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(54) Title: IMPLANTABLE MEDICAL DEVICE WITH AUTOMATIC TACHYCARDIA DETECTION AND CONTROL IN 
MRI ENVIRONMENTS

; Ά i .T FIELD 
DETECT WCtMJlt

FIS. 2

(57) Abstract: An implantable medical device (IMD) includes a lead having one or more sensing electrodes and one or more ther­
apy delivery electrodes, and a sensor configured to detect the presence of static and time-varying scan fields in a magnetic reso - 
nance imaging (MRI) environment. A controller, in electrical communication with the lead and the sensor, is configured to pro­
cess signals related to tachycardia events sensed via the one or more sensing electrodes and to deliver pacing and shock therapy 
signals via the one or more therapy delivery electrodes. The controller compares the sensed static and time-varying scan fields to 
static and time-varying scan field thresholds. The controller controls delivery of anti-tachycardia pacing and shock therapy signals 
as a function of the detected tachycardia events, the comparison of the sensed static scan field to the static scan field threshold, 
and the comparison of the time-varying scan fields to the time-varying scan field thresholds.
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IMPLANTABLE MEDICAL DEVICE WITH AUTOMATIC TACHYCARDIA 
DETECTION AND CONTROL IN MRI ENVIRONMENTS

TECHNICAL FIELD

[0001] The present invention relates to implantable medical devices. In 
particular, the present invention relates to an implantable medical device with 
automatic tachycardia detection control in MRI environments.

BACKGROUND
[0002] Magnetic resonance imaging (MRI) is a non-invasive imaging 

procedure that utilizes nuclear magnetic resonance techniques to render images 
within a patient’s body. Typically, MRI systems employ the use of a magnetic coil 
having a magnetic field strength of between about 0.2 to 3 Teslas. During the 
procedure, the body tissue is briefly exposed to RF pulses of electromagnetic 
energy in a plane perpendicular to the magnetic field. The resultant 
electromagnetic energy from these pulses can be used to image the body tissue 
by measuring the relaxation properties of the excited atomic nuclei in the tissue. 

[0003] During imaging, the electromagnetic radiation produced by the MRI 
system may be picked up by implantable device leads used in implantable 
medical devices such as pacemakers or cardiac defibrillators. This energy may 
be transferred through the lead to the electrode in contact with the tissue, which 
may lead to elevated temperatures at the point of contact. The degree of tissue 
heating is typically related to factors such as the length of the lead, the 
conductivity or impedance of the lead, and the surface area of the lead electrodes. 
Exposure to a magnetic field may also induce an undesired voltage on the lead.

SUMMARY
[0004] Discussed herein are various components for implantable medical 
devices to control delivery of anti-tachycardia pacing and shock therapy signals as 
a function of detected tachycardia events and sensed static and time-varying MRI 
scan fields, as well as implantable medical devices including such components 
and methods related to such implantable medical devices and components.
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[0005] A first aspect of the present disclosure provides an implantable medical device 

(IMD) including a lead having one or more sensing electrodes and one or more therapy 

delivery electrodes. The IMD also includes a sensor configured to detect the presence of 

static and time-varying scan fields in a magnetic resonance imaging (MRI) environment. The 

IMD further includes a controller, in electrical communication with the lead and the sensor, 

configured to process signals related to tachycardia events sensed via the one or more 

sensing electrodes and to deliver pacing and shock therapy signals via the one or more 

therapy delivery electrodes. The controller is also configured to compare the sensed static 

and time-varying scan fields to static and time-varying scan field thresholds. The controller 

controls delivery of anti-tachycardia pacing and shock therapy signals as a function of the 

detected tachycardia events, the comparison of the sensed static scan field to the static scan 

field threshold, and the comparison of the time-varying scan fields to the time-varying scan 

field thresholds.

[0006] In the first aspect the controller disqualifies the tachycardia events to inhibit delivery 

of the anti-tachycardia pacing and shock therapy signals when the static and time-varying 

scan field thresholds are exceeded.

[0007] In the first aspect the controller processes sensed tachycardia events, enables 
delivery of the anti-tachycardia pacing signals, and inhibits delivery of the shock therapy 
signals when the static scan field threshold is exceeded and the time-varying scan field 

thresholds are not exceeded.

[0008] The controller may process sensed tachycardia events and enables delivery of the 
anti-tachycardia pacing and shock therapy signals when the neither of the static and time- 

varying scan field thresholds is exceeded.

[0009] The controller may be operable to switch the IMD between a normal mode and an 

MRI mode, and wherein the sensor is disabled in the normal mode and the sensor is 

enabled in the MRI mode.

[0010] The controller may automatically switch the IMD from the MRI mode to the normal 

mode when the static scan field is less than the static scan field threshold.

[0011] The controller may further control delivery of anti-tachycardia pacing and shock 

therapy signals as a function of programmed therapy settings.

8171829 2
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[0012] A further aspect provides a method for operating an implantable medical device (IMD) 

includes sensing static and time-varying scan fields in a magnetic resonance imaging (MRI) 

environment and comparing the sensed fields to static and time-varying scan field thresholds. 

Signals related to tachycardia events are detected, and delivery of anti-tachycardia pacing and 

shock therapy signals is controlled as a function of the detected tachycardia events, the 

comparison of the sensed static scan field to the static scan field threshold, and the comparison 
of the time-varying scan fields to the time-varying scan field thresholds.

[0013] In the method the controlling step comprises delivering anti-tachycardia pacing and/or 

shock therapy signals when a tachycardia event is detected and neither of the static and time- 

varying scan field thresholds is exceeded.

[0014] In the method the controlling step comprises delivering the anti-tachycardia pacing 

signals and inhibiting delivery of the shock therapy signals when signals related to a 

tachycardia event is detected and the static scan field threshold is exceeded and the time- 

varying scan field thresholds are not exceeded.

[0015] In the method the controlling step may comprise inhibiting delivery of the anti­

tachycardia pacing and shock therapy signals and disqualifying detected tachycardia events 

when the static and time-varying scan field thresholds are exceeded.

[0016] In the method the controlling step further comprise controlling delivery of anti­

tachycardia pacing and shock therapy signals as a function of programmed therapy settings.

[0017] In the method, prior to the sensing step, the method may further comprise switching 

the IMD from a normal mode to an MRI mode.

[0018] The method may further comprise automatically switching the IMD from the MRI mode 

to the normal mode when the static scan field is less than the static scan field threshold.

[0019] According a further aspect, a method for operating an implantable medical device 

(IMD) includes sensing static and time-varying scan fields in a magnetic resonance imaging 

(MRI) environment and comparing the sensed fields to static and time-varying scan field 

thresholds. Signals related to tachycardia events are detected, and delivery of anti-tachycardia 

pacing and shock therapy signals is controlled as a function of the detected tachycardia events 

and the threshold comparisons. Particularly, anti-tachycardia pacing

9049181 1
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and/or shock therapy signals are delivered when a tachycardia event is detected and neither 

of the static and time-varying scan field thresholds is exceeded. In addition, the anti­

tachycardia pacing signals are delivered and delivery of the shock therapy signals is 

inhibited when signals related to a tachycardia event is detected and the static scan field 

threshold is exceeded and the time-varying scan field thresholds are not exceeded. 

Furthermore, delivery of the anti-tachycardia pacing and shock therapy signals is inhibited 

and detected tachycardia events are disqualified when the static and time-varying scan field 

thresholds are exceeded.

[0020] The method, prior to the sensing step, the method may further comprise switching 

the IMD from a normal mode to an MRI mode.

[0021] The method may further comprise automatically switching the IMD from the MRI 

mode to the normal mode when the static scan field is less than the static scan field 

threshold.

[0022] The method the controlling step may further comprise controlling delivery of anti- 

tachycardia pacing and shock therapy signals as a function of programmed therapy settings.

8171829 4
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[0023] While multiple embodiments are disclosed, still other embodiments 
of the present invention will become apparent to those skilled in the art from the 
following detailed description, which shows and describes illustrative 
embodiments of the invention. Accordingly, the drawings and detailed description 
are to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] FIG. 1 is a schematic view of a cardiac rhythm management (CRM) 
system including a pulse generator and a lead implanted in a patient’s heart 
according to an embodiment of the present invention.

[0025] FIG. 2 is a functional block diagram of an implantable medical 
device (IMD) configured to detect fields generated by magnetic resonance 
imaging (MRI) systems and deliver anti-tachycardia therapy as a function of the 
detected fields.
[0026] FIG. 3 is a flow diagram of a process for detecting MRI scan fields 
and controlling delivery of anti-tachycardia therapy as a function of the detected 
fields.
[0027] While the invention is amenable to various modifications and 
alternative forms, specific embodiments have been shown by way of example in 
the drawings and are described in detail below. The intention, however, is not to 
limit the invention to the particular embodiments described. On the contrary, the 
invention is intended to cover all modifications, equivalents, and alternatives 
falling within the scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION
[0028] FIG. 1 is a schematic view of a cardiac rhythm management (CRM) 
system 10 according to an embodiment of the present invention. As shown in 
FIG. 1, the CRM system 10 includes a pulse generator 12 coupled to a plurality of 
leads 14, 16 deployed in a patient’s heart 18. As further shown in FIG. 1, the 
heart 18 includes a right atrium 24 and a right ventricle 26 separated by a tricuspid 
valve 28. During normal operation of the heart 18, deoxygenated blood is fed into 
the right atrium 24 through the superior vena cava 30 and the inferior vena cava
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32. The major veins supplying blood to the superior vena cava 30 include the 
right and left axillary veins 34 and 36, which flow into the right and left subclavian 
veins 38 and 40. The right and left external jugular 42 and 44, along with the right 
and left internal jugular 46 and 48, join the right and left subclavian veins 38 and 
40 to form the right and left brachiocephalic veins 50 and 52, which in turn 
combine to flow into the superior vena cava 30.
[0029] The leads 14, 16 operate to convey electrical signals and stimuli 
between the heart 18 and the pulse generator 12. In the illustrated embodiment, 
the lead 14 is implanted in the right ventricle 26, and the lead 16 is implanted in 
the right atrium 24. In other embodiments, the CRM system 10 may include 
additional leads, e.g., a lead extending into a coronary vein for stimulating the left 
ventricle in a bi-ventricular pacing or cardiac resynchronization therapy system. 
As shown, the leads 14, 16 enter the vascular system through a vascular entry 

site 54 formed in the wall of the left subclavian vein 40, extend through the left 
brachiocephalic vein 52 and the superior vena cava 30, and are implanted in the 
right ventricle 26 and right atrium 24, respectively. In other embodiments of the 
present invention, the leads 14, 16 may enter the vascular system through the 

right subclavian vein 38, the left axillary vein 36, the left external jugular 44, the 
left internal jugular 48, or the left brachiocephalic vein 52.
[0030] The pulse generator 12 is typically implanted subcutaneously within 
an implantation location or pocket in the patient’s chest or abdomen. The pulse 
generator 12 may be any implantable medical device known in the art or later 
developed, for delivering an electrical therapeutic stimulus to the patient. In 
various embodiments, the pulse generator 12 is a pacemaker, an implantable 
cardiac defibrillator, and/or includes both pacing and defibrillation capabilities. 

The portion of the leads 14, 16 extending from the pulse generator 12 to the 
vascular entry site 54 are also located subcutaneously or submuscularly. The 
leads 14, 16 are each connected to the pulse generator 12 via proximal 
connectors. Any excess lead length, i.e., length beyond that needed to reach 
from the pulse generator 12 location to the desired intracardiac implantation site, 
is generally coiled up in the subcutaneous pocket near the pulse generator 12.

6
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[0031] FIG. 2 is a functional block diagram of an embodiment of the IMD 
12. The IMD 12 includes an energy storage device 60, a controller 62, a sensing 
and detection module 63, a therapy module 64, a communication module 66, a 
static field detect module 68, and a time-varying field detect module 70. The term 
“module” is not intended to imply any particular structure. Rather, “module” may 
mean components and circuitry integrated into a single unit as well as individual, 
discrete components and circuitry that are functionally related. In addition, it 
should be noted that IMD 12 may include additional functional modules that are 
operable to perform other functions associated with operation of IMD 12.
[0032] The energy storage device 60 operates to provide operating power 
to the controller 62, sensing and detection module 63, therapy module 64, 
communication module 66, static field detect module 68, and time-varying field 
detect module 70. The controller 62 operates to control and receive signals from 
the sensing and detection module 63, therapy module 64, communication module 
66, static field detect module 68, and time-varying field detect module 70, each of 
which is operatively coupled to and communicates with the controller 62. For 
example, the controller 62 may command the therapy module 64 to deliver a 
desired therapy, such as a pacing or defibrillation stimulus, based on signals 
received from the sensing and detection module 63. In addition, the controller 62 
may command the communication module 66 to transmit and/or receive data from 
an external device (e.g., a programmer). Furthermore, the controller 62 may 
receive signals from the static field detect module 68 and/or the time-varying field 
detect module 70 indicating the presence or absence of fields generated by an 
MRI scan.
[0033] The IMD 12 may also include timing circuitry (not shown) which
operates to schedule, prompt, and/or activate the IMD 12 to perform various 
activities. In one embodiment, the timing circuitry is an internal timer or oscillator, 
while in other embodiments, timing may be performed by specific hardware 
components that contain hardwired logic for performing the steps, or by any 
combination of programmed computer components and custom hardware 
components.

7
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[0034] The communication module 66 is configured to both transmit and 
receive telemetry signals to and from other devices, such as an external 
programmer. For example, the communication module 66 may be configured to 
receive signals from the external programmer to switch the operation mode of the 
communication module 66 between a normal mode and a magnetic resonance 
imaging (MRI) mode. The IMD 12 may alternatively include at least one 
transducer configured for receiving a telemetry signal and at least one transducer 
for transmitting a telemetry signal. The communication module 66 may be any 
type of device capable of sending and/or receiving information via a telemetry 
signal, including, but not limited to, a radio frequency (RF) transmitter, an acoustic 
transducer, or an inductive transducer.
[0035] The sensing and detection module 63 and therapy module 64 
operate to perform the therapeutic and/or diagnostic functions of the IMD 12. In 
some embodiments, the sensing and detection module 63 senses signals related 
to tachycardia events (e.g., tachyarrhythmia) via one or more sensing electrodes 
on the lead 14, 16. The sensing and detection module 63 may also be operable 
to automatically determine the capture threshold of the heart 18 by providing a 
pacing stimulus to the heart 18 and sensing whether the stimulus results in a 
contraction of the heart 18. One example circuit arrangement that may be 
included in the sensing and detection module 63to determine the capture 
threshold of heart 18 is disclosed in United States Patent No. 7,092,756, entitled 
“Autocapture Pacing/Sensing Configuration,” which is incorporated herein by 
reference in its entirety.
[0036] In some embodiments, the therapy module 64 delivers a cardiac 
pacing and/or defibrillation stimulus to the heart 18 via one or more therapy 
electrodes on the lead 14, 16. The type and timing of therapy delivered by the 
therapy module 64 may be controlled by the controller 62. In some embodiments, 
the therapy delivery is based on sensed static and time-varying fields, as will be 
described in more detail below. In addition, the controller 62 may control 
operation of the therapy module 64 based on programmed therapy settings. The 
therapy module 64 is not limited to performing any particular type of physiologic

8
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therapy, and may be configured to perform other types of physiologic therapy, 
such as neurological measurements and therapy.
[0037] The static field detect module 68 senses the presence of the static 
magnetic fields associated with an MRI scan. In some embodiments, the static 
field detect module 68 includes a power inductor and a core saturation detector. 
When the power inductor saturates in the presence of a static MRI field, the 
inductance of the power inductor decreases, which is detected by the core 
saturation detector. One example module having such a configuration that is 
suitable for use in static field detect module 68 is disclosed in U.S. Patent No. 
7,509,167, entitled “MRI Detector for Implantable Medical Device,” which is 
incorporated herein by reference in its entirety. Any type of sensor or device may 
alternatively or additionally be incorporated into the static field detect module 68 
that is operable to detect the presence of static MRI fields.
[0038] The time-varying field detect module 70 senses the presence of the 
time-varying gradient magnetic fields and radio frequency (RF) electromagnetic 
fields associated with an MRI scan. The time-varying field detect module 70 may 
include a magnetometer or other device employable to detect the gradient field 
dB/dt (i.e., the time derivative of magnetic field B). In some embodiments, the 
magnetometer includes a Hall effect sensor, a magnetotransistor, a 
magnetodiode, a magneto-optical sensor, and/or a giant magnetoresistive sensor. 
The time-varying field detect module 70 may also include an electromagnetic 
sensor capable of detecting the presence of RF fields. For example, the time- 
varying field detect module 70 may include an electromagnetic interference (EMI) 
detector such as that described in U.S. Patent No. 5,697,958, entitled 
“Electromagnetic Noise Detector for Implantable Medical Devices,” which is herein 
incorporated by reference in its entirety.
[0039] According to some embodiments, the IMD 12 is configured to detect 
magnetic and electromagnetic fields generated by an MRI system and to control 
delivery of anti-tachycardia therapy from the therapy module 64 as a function of 
the detected fields. In particular, the IMD 12 detects the presence of the static 
and/or time-varying fields associated with an MRI procedure and automatically 
adjusts the types of therapy delivered to the heart 18 at various levels of MRI

9
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influence. This reduces the amount of power drawn from the energy storage 
device 60 due to failed shock therapy attempts when the IMD 12 is under high 
static field influence and avoids having to manually disable and enable different 
types of anti-tachycardia therapy before and after the MRI procedure.
[0040] FIG. 3 is a flow diagram of an exemplary process that may be 
employed by the IMD 12 to detect the fields generated by an MRI system and 
control delivery of anti-tachycardia therapy based on the detected fields. At step 
80, the IMD 12 is switched from a normal mode of operation to an MRI mode of 
operation. The IMD 12 may be programmed into the MRI mode by wirelessly 
sending a signal from an external programmer to the controller 62 via the 

communication module 66, for example. In some embodiments, the field detect 
modules 68 and 70 are active in both the normal mode and the MRI mode of 
operation. In other embodiments, switching the IMD 12 to the MRI mode activates 

the field detect modules 68 and 70 for detection of MRI scan fields.
[0041] The normal operational mode is the operational mode of the IMD 12 
as initially programmed. The MRI operational mode can refer to any operational 
mode of the IMD 12 that is a safe operational mode in the presence of EMI. For 
example, for a bradycardia engine in a tachycardia device, an MRI mode might be 
a fixed-rate and/or non-demand (or asynchronous) pacing mode as opposed to a 
rate-responsive and/or demand pacing mode. In some embodiments, an MRI 
mode can be both a non-demand mode (i.e., VOO) and a non-rate-responsive 
mode. Thus, in accordance with one embodiment, switching the IMD 12 to an 
MRI mode might entail switching the bradycardia engine to a VOO, AOO or DOO 
pacing mode. The mode to which the device is switched may depend on the 
original programmed mode of the device. For example, an IMD 12, which is 
normally programmed to a Dxx mode (i.e., DDDR, DDD, DDI, or DVI) would 
switch to DOO when in MRI the MRI mode. Similarly, a device programmed to 
Vxx mode would switch to VOO, and a device programmed to Axx mode would 
switch to AOO mode.
[0042] It should be noted that there may be other modes of operation that 
are considered safe in an MRI environment, so the present invention is not limited 
to the MRI modes discussed herein. Further, as one skilled in the art will

10
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appreciate, other types of IMDs will have different mode types that might be 
considered safe in an MRI environment, and those modes also are considered 
MRI modes for purposes of the present invention.
[0043] It should also be noted that step 80 applies to IMDs 12 that are 
programmed with an MRI mode. In embodiments in which the IMD 12 does not 
include an MRI mode, the IMD 12 may be configured such that the static field 
detect module 68 and the time-varying field detect module 70 are maintained in an 
enabled state such that the presence of static and/or time-varying fields would be 
detected without being programmed into an MRI mode.
[0044] At step 82, the static field detect module 68 detects the presence of 
static magnetic fields associated with an MRI procedure, and the time-varying field 
detect module 70 detects the presence of time-varying magnetic and 
electromagnetic fields associated with an MRI procedure. The step 82 is 
continuously performed throughout the process illustrated in FIG. 4. That is, the 
static and time-varying fields are continuously monitored such that the IMD 12 can 
continuously respond to the changing presence or absence of each of the fields. 
In some embodiments, the static field detect module 68 and time-varying field 
detect module 70 provide signals to the controller 62 related to the magnitude of 
the detected fields. The controller 62 may determine the magnitude of the 
gradient field by calculating the mean of dB/dt. In some embodiments, the time- 
varying field detect module 70 also provides signals to controller 62 related to 
other characteristics of the detected field, such as field frequency and the slew 
rate of the gradient magnetic field.
[0045] After detecting the presence of static and/or time-varying fields, 
then, at step 84, the controller 62 compares the sensed static and time-varying 
fields to static and time-varying field thresholds, respectively. The static and time- 
varying field thresholds may be stored or programmed in the controller 62. The 
time-varying field threshold may include a magnetic component for the gradient 
field and an electromagnetic component for the RF field. In some embodiments, 
the static and time-varying field thresholds are set based on common or expected 
magnetic and electromagnetic field levels in an MRI environment. This 
differentiates fields generated by an MRI system from those generated by other

11
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sources of magnetic and electromagnetic fields. In one exemplary embodiment, 
the static field threshold is about 0.2 T, and the gradient field component of the 
time-varying field threshold is about 10 T/s. The RF component of the time- 
varying field threshold may be a function of the presence of an RF field associated 
with an MRI procedure (e.g., 63.864 MHz or 127.728 MHz) in combination with 
the presence of an electric field having a threshold magnitude.
[0046] In decision step 86, if the time-varying field or fields detected by the 
time-varying field detect module 70 exceed the time-varying field threshold, then, 
in step 88, the IMD 12 disqualifies tachycardia events detected by the one or more 
sensing electrodes on the leads 14, 16. The presence of high time-varying fields 
indicates that an the IMD 12 is being subjected to an active MRI scan. The time- 
varying fields can induce a current on the leads 14, 16, which may cause the one 
or more sensing electrodes to incorrectly detect the occurrence of a tachycardia 
event. Consequently, when time-varying fields that exceed the time-varying 
threshold are detected, the IMD 12 disqualifies the tachycardia events detected by 
the sensing and detection module 63 as being unreliable. The process then 
returns to step 84 to compare the detected fields to the field thresholds.
[0047] If, in decision step 86, the time-varying fields detected by the time- 
varying field detect module 70 do not exceed the time-varying field threshold, 
then, in decision step 90, the controller 62 determines whether the static field 
detected by the static field detect module 68 exceeds the static field threshold. If 
the static field threshold is exceeded, then, in step 92, the controller 62 delivers 
anti-tachycardia pacing (ATP) therapy as programmed via one or more therapy 
delivery electrodes on leads 14, 16, but inhibits delivery of shock therapy through 
the leads 14, 16. The ATP therapy is delivered because tachycardia events 
detected by the leads in the absence of strong time-varying fields are reliable, and 
the static fields do not have a substantial effect on the delivery of the ATP therapy. 
However, in alternative embodiments, the controller 62 may be programmed to 
disable ATP therapy in the presence of a static field that exceeds the static field 
threshold. The ATP therapy delivery program may also be selected or changed 
by a clinician by communicating with the controller 62 via the communication 
module 66.
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[0048] Delivery of shock therapy is inhibited in the presence of a strong 
static field because the strong field may saturate materials associated with the 
power components of the IMD 12 (e.g., inductors in the energy storage device 
60). Under saturation conditions, the time to charge the high voltage capacitor(s) 
to maximum energy can be protracted, or the maximum energy may not be 
attainable. Consequently, in order to prevent delayed or failed delivery of the 
shock therapy, the controller 62 inhibits delivery of shock therapy in the presence 
of a static field that exceeds the static field threshold.
[0049] If the static field threshold is not exceeded in step 90, then, in step 
94, the controller 62 delivers ATP and/or shock therapy as programmed when 

tachycardia events are detected by the one or more sensing electrodes. Thus, 
the controller 62 adjusts delivery of ATP and/or shock therapy automatically based 
on the type and magnitude of fields detected by the field detector modules 68, 70. 
This assures that safe and reliable anti-tachycardia therapy is provided to the 
patient for the maximum amount of time when the patient is subjected to MRI 
fields.
[0050] In embodiments of the IMD 12 that includes an MRI mode of 
operation, the IMD 12 may subsequently return to the normal mode of operation, 
in step 96. In some embodiments, the controller 62 automatically switches the 
IMD 12 to the normal mode of operation when the detected static field falls below 
the static field threshold. In alternative embodiments, the static field threshold at 
which the IMD 12 returns to the normal mode of operation is different than the 
static field threshold discussed above with regard to decision step 90. The switch 
to the normal mode of operation may also be further triggered by the detection of 
a tachycardia event after the static field drops below a threshold level.
[0051] In summary, embodiments of the present invention relate to an 
implantable medical device (IMD) including a lead having one or more sensing 
electrodes and one or more therapy delivery electrodes. The IMD also includes a 
sensor configured to detect the presence of static and time-varying scan fields in a 
magnetic resonance imaging (MRI) environment. The IMD further includes a 
controller, in electrical communication with the lead and the sensor, configured to 
process signals related to tachycardia events sensed via the one or more sensing
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electrodes and to deliver pacing and shock therapy signals via the one or more 
therapy delivery electrodes. The controller is also configured to compare the 
sensed static and time-varying scan fields to static and time-varying scan field 
thresholds. The controller controls delivery of anti-tachycardia pacing and shock 
therapy signals as a function of the detected tachycardia events, the comparison 
of the sensed static scan field to the static scan field threshold, and the 
comparison of the time-varying scan fields to the time-varying scan field 
thresholds. An IMD having this configuration controls the type of anti-tachycardia 
therapy delivered to the patient at various levels of MRI influence, reduces the 
power draw on the IMD battery due to failed shock therapy attempts, and avoids 
having to manually disable and enable anti-tachycardia therapy before and after 
the MRI procedure.
[0052] Various modifications and additions can be made to the exemplary 
embodiments discussed without departing from the scope of the present 
invention. For example, while the embodiments described above refer to 
particular features, the scope of this invention also includes embodiments having 
different combinations of features and embodiments that do not include all of the 
described features. Accordingly, the scope of the present invention is intended to 
embrace all such alternatives, modifications, and variations as fall within the 
scope ofthe claims, together with all equivalents thereof.
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CLAIMS

1. An implantable medical device (IMD) comprising:

a lead including one or more sensing electrodes and one or more therapy 

delivery electrodes;

a sensor configured to detect the presence of static and time-varying scan 

fields in a magnetic resonance imaging (MRI) environment; and

a controller, in electrical communication with the lead and the sensor,

configured to process signals related to tachycardia events sensed via 

the one or more sensing electrodes and to deliver pacing and shock 

therapy signals via the one or more therapy delivery electrodes, the 

controller further configured to compare the sensed static and time- 

varying scan fields to static and time-varying scan field thresholds, 

wherein the controller controls delivery of anti-tachycardia pacing and 

shock therapy signals as a function of the detected tachycardia events, 

the comparison of the sensed static scan field to the static scan field 

threshold, and the comparison of the time-varying scan fields to the 
time-varying scan field thresholds,

wherein the controller processes sensed tachycardia events, enables delivery 

of the anti-tachycardia pacing signals, and inhibits delivery of the shock 

therapy signals when the static scan field threshold is exceeded and 

the time-varying scan field thresholds is not exceeded, and

wherein the controller disqualifies the tachycardia events to inhibit delivery of 

the anti-tachycardia pacing and shock therapy signals when both the 

static and time-varying scan field thresholds are exceeded.

2. The IMD of claim 1, wherein the controller processes sensed tachycardia 

events and enables delivery of the anti-tachycardia pacing and shock therapy signals 

when the neither of the static and time-varying scan field thresholds is exceeded.

3. The IMD of claim 1, wherein the controller is operable to switch the IMD 

between a normal mode and an MRI mode, and wherein the sensor is disabled in 

the normal mode and the sensor is enabled in the MRI mode.

8171048 15
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4. The IMD of claim 3, wherein the controller automatically switches the IMD from the MRI 

mode to the normal mode when the static scan field is less than the static scan field threshold.

5. The IMD of claim 1, wherein the controller further controls delivery of anti-tachycardia 

pacing and shock therapy signals as a function of programmed therapy settings.

6. A method for operating an implantable medical device (IMD), the method comprising:
sensing static and time-varying scan fields in a magnetic resonance imaging (MRI) 

environment;

comparing the sensed static and time-varying scan fields to static and time-varying scan 

field thresholds;

detecting signals related to tachycardia events; and
controlling delivery of anti-tachycardia pacing and shock therapy signals as a function of 

the detected tachycardia events, the comparison of the sensed static scan field 

to the static scan field threshold, and the comparison of the time-varying scan 

fields to the time-varying scan field thresholds wherein:

the controlling step comprises delivering the anti-tachycardia pacing signals and

inhibiting the shock therapy signals when a signal related to a tachycardia event 

is detected and the static scan field threshold is exceeded and the time-varying 

scan field threshold is not exceeded, and

the controlling step comprises inhibiting the anti-tachycardia pacing and shock therapy 

signals when both of the static and time-varying scan field thresholds are 

exceeded.

7. The method of claim 6, wherein the controlling step comprises:

9049162 1
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delivering anti-tachycardia pacing and/or shock therapy signals when a

tachycardia event is detected and neither of the static and time-varying 

scan field thresholds is exceeded.

8. The method of claim 6, wherein the controlling step comprises:

disqualifying detected tachycardia events to inhibit the anti-tachycardia pacing 

and shock therapy signals when the static and time-varying scan field 

thresholds are exceeded.

9. The method of claim 6, wherein the controlling step further comprises 

controlling delivery of anti-tachycardia pacing and shock therapy signals as a 

function of programmed therapy settings.

10. The method of claim 6, wherein, prior to the sensing step, the method further 

comprises:

switching the IMD from a normal mode to an MRI mode.

11. The method of claim 10, and further comprising:

automatically switching the IMD from the MRI mode to the normal mode when 

the static scan field is less than the static scan field threshold.

12. A method for operating an implantable medical device (IMD), the method 

comprising:

sensing static and time-varying scan fields in a magnetic resonance imaging 

(MRI) environment:

comparing the sensed static and time-varying scan fields to static and time- 

varying scan field thresholds;

detecting signals related to tachycardia events; and

controlling delivery of anti-tachycardia pacing and shock therapy signals,

wherein the controlling step comprises: 

delivering anti-tachycardia pacing and/or shock therapy signals when a

tachycardia event is detected and neither of the static and time-varying 

scan field thresholds is exceeded;
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delivering the anti-tachycardia pacing signals and inhibiting delivery of the 

shock therapy signals when signals related to a tachycardia event is 

detected and the static scan field threshold is exceeded and the time- 

varying scan field thresholds are not exceeded; and

inhibiting delivery of the anti-tachycardia pacing and shock therapy signals 

and disqualifying detected tachycardia events when the static and time 

varying scan field thresholds are exceeded.

13. The method of claim 12, wherein, prior to the sensing step, the method further 

comprises:

switching the IMD from a normal mode to an MRI mode.

14. The method of claim 13, and further comprising:

automatically switching the IMD from the MRI mode to the normal mode when 

the static scan field is less than the static scan field threshold.

15. The method of claim 12, wherein the controlling step further comprises 
controlling delivery of anti-tachycardia pacing and shock therapy signals as a 

function of programmed therapy settings.

Cardiac Pacemakers, Inc.
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DELIVER ANTI-TACHYCARDIA PACING 
THERAPY AS PROGRAMMED AND 

PREVENT DELIVERY OF SHOCK THERAPY

SWITCH THE IMD FROM THE MRI 
MODE TO THE NORMAL MODE


