein the electronic pre-
scription indicator includes one designated bit and the pro-
cessor configures the electronic prescription by asserting the
one designated bit.

19. The system of claim 11, wherein the second external
device provides a first indication to a user to confirm that the
electronic prescription indicator of the implantable medical
device is configured and provides a second indication to the
user to confirm that the implantable medical device is oper-
ating in the exposure operating mode defined by the elec-
tronic prescription.

20. An implantable medical device comprising:

at least one storage element;

an electronic prescription indicator that indicates whether

the implantable medical device is authorized for a medi-
cal procedure that includes a disruptive energy field,
wherein the electronic prescription indicator includes
one or more designated bits within the at least one stor-
age element of the implantable medical device;

an electronic prescription that defines one or more device

operating parameters of an exposure operating mode for
use in the disruptive energy field, wherein the electronic
prescription is stored within the at least one storage
element of the implantable medical device;

a transceiver that transmits and receives communications;

and

a processor that controls operation of the implantable

medical device, wherein the processor configures the
electronic prescription indicator to indicate that the
implantable medical device is configured with the elec-
tronic prescription and causes the transceiver to transmit
a communication that includes a value of the electronic
prescription indicator in response to a communication
from an external device, wherein the processor initiates
a timer in response to configuring the electronic pre-
scription indicator to track the amount of time that has
elapsed since configuring the electronic prescription
indicator and clears the electronic prescription indicator
upon expiration of the timer.

21. The implantable medical device of claim 20, wherein
the processor configures the electronic prescription indicator
in response to a communication from a second external
device.
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22. The implantable medical device of claim 20, wherein
the processor automatically configures the electronic pre-
scription indicator when the electronic prescription is manu-
ally configured.

23. The implantable medical device of claim 20, wherein
the electronic prescription is one designated bit within the at
least one storage element and the processor sets the electronic
prescription indicator to “1” when the implantable medical
device is configured with the electronic prescription and sets
the electronic prescription indicator to “0” when the implant-
able medical device is not configured with the electronic
prescription.

24. The implantable medical device of claim 20, wherein
the electronic prescription indicator includes a plurality of
bits and the processor configures the electronic prescription
indicator to indicate a type of procedure from a plurality of
possible procedures for which the electronic prescription is
configured.

25. The implantable medical device of claim 20, wherein
the processor automatically updates the electronic prescrip-
tion after the electronic prescription is configured and before
the device is exposed to the disruptive energy field.
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26. The implantable medical device of claim 20, wherein
the processor automatically updates the electronic prescrip-
tion indicator after the electronic prescription indicator is
configured and before the device is exposed to the disruptive
energy field.

27. The implantable medical device of claim 20, wherein
the processor begins to operate the implantable medical
device in accordance with the device operating parameters
defined by the electronic prescription in response to a second
commuuication received from the external device.

28. The implantable medical device of claim 27, wherein
the processor causes the transceiver to transmit a third com-
munication to indicate that the implantable medical device is
operating in accordance with the device operating parameters
defined by the electronic prescription.

29. The implantable medical device of claim 20, wherein
the processor begins to operate the implantable medical
device in accordance with the device operating parameters
defined by the electronic prescription in response to the first
commuunication from the external device.
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