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ous ventricular depolarization corresponding to the previous atrial depolarization
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CARDIAC PACING DURING MEDICAL PROCEDURES

TECHNICAL FIELD

This disclosure relates generally to cardiac pacing during medical procedures.

BACKGROUND

A wide variety of implantable medical systems that deliver a therapy or monitor a
physiologic condition of a patient have been clinically implanted or proposed for clinical
implantation in patients. The implantable medical system may include an implantable
medical lead connected to an implantable medical device (IMD). For example,
implantable leads are commonly connected to implantable pacemakers, defibrillators,
cardioverters, or the like, to form an implantable cardiac system that provides electrical
stimulation to the heart or sensing of electrical activity of the heart. The electrical
stimulation pulses can be delivered to the heart and the sensed electrical signals can be
sensed by electrodes disposed on the leads, e.g., typically near distal ends of the leads.

Patients that have implantable medical systems may benefit, or even require,
various medical imaging procedures to obtain images of internal structures of the patient.
One common medical imaging procedure is magnetic resonance imaging (MRI). MRI
procedures may generate higher resolution and/or better contrast images (particularly of
soft tissues) than other medical imaging techniques. MRI procedures also generate these
images without delivering ionizing radiation to the body of the patient, and, as a result,
MRI procedures may be repeated without exposing the patient to such radiation.

During an MRI procedure, the patient or a particular part of the patient’s body is
positioned within an MRI device. The MRI device generates a variety of magnetic and
electromagnetic fields to obtain the images of the patient, including a static magnetic field,
gradient magnetic fields, and radio frequency (RF) fields. The static magnetic field may
be generated by a primary magnet within the MRI device and may be present prior to
initiation of the MRI procedure. The gradient magnetic fields may be generated by
electromagnets of the MRI device and may be present during the MRI procedure. The RF
fields may be generated by transmitting/receiving coils of the MRI device and may be
present during the MRI procedure. If the patient undergoing the MRI procedure has an

implantable medical system, the various fields produced by the MRI device may have an
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effect on the operation of the implantable medical system. As such, the IMD is typically
configured into an MR conditional operating mode prior to the MRI scan to reduce, and

possibly eliminate, the effect on the operation of the IMD.

SUMMARY

Current clinical practice is to select a pacing therapy program for use during the
MR conditional mode that provides asynchronous pacing for pacemaker-dependent
patients at a rate above the intrinsic rate of the patient and to limit the duration of the
asynchronous pacing. However, there is a possibility that the condition of the patient
could change during the period of time their pacemaker is programmed to an
asynchronous pacing mode. For example, some patients may experience an increase in
their intrinsic heart rate during asynchronous pacing (e.g., due to increased anxiety when
in the bore of an MRI scanner), which could result in competitive pacing. The pacing
techniques of this disclosure provide a mechanism to reduce the likelihood of competitive
pacing by decreasing the intrinsic heart rate during pacing therapy programs that provide
pacing independent of underlying cardiac activity. In addition, pacing at a rate closer to
the intrinsic heart rate of the patient could reduce the likelihood of symptoms that are
sometimes induced by asynchronous pacing at higher rates.

In accordance with the techniques of this disclosure, the pacing therapy program
utilized during the MR conditional mode provides an atrial pacing pulse after the atrial
refractory period of a previous atrial depolarization expires, but prior to expiration of the
ventricular refractory period of a ventricular depolarization corresponding to the previous
atrial depolarization. The result of the atrial pacing pulse after the atrial refractory period
of the previous atrial depolarization and before the expiration of the ventricular refractory
period is two atrial depolarizations during a single cardiac cycle. Such a technique may be
utilized when the pacing therapy program of the MR conditional mode is a synchronous
pacing therapy program or a therapy pacing program that provides pacing independent of
the underlying cardiac activity.

In one example, this disclosure is directed to an implantable medical device that
includes a therapy module configured to generate pacing therapy for a heart of a patient
and a control module configured to detect a condition indicative of the presence of a

magnetic resonance imaging (MRI) device, switch operation from a first pacing therapy
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program to a second pacing therapy program in response to detecting the condition
indicative of the presence of the MRI device, and while operating in the second pacing
therapy program, control the therapy module to generate a pacing pulse to an atrium of the
heart of the patient during a time period between the end of an atrial refractory period of a
previous atrial depolarization and the end of a ventricular refractory period of a previous
ventricular depolarization corresponding to the previous atrial depolarization.

In another example, this disclosure is directed to a method that includes operating
an implantable medical device (IMD) in a first pacing therapy program, detecting a
condition indicative of the presence of a magnetic resonance imaging (MRI) device,
switching operation of the IMD from the first pacing therapy program to a second pacing
therapy program in response to detecting the condition indicative of the presence of the
MRI device, and while operating in the second pacing therapy program, delivering a
pacing pulse to an atrium of a heart of a patient during a time period between the end of an
atrial refractory period of a previous atrial depolarization and the end of a ventricular
refractory period of a previous ventricular depolarization corresponding to the previous
atrial depolarization.

In a further example, this disclosure is directed to a computer-readable storage
medium comprising instructions, that when executed, cause a processor to detect a
condition indicative of the presence of a magnetic resonance imaging (MRI) device,
switch operation of the IMD from a first pacing therapy program to a second pacing
therapy program in response to detecting the condition indicative of the presence of the
MRI device, and while operating in the second pacing therapy program, deliver a pacing
pulse to an atrium of a heart of a patient during a time period between the end of an atrial
refractory period of a previous atrial depolarization and the end of a ventricular refractory
period of a previous ventricular depolarization corresponding to the previous atrial
depolarization.

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
techniques as described in detail within the accompanying drawings 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual diagram illustrating a magnetic resonance imaging (MRI)
environment that includes an MRI device.

FIG. 2 is a conceptual diagram of an example implantable medical system that
provides electrical stimulation therapy to a heart of a patient.

FIG. 3 is a functional block diagram of an example configuration of electronic
components of an implantable medical device.

FIGs. 4A and 4B are marker channel diagrams illustrating example pacing therapy
programs utilized during the normal mode and the MR conditional mode, respectively.

FIG. 5 is a flow diagram illustrating example operation of an implantable medical

device operating in accordance with the techniques of this disclosure.

DETAILED DESCRIPTION

FIG. 1 is a conceptual diagram illustrating a magnetic resonance imaging (MRI)
environment 10 that includes an MRI device 16. MRI device 16 may include a patient
table on which patient 12 is placed prior to and during an MRI scan. The patient table is
adjusted to position at least a portion of patient 12 within a bore of MRI device 16 (the
“MRI bore”). While positioned within the MRI bore, patient 12 is subjected to a number
of magnetic and RF fields to produce images of the portion of the body within the bore for
diagnosing injuries, diseases, and/or disorders.

MRI device 16 includes a scanning portion that houses a primary magnet of MRI
device 16 that generates a static MRI field. The static MRI field is a large non time-
varying magnetic field that is typically always present around MRI device 16 whether or
not an MRI scan is in progress. MRI device 16 also includes a plurality of gradient
magnetic field coils that generate gradient magnetic fields. Gradient magnetic fields are
pulsed magnetic fields that are typically only present while the MRI scan is in progress.
MRI device 16 further includes one or more RF coils that generate RF fields. RF fields
are pulsed high frequency fields that are also typically only present while the MRI scan is
n progress.

The magnitude, frequency or other characteristic of the static MRI field, gradient

magnetic fields and RF fields may vary based on the type of MRI device 16 producing the
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field or the type of MRI procedure being performed. A 1.5 T MRI device, for example,
will produce a static magnetic field of approximately 1.5 Tesla and have a corresponding
RF frequency of approximately 64 megahertz (MHz) while a 3.0 T MRI device will
produce a static magnetic field of approximately 3.0 Tesla and have a corresponding RF
frequency of approximately 128 MHz. However, other MRI devices may generate fields
of different magnitude or frequency.

Patient 12 is implanted with an implantable medical system 14. Implantable
medical system 14 may include an IMD connected to one or more leads. FIG. 2 is a
conceptual diagram of an example implantable medical system 14 that provides electrical
stimulation therapy to a heart 32 of patient 12. Heart 32 includes four chambers, namely
the right atrium (RA), left atrium (LA), right ventricle (RV), and left ventricle (LV). A
cardiac cycle commences with the generation of a depolarization impulse within the right
atrium. In a normally functioning heart, the depolarization impulse is generated
intrinsically. In a heart with electrical abnormalities, the depolarization may be generated
by delivery of a pacing pulse to the atrium. The impulse then conducts through the right
atrium to the left atrium and, after a short delay (e.g., approximately 50 milliseconds), the
atria contract to push blood into the ventricles. The depolarization impulse continues to
conduct down the heart to the right and left ventricles to cause the ventricles to contract
pushing blood to the lungs and the rest of the body, respectively. In a heart with electrical
abnormalities, the impulse in the atria may not conduct to the ventricles. In this case, the
depolarization in the ventricles may also be generated by delivery of a pacing pulse to the
ventricle(s).

After the contractions of the chambers, the respective chambers of the heart
repolarize, during which the chambers of heart 32 are refractory. During the refractory
period the chambers will either not depolarize in response to an electrical impulse
(sometimes referred to as absolute refractory) or will only depolarize in response to a
strong stimulus and/or the depolarization may be depressed (sometimes referred to as
relative refractory period).

Implantable medical system 14 includes an IMD 26 connected to leads 28 and 30
to deliver electrical stimulation (e.g., pacing pulses) to one or more chambers of heart 32.
In the example illustrated in FIG. 2, lead 28 is implanted within a right ventricle of heart
32 and lead 30 is implanted within a right atrium of heart 32. In one example, IMD 26
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may be an implantable pacemaker that provides cardiac pacing to heart 32. In other
examples, IMD 26 may be an implantable cardiac device that provides other electrical
stimulation therapy in addition to pacing therapy, such as an implantable cardioverter
defibrillator (ICD) or a cardiac resynchronization therapy defibrillator (CRT-D).

IMD 26 includes a housing 34 and a connector block 36. Housing 34 and
connector block 36 may form a hermetic seal that protects components of IMD 26. In
some examples, housing 34 may comprise a metal or other biocompatible enclosure
having separate halves. Connecter block 36 may include electrical feedthroughs, through
which electrical connections are made between conductors within leads 28 and 30 and
electronic components included within housing 34. As will be described in further detail
herein, housing 34 may house one or more processors, memories, transmitters, receivers,
sensors, sensing circuitry, therapy circuitry and other appropriate components. Housing
34 is configured to be implanted in a patient, such as patient 12.

Leads 28 and 30 each include one or more electrodes. In the example illustrated in
FIG. 2, leads 28 and 30 each include tip electrodes 38 and 40 and ring electrodes 42 and
44 located near a distal end of their respective leads 28 and 30. When implanted, tip
electrodes 38 and 40 and/or ring electrodes 42 and 44 are placed relative to or in a selected
tissue, muscle, nerve or other location within the patient 12. Although leads 28 and 30 are
illustrated as including respective tip and ring electrodes, in other examples, one or both of
leads 28 or 30 (or other lead) may include one or more than two electrodes. For example,
a quadripolar lead may be provided that includes four electrodes (e.g., a hemispherical tip
electrode and three ring electrodes or four ring-type electrodes) for use in multi-pole
pacing applications.

In the example illustrated in FIG. 2, tip electrodes 38 and 40 are extendable
helically shaped electrodes to facilitate fixation of the distal end of leads 28 and 30 to the
target location within patient 12. In this manner, tip electrodes 38 and 40 are formed to
define a fixation mechanism. In other embodiments, one or both of tip electrodes 38 and
40 may be formed to define fixation mechanisms of other structures. In other instances,
leads 28 and 30 may include a fixation mechanism separate from tip electrode 38 and 40.
For example, tip electrode 38 may take a different shape, such as a hemispherical
electrode, and fixation mechanisms can be any appropriate type, including a grapple

mechanism, a helical or screw mechanism, a drug-coated connection mechanism in which



10

15

20

25

30

WO 2014/058611 PCT/US2013/061364

the drug(s) serves to reduce infection and/or swelling of the tissue, or other attachment
mechanism.

One or more conductors (not shown in FIG. 2) extend within leads 28 and 30 from
connector block 36 along the length of the lead to engage respective tip electrodes 38 and
40 and ring electrode 42 and 44. In this manner, each of electrodes 38, 40, 42 and 44 is
electrically coupled to at least one respective conductor within its associated lead body.
For example, a first electrical conductor can extend along the length of the body of lead 28
from connector block 36 and electrically couple to tip electrode 38 and a second electrical
conductor can extend along the length of the body of lead 28 from connector block 36 and
electrically couple to ring electrode 42. The respective conductors may electrically couple
to circuitry, such as a therapy module or a sensing module, of IMD 26 via connections in
connector block 36. The electrical conductors transmit therapy from the therapy module
within IMD 26 to one or more of electrodes 38, 40, 42, and 44 and transmit sensed
electrical signals from one or more of electrodes 38, 40, 42, and 44 to the sensing module
within IMD 26.

In addition to providing cardiac pacing, IMD 26 may provide other electrical
stimulation therapy, such as defibrillation, cardiac resynchronization, or cardioversion
therapy. In this case, leads 28 and 30 may include additional electrodes. For example,
one or both of leads 28 and 30 may include one or more clongated electrodes, which may,
in some instances, take the form of a coil. IMD 26 may deliver defibrillation or
cardioversion shocks to the heart via any combination of the elongated electrodes and
housing electrode.

In addition to more or fewer electrodes on leads 28 or 30, implantable medical
system 14 may include more or fewer leads extending from IMD 26. For example, IMD
26 may be coupled to a third lead implanted within a left ventricle of heart 32 of patient
12. In another example, IMD 22 may be coupled to a single lead that is implanted within
an atrium of heart 32 of patient 12. As such, IMD 26 may be used for single chamber or
multi-chamber cardiac rhythm management therapy. Additionally, leads 28 and/or 30 may
not be implanted within heart 32 of patient 12, as is the case with epicardial leads. In
other embodiments, IMD 26 may not be coupled to any leads, as is the case for a leadless

pacemaker.
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Some or all of the various types of fields produced by MRI device 16 may have
undesirable effects on implantable medical system 14. In one example, the gradient
magnetic fields and/or the RF fields generated during the MRI scan may induce energy on
the conductors of leads 28 or 30 (e.g., in the form of a current). The induced energy on
leads 28 or 30 may be conducted to IMD 26 and inappropriately detected as physiological
signals, a phenomenon often referred to as oversensing. The detection of the induced
energy on the leads 28 or 30 as physiological signals may result in IMD 26 delivering
therapy when it is not desired (e.g., triggering a pacing pulse) or withholding therapy when
it is desired (e.g., inhibiting a pacing pulse) when operating in the normal operating mode.

To reduce the adverse effects that may be caused by the fields of MRI device 16,
IMD 26 is configured to operate in an MR conditional operating mode or MR conditional
mode in accordance with the techniques of this disclosure. Operation of IMD 26 in the
“MR conditional mode” may refer to an operating state of IMD 26 that it is less
susceptible to being adversely affected by the gradient magnetic fields and RF fields
emitted by MRI device 16 than the “normal mode” of operation. When operating in the
MR conditional mode, IMD 26 is configured to operate with different functionality
compared to the normal mode of operation.

Current clinical practice is to select a pacing therapy program for use during the
MR conditional mode that provides asynchronous pacing for pacemaker-dependent
patients at a rate above the intrinsic rate of patient 12 and to limit the duration of the
asynchronous pacing. However, there is a possibility that the condition of patient 12 could
change during the period of time their pacemaker is programmed to an asynchronous
pacing mode. For example, some patients may experience an increase in their intrinsic
heart rate during asynchronous pacing (e.g., due to increased anxiety when in the bore of
an MRI scanner), which could result in competitive pacing. The pacing techniques of this
disclosure provide a mechanism to reduce the likelihood of competitive pacing by
decreasing the intrinsic heart rate during pacing therapy programs that provide pacing
independent of underlying cardiac activity. In addition, pacing at a rate closer to the
intrinsic heart rate of patient 12 could reduce the likelihood of symptoms that are
sometimes induced by asynchronous pacing at higher rates.

In accordance with the techniques of this disclosure, the pacing therapy program

utilized during the MR conditional mode provides an atrial pacing pulse after the atrial
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refractory period of a previous atrial depolarization expires, but prior to expiration of the
ventricular refractory period of a ventricular depolarization corresponding to the previous
atrial depolarization. The result of the atrial pacing pulse after the atrial refractory period
of the previous atrial depolarization and before the expiration of the ventricular refractory
period is two atrial depolarizations during a single cardiac cycle. Such a technique may be
utilized when the pacing therapy program of the MR conditional mode is a synchronous
pacing therapy program or a therapy pacing program that provides pacing independent of
the underlying cardiac activity. IMD 26 may be configured to use other sensors (e.g., a
pressure or acceleration sensor), different sense circuitry, or different sense algorithms to
more accurately detect cardiac activity of patient 12 such that synchronous pacing may be
provided while operating in the MR conditional mode.

In addition to adjustments to the pacing and sensing functionality, IMD 26 may
also be configured to turn off high voltage therapy (e.g., defibrillation therapy) while
operating in the MR conditional mode, to turn off telemetry functionality during operation
in the MR conditional mode, and/or to make other adjustments. By configuring IMD 26
into the MR conditional mode, patient 12 having implanted medical system 14 may
receive an MRI procedure with a reduced likelihood of interference with operation of IMD
26.

IMD 26 may transition to the MR conditional mode automatically, ¢.g., in response
to detecting the presence of MRI device 16, or manually, e.g., in response from a
command from an external programming device. After the MRI procedure is complete,
IMD 26 transitions back to the normal mode of operation. IMD 26 may automatically
revert to the normal mode of operation in response to no longer detecting the presence of
MRI device 16, after expiration of a timer, or in response to some other predefined
criteria, or a combination thereof. Alternatively, IMD 26 may be manually programmed
into the normal mode of operation via a command received from the external
programming device via wireless telemetry.

Implantable medical system 14 is also illustrated in FIG. 2 in conjunction with an
external device 22, such as an external programmer. IMD 26 may communicate with
external device 22 using any of a variety of wireless communication techniques known in
the art. Examples of communication techniques may include, for example, low frequency

inductive telemetry or RF telemetry, although other techniques are also contemplated.
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Programmer 22 may be a handheld computing device, desktop computing device, a
networked computing device, or other computing device configured to communicate with
IMD 26. Programmer 22 may include a non-transitory computer-readable storage medium
containing instructions that, when executed, cause a processor of external device 22 to
provide the functions attributed to external device 22 in the present disclosure.

External device 22 retrieves data from IMD 26. Data retrieved from IMD 26 using
external device 22 may include cardiac EGMs stored by IMD 26 that indicate electrical
activity of heart 32. Data may also include marker channel data that indicates the
occurrence and timing of sensing, diagnosis, and therapy events associated with IMD 26.
Additionally, data may include information regarding the performance or integrity of IMD
26 or other components of implantable medical system 14, such as leads 28 and 30, or a
power source of IMD 26. External device 22 may also transfer data to IMD 26. Data
transferred to IMD 26 using external device 22 may include, for example, values for
operational parameters, electrode selections used to deliver electrical stimulation,
waveform selections used for electrical stimulation, configuration parameters for detection
algorithms, or the other data. Although not illustrated in FIG. 2, IMD 26 may
communicate with other devices not implanted within patient 12, such as a patient
monitor.

FIG. 3 is a functional block diagram of an example configuration of electronic
components of IMD 26. IMD 26 includes a control module 50, sensing module 52,
therapy module 54, MRI detection module 56, communication module 58, and memory
60. The electronic components may receive power from a power source (not shown in
FIG. 3), which may be a rechargeable or non-rechargeable battery. In other embodiments,
IMD 26 may include more or fewer electronic components. Additionally, any of the
described modules may be implemented together on a common hardware component or
separately as discrete but interoperable hardware or software components. Depiction of
different features as modules is intended to highlight different functional aspects and does
not necessarily imply that such modules must be realized by separate hardware or software
components. Rather, functionality associated with one or more modules may be
performed by separate hardware or software components, or integrated within common or

separate hardware or software components.
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Therapy module 54 is configured to generate and deliver electrical stimulation
therapy to heart 32. Therapy module 54 may include one or more pulse generators,
capacitors, and/or other components capable of generating and/or storing energy to deliver
as pacing pulses. Control module 50 may control therapy module 54 to generate electrical
stimulation therapy and deliver the generated therapy to heart 32 via one or more
combinations of electrodes 38, 40, 42, 44, and an indifferent housing electrode according
to one or more therapy programs, which may be stored in memory 60. Control module 50
controls therapy module 54 to generate electrical pacing pulses with the amplitudes, pulse
widths, timing, frequencies, electrode combinations or electrode configurations specified
by a selected therapy program.

Therapy module 54 may deliver pacing pulses via a bipolar electrode configuration
using pairs of tip and ring electrodes, such as tip and ring electrodes 38 and 42 of lead 28
or tip and ring electrodes 40 and 44 of lead 30. In other instances, therapy module 54 may
deliver pacing pulses via a unipolar electrode configuration, e.g., using electrodes 38 and
40 in combination with a housing electrode of IMD 26. Therapy module 54 may include a
switch module (not shown) that control module 50 may configure to select which of the
available electrodes are used to deliver the stimulation therapy. Therapy module 54 may
deliver one or more of these types of stimulation in the form of other signals besides
pulses or shocks, such as sine waves, square waves, or other substantially continuous
signals. In addition to pacing pulses, therapy module 54 may be configured to generate
and deliver other forms of electrical stimulation therapy to heart 32, such as cardiac
resynchronization pacing pulses, cardioversion pulses, or defibrillation pulses, under to the
control of control module 50.

Sensing module 52 is electrically coupled to some or all of electrodes 38, 40, 42,
and 44 via the conductors of leads 28 and 30, or to the housing electrode via conductors
internal to housing 26. Sensing module 52 is configured to obtain signals sensed via one
or more combinations of electrodes 38, 40, 42, and 44 and the housing electrode and
process the obtained signals. The components of sensing module 52 may be analog
components, digital components or a combination thereof. Sensing module 52 may, for
example, include one or more sense amplifiers, filters, rectifiers, threshold detectors,
analog-to-digital converters (ADCs) or the like. Sensing module 52 may convert the

sensed signals to digital form and provide the digital signals to control module 50 for

11



10

15

20

25

30

WO 2014/058611 PCT/US2013/061364

processing or analysis. For example, sensing module 52 may amplify signals from the
sensing electrodes and convert the amplified signals to multi-bit digital signals by an
ADC. Sensing module 52 may also compare processed signals to a threshold to detect the
existence of atrial or ventricular depolarizations (e.g., P- or R-waves) and indicate the
existence of the atrial depolarization (e.g., P-waves) or ventricular depolarizations (e.g., R-
waves) to control module 50.

Control module 50 may process the signals from sensing module 52 to monitor
electrical activity of heart 32 of patient 12. Control module 50 may store signals obtained
by sensing module 52 as well as any generated EGM waveforms, marker channel data or
other data derived based on the sensed signals in memory 60. Control module 50 may
analyze the EGM waveforms and/or marker channel data to detect cardiac events (e.g.,
tachyarrhythmias). In further examples, sensing module 52 is coupled to one or more
sensors that are not included on leads 28 or 30, ¢.g., via a wired or wireless coupling.
Such sensors may include pressure sensors, accelerometers, flow sensors, blood chemistry
sensors, activity sensors, magnetic field sensors or other types of physiological sensors.
These additional sensors may be used in conjunction with or separately to monitor the
electrical activity of heart 32 of patient 12 and/or other aspect of the general cardiac health
of patient 12.

Control module 50 may, in some instances, control pacing therapy provided by
therapy module 54 as a function of the sensed electrical signals. Control module 50 may
utilize the sensed electrical signals obtained by sensing module 52 (or lack of sensed
electrical signals) to trigger delivery of pacing pulses and/or inhibit delivery of pacing
pulses. In other instances, control module 50 may control pacing therapy without regard
to the sensed electrical signals on leads 28 and 30.

As described above, the RF and/or gradient magnetic fields produced by MRI
device 16 may have undesirable effects on implantable medical system 14. As such,
control module 50 is configured to operate IMD 26 in an MR conditional mode when
exposed to MRI device 16 or other device or environment having fields that may have
undesirable effects on operation of implantable medical system 14.

Control module 50 may automatically configure IMD 26 to operate the MR
conditional mode in response to detecting a condition indicative of the presence of MRI

device 16. MRI detection module 56 of IMD 26 may, for example, include one or more
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sensors or be coupled to one or more sensors that monitor for one or more particular
characteristics associated with the presence of MRI device 16, e.g., one or more
characteristics associated with the static or gradient magnetic fields and/or the RF fields
generated by MRI device 16. Control module 50 may use information provided by MRI
detection module 56 alone or in conjunction with other information to detect the condition
indicative of the presence of MRI device 16. MRI detection module 56 may include any
type of sensor that provides information indicative of the characteristics of the MRI device
including, but not limited to one or more of a Hall effect sensor, a reed switch, a magnetic
gradient sensor, an antenna, a radiofrequency (RF) sensing device, or other sensors or
combination of sensors.

In one example, MRI detection module 56 may include a magnetic field sensor
having an output that varies as a function of the magnitude of a magnetic field to which it
is exposed and control module 50 may analyze the output of the magnetic field sensor and
detect presence of MRI device 16. In this case, control module 50 may detect the presence
of MRI device 16 when the magnitude of the magnetic field exceeds a threshold field
strength, ¢.g., the magnetic field exceeds 1.0 Tesla. In another example, the MRI
detection module 56 may analyze more than one parameter, such as the strength of the
magnetic field and a frequency of an RF field or the directionality of the magnetic field.
In this case, control module 50 may detect the presence of MRI device 16 when any
magnetic field is detected in conjunction with the presence of RF fields having frequencies
of 64 or 128 MHz. In other instances, control module 50 may make the determination
based on other information from MRI detection module 56 in addition to or instead of the
magnetic field strength.

In some embodiments, IMD 26 may not include an MRI detection module 56.
Instead, control module 50 may obtain, via antenna 62 and communication module 58, a
communication from an external device (e.g., external device 22 of FIG. 2 or MRI device
16 of FIG. 1) indicating that IMD 26 is being exposed to or will soon be exposed to MRI
device 16. For example, control module 50 may receive a command to switch to the MR
conditional operating mode. In this case, the communication or command from external
device 22 may be considered the condition indicative of the presence of MRI device 16.

Communication module 58 includes any suitable hardware, firmware, software or

any combination thereof for communicating with another device, such as external device
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22 or MRI device 16, by wireless telemetry. For example, communication module 58 may
include appropriate modulation, demodulation, frequency conversion, filtering, and
amplifier components for transmission and reception of data with the aid of antenna 62.
Antenna 62 may be located within connector block 36 of IMD 26 or within housing 34 of
IMD 26. In one example, antenna 62 may be an inductive coil antenna within housing 34
of IMD 26. In another example, antenna 62 may be an RF antenna located within
connector block 36 and coupled to communication module 58 via a feedthrough. In a
further example, IMD 26 may include both an inductive coil antenna and an RF antenna
coupled to communication module 58 or other antenna located within or outside of
housing 34.

In response to the output of MRI detection module 56 indicating presence of MRI
device 16 or in response to a communication received from a programmer to configure the
MR conditional operating mode, control module 50 transitions operation of IMD 26 from
a current operating mode (e.g., a normal operating mode) to the MR conditional mode.
The MR conditional mode may include a pacing therapy program that provides pacing
therapy independent of underlying cardiac activity or a synchronous pacing therapy
program (e.g., in instances in which sensing module 52 is capable of reliable sensing
during exposure to fields of MRI device 16) that provides pacing therapy based on the

underlying cardiac activity.

Regardless of whether the MR conditional mode provides pacing therapy as a
function of the underlying cardiac activity, control module 50 is configured to control
therapy module 54 to generate and deliver an atrial pacing pulse (e.g., via one or more of
electrodes 40 or 44 of lead 30 and/or the indifferent housing electrode) after expiration of
the atrial refractory period associated with a previous atrial depolarization, but before
expiration of the ventricular refractory period associated with the ventricular

depolarization associated with the previous atrial depolarization.

Control module 50 controls therapy module 54 to provide the atrial pacing pulse
via one or both of electrodes 40 and 44 and/or the housing electrode during a defined time
window. The defined time window extends from the point at which the atrial tissue to be

stimulated becomes non-refractory up to the point at which the stimulated atrial
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depolarization could propagate to the ventricles to cause a ventricular depolarization. In
other words, the time period extends from the end of the atrial refractory period of the
previous atrial depolarization to the end of the ventricular refractory period of the

corresponding ventricular depolarization.

Refractory period timing and durations may vary with the individual and with the
underlying heart rhythm, and thus the duration of the time window will also vary.
Therefore, the time window may be defined based upon a preceding atrial depolarization,
ventricular depolarization, or possibly both. The time window may, in one example, be
between about 80 milliseconds (ms) to about 200 ms following a normally conducted
ventricular depolarization. A normally conducted ventricular depolarization in this
example is a ventricular depolarization preceded by an atrial depolarization at an interval
corresponding to a relatively normal A-V conduction interval (e.g., not a premature
ventricular depolarization (PVC)). Timing of the stimulus pulses may be predefined by

the attending physician and programmed into the device or may be varied by the device.

As described above, IMD 26 may not be able to reliably sense during an MRI
procedure and thus the MR conditional mode may include a pacing therapy program that
delivers pacing therapy independent of underlying cardiac activity. In some instances,
such as in cases in which patient 12 has sick sinus syndrome or normal atrioventricular
conduction, the pacing therapy program may provide pacing to the atrium only. Because
IMD 26 is not able to reliably sense, delivery of the atrial pacing pulse during the defined
time window (e.g., between the end of the atrial refractory period and the end of the
ventricular refractory period) may be triggered at a defined interval following delivery of
the preceding atrial pacing pulse. For example, control module 50 may control therapy
module 54 to generate and deliver the additional atrial pacing pulse between
approximately 120 ms to about 320 ms following the delivery of the preceding atrial
pacing pulse and, more preferably between approximately 120 ms to about 320 ms

following the delivery of the preceding atrial pacing pulse.

In other instances, the pacing therapy program may provide pacing to both the
atrium and the ventricle independent of underlying cardiac activity. In this case, the

delivery of the additional atrial pacing pulse may be triggered at a defined interval
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following delivery of the preceding atrial pacing pulse (as described in the previous
paragraph) or a defined interval following delivery of the ventricular pacing pulse. For
example, control module 50 may control therapy module 54 to deliver the additional atrial
pacing pulse between 80 ms to about 200 ms following the delivery of the preceding

ventricular pacing pulse.

IMD 26 may, in other instances, be capable of reliably sensing during the MRI
procedure, e.g., using alternative sensing techniques or signal processing techniques.
Even though sensing is possible, control module 50 may still control therapy module 54 to
provide a pacing therapy program that provides pacing independent of underlying cardiac
activity while operating in the MR conditional mode. However, the time window for
providing the additional atrial pacing pulse may be determined based upon the occurrence
of an atrial depolarization (sensed or paced) or a normally conducted ventricular

depolarization (e.g., sensed or paced).

In further instances, control module 50 may control therapy module 54 to provide a
synchronous pacing therapy program when capable of reliably sensing during the MRI
procedure. Even if a synchronous pacing therapy program is provided during the MR
condition mode, control module 50 may control therapy module 54 to generate and deliver
an atrial pacing pulse during a defined time window, e.g., after expiration of the atrial

refractory period, but prior to expiration of the ventricular refractory period.

The pacing techniques of this disclosure provide a mechanism to reduce the
likelihood of competitive pacing during the MR conditional mode by decreasing the
intrinsic heart rate instead of providing asynchronous pacing at a rate greater than the
intrinsic heart rate of patient 12. In addition, by reducing the rate of pacing to a rate closer
to the intrinsic heart rate of patient 12, the likelihood of symptoms that are sometimes
induced by asynchronous pacing at higher rates may be reduced.

Control module 50 may suspend operation of other functionality of IMD 26 while
operating in the MR conditional mode. For example, control module 50 may suspend
tachycardia detection and therapy, fibrillation detection and therapy, impedance
measurements, battery measurements, or the like. Control module 50 may perform some

of the functions in a different manner. For example, control module 50 may use a
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different sensor or algorithm to detect cardiac activity of the heart of patient 12, such as
pressure sensor measurements rather than electrical activity of the heart.

The various modules of IMD 26 may include any one or more processors,
controllers, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field-programmable gate arrays (FPGAs), or equivalent discrete or integrated
circuitry, including analog circuitry, digital circuitry, or logic circuitry. Memory 60 may
include computer-readable instructions that, when executed by control module 50 or other
component of IMD 26, cause one or more components of IMD 26 to perform various
functions attributed to those components in this disclosure. Memory 60 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 non-transitory computer-readable storage media.

FIGs. 4A and 4B are marker channel diagrams illustrating example pacing therapy
programs utilized during the normal mode and the MR conditional mode, respectively.
During the normal mode, IMD 26 is configured with a conventional pacing therapy
program in which there is generally a one-to-one correspondence between atrial events
and ventricular events during each cardiac cycle. As illustrated in FIG. 4A, a first cardiac
cycle includes a first atrial event AE1 occurs followed by a corresponding first ventricular
event VE1. The first atrial event AE1 may be a sensed atrial event corresponding to an
intrinsic (or spontancous) atrial depolarization or it may be a paced atrial event
corresponding to delivery of a pacing pulse by IMD 26. Likewise, the first ventricular
event VE1 may be a sensed ventricular event corresponding to an intrinsic (or
spontaneous) ventricular depolarization or it may be a paced ventricular event
corresponding to delivery of a pacing pulse by IMD 26.

Following the depolarization (intrinsic or paced) of the atrium, the atrium is
refractory for a period of time 70 (referred to herein as an atrial refractory period 70).
Likewise, the ventricle is also refractory for a period of time 72 (referred to herein as a
ventricular refractory period 72) following the depolarization (intrinsic or paced) of the
ventricle. As mentioned above, during the refractory periods 70 and 72 the respective
chambers of heart 32 will either not depolarize in response to an electrical impulse or will

only depolarize in response to a strong stimulus and/or the depolarization may be
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depressed. Atrial refractory period 70 and ventricular refractory period 72 may be
between approximately 150-250 ms.

Some period of time after the first atrial and ventricular events, a second cardiac
cycle is initiated that includes a second atrial event AE2 followed by a corresponding
second ventricular event VE2. Again, the second atrial and ventricular events may be
sensed events, paced events, or a combination thereof. For a patient 12 having a heart rate
(intrinsic or paced) of approximately 60 beats per minute (bpm), for example, the second
cardiac cycle occurs approximately 1 second after the beginning of the first cardiac cycle.
In other words, the second atrial event AE2 occurs approximately 1 second after the first
atrial event AE1. Likewise, the second ventricular event VE2 occurs approximately 1
second after the first ventricular event VE1 (illustrated in FIG. 4A as V-V,). IMD 26 may
maintain an atrial pacing timer to determine when to initiate a subsequent cardiac cycle.
The atrial pacing timer may, for example, be reset upon delivery or detection of atrial
event AE1. IMD 26 may deliver a second pacing pulse to the atrium of the heart to initiate

the second cardiac cycle upon expiration of the atrial pacing timer.

In accordance with the techniques of this disclosure, the MR conditional mode of
IMD 26 is configured with a pacing therapy program in which there is not a one-to-one
correspondence between atrial events and ventricular events in a single cardiac cycle. As
illustrated in FIG. 4B, a first cardiac cycle again includes a first atrial event AE1 followed
by a corresponding first ventricular event VE1. The first atrial event AE1 may be a sensed
atrial event corresponding to an intrinsic (or spontaneous) atrial depolarization or it may
be a paced atrial event corresponding to delivery of a pacing pulse by IMD 26. Likewise,
the first ventricular event VE1 may be a sensed ventricular event corresponding to an
intrinsic (or spontancous) ventricular depolarization or it may be a paced ventricular event

corresponding to delivery of a pacing pulse by IMD 26.

Following each depolarization, the respective chamber of the heart is refractory.
This again is represented by refractory periods 70 and 72. Following the first ventricular
event VE1, IMD 26 delivers an atrial pacing pulse AP1 during time window 74 during the
first cardiac cycle. Time window 74 extends from the end of the atrial refractory period

70 through the end of the ventricular refractory period 72. In other words, the time
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window 74 extends from the point at which the atrial tissue becomes non-refractory up to
the point at which the ventricular tissue becomes non-refractory. In one example, time
window 74 may extend within a time period occurring between about 80 — 200 ms

following ventricular depolarization VEI.

IMD 26 may maintain a refractory pacing timer to determine the time at which to
deliver the atrial pacing pulse AP1. The refractory pacing timer may be defined based
upon the preceding atrial event AE1, the preceding ventricular event VE1, or a
combination thereof. In the example of FIG. 4B, IMD 26 delivers AP1 toward the middle
of time period 74. However, IMD 26 may deliver the atrial pacing pulse AP1 anywhere
within time period 74. For example, IMD 26 may deliver the atrial pacing pulse AP1
toward the beginning of time period 74 just after the atrium becomes non-refractory or

toward the end of time period 74 just before the ventricle becomes non-refractory.

By delivering atrial pacing pulse AP1 during time window 74, the atrium of heart
12 captures and depolarizes, but the impulse is not conducted to the ventricle because the
ventricle is still refractory. As such, a new atrial refractory period 70 begins in the atrium.
Some period of time after the atrial pacing pulse AP1, a second cardiac cycle is initiated
with a second atrial event AE2 followed by a corresponding second ventricular event VE2.
Again the second atrial and ventricular events may be sensed events, paced events, or a
combination thercof. Following the second ventricular event VE2, IMD 26 delivers an
atrial pacing pulse AP2 within the second cardiac cycle during time window 74.

Control module 50 may be configured to determine the timing of a subsequent
atrial pacing pulse associated with a next cardiac cycle based on the delivery of the pacing
pulse to the atrium of the heart of the patient during the time period between the end of the
atrial refractory period of the previous atrial depolarization and the end of the ventricular
refractory period of the previous ventricular depolarization corresponding to the previous
atrial depolarization. As described above, IMD 26 may maintain an atrial pacing timer to
determine when to initiate a subsequent cardiac cycle. In the example of FIG. 4B, the
atrial pacing timer may be reset upon delivery of atrial pacing pulse AP1. IMD 26 may
deliver a pacing pulse to the atrium of the heart to initiate the second cardiac cycle upon

expiration of the atrial pacing timer, e.g., at AE2 in the example of FIG. 4B.
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For a patient having a heart rate (intrinsic or paced) of approximately 60 bpm, AE2
would occur approximately 1 second after the previous atrial event. In this case, the atrial
pacing pulse AP1 causes the atrium to again depolarize and repolarize, and AE2 would
occur approximately 1 second after atrial pacing pulse AP1 instead of approximately 1
second after atrial event AE1. In effect the atrial pacing pulse AP1 resets the timing of the
atrium without causing the ventricle to depolarize a second time in response to atrial
pacing pulse AP1. The effect is that the V-V interval (V-V;) is extended by the amount of
time between atrial event AE1 and subsequent atrial pacing pulse AP1, thus slowing the
heart rate of patient 12. The refractory pacing timer used to determine the time at which to
deliver the atrial pacing pulse AP1 may be set to achieve a desired heart rate.

FIG. 5 is a flow diagram illustrating example operation of IMD 26 operating in
accordance with the techniques of this disclosure. IMD 26 is initially configured in a
normal operating mode that provides a conventional pacing therapy program (block 80).
The conventional pacing therapy program may, in one example, be a synchronous pacing
mode in which pacing pulses are provided based on sensed cardiac data, e.g., pacing
pulses are triggered and/or inhibited based on the sensed cardiac data. As described
above, detection of the MRI-induced energy on the leads 28 or 30 as physiological signals
may result in IMD 26 delivering pacing therapy when it is not desired (e.g., triggering a
pacing pulse) or withholding therapy when it is desired (e.g., inhibiting a pacing pulse)
when operating in accordance with a synchronous pacing therapy program.

IMD 26 determines whether MRI detection module 56 detects MRI device or
communication module 58 receives a command to enter an MR conditional operating
mode (block 82). When neither condition is detected (“NO” branch of block 82), IMD 26
continues to operate in the normal operating mode using the conventional pacing therapy
program. When either condition is detected (“YES” branch of block 82), IMD 26
transitions to the MR conditional operating mode during which therapy module 54 is
configured to provide an atrial pacing pulse after expiration of the atrial refractory period
of a previous atrial depolarization of the cardiac cycle, but prior to expiration of the
ventricular refractory period of a corresponding ventricular depolarization of the cardiac
cycle (block 84). The MR conditional mode may also have additional adjustments to
pacing and sensing functionality, e.g., high voltage therapy turned off, telemetry turned

off, or the like.

20



10

15

20

25

30

WO 2014/058611 PCT/US2013/061364

IMD 26 determines whether the MRI procedure is complete (block 86). IMD 26
may automatically determine that the MRI procedure is complete in response to no longer
detecting the presence of MRI device 16, after expiration of a timer, or in response to
some other predefined criteria, or a combination thereof. Alternatively, IMD 26 may
determine that the MRI procedure is complete upon receiving a command from the
external programming device via wireless telemetry. When the MRI procedure is not
complete (“NO” branch of block 86), IMD 26 continues to operate in accordance with the
pacing program that provides an atrial pacing pulse after a normal ventricular contraction
during a period of time after the atrial refractory period, but during the ventricular
refractory period. When the MRI procedure is not complete (“YES” branch of block 86),
IMD 26 transitions back to the normal pacing therapy program (block 88).

Although the techniques of this disclosure are described with respect to an
environment in which IMD 26 is exposed to MRI device 16, the techniques may be used
to control operation of IMD 26 within environments in which other types of interfering
signals are present. For example, IMD 26 may operate in accordance with the techniques
of this disclosure in environments in which a potentially interfering signal(s) is generated
by other sources, such as electrocautery devices, diathermy devices, ablation devices,
radiation therapy devices, electrical therapy devices, magnetic therapy devices, radio
frequency identification (RFID) readers, or any other environment with devices that
radiate energy to produce magnetic, electromagnetic, electric or other disruptive energy
fields.

The techniques described in this disclosure, including those attributed to IMD 26,
may be implemented, 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 processors, 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 programmers,
stimulators, or other devices. The term “processor” 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 implemented within the same device

or within separate devices to support the various operations and functions described in this
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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 different features as modules or units is intended to highlight different functional
aspects and does not necessarily imply that such modules or units must be realized by
separate hardware or software components. Rather, functionality associated 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 components.

When implemented in software, the functionality ascribed to the systems, devices
and techniques described in this disclosure may be embodied as instructions on a non-
transitory computer-readable medium such as RAM, ROM, NVRAM, EEPROM, or flash
memory, magnetic data storage media, optical data storage 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.
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CLAIMS

1. An implantable medical device comprising:

a therapy module configured to generate pacing therapy for a heart of a patient;
and

a control module configured to detect a condition indicative of the presence of a
magnetic resonance imaging (MRI) device, switch operation from a first pacing therapy
program to a second pacing therapy program in response to detecting the condition
indicative of the presence of the MRI device, and while operating in the second pacing
therapy program, control the therapy module to generate a pacing pulse to an atrium of the
heart of the patient during a time period between the end of an atrial refractory period of a
previous atrial depolarization and the end of a ventricular refractory period of a previous

ventricular depolarization corresponding to the previous atrial depolarization.

2. The implantable medical device of claim 1, further comprising a refractory pacing
timer, wherein the control module is configured to control the therapy module to generate
the pacing pulse to the atrium of the heart of the patient during the time period between the
end of the atrial refractory period of the previous atrial depolarization and the end of the
ventricular refractory period of the previous ventricular depolarization corresponding to

the atrial depolarization upon expiration of the refractory pacing timer.

3. The implantable medical device of claim 2, wherein the refractory pacing timer is
initiated in response to one of sensing the previous atrial depolarization and delivering a

pacing pulse to the atrium to cause the previous atrial depolarization.
4. The implantable medical device of claim 2, wherein the refractory pacing timer is

initiated in response to one of sensing the previous ventricular depolarization and

delivering a pacing pulse to a ventricle to cause the previous ventricular depolarization.
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5. The implantable medical device of any one of claims 14, wherein the control
module is configured to control the therapy module to generate pacing pulses independent

of underlying cardiac activity.

6. The implantable medical device of claim 5, further comprising a sensing module
configured to sense cardiac electrical signals from at least one chamber of the heart,
wherein the control module is configured to control the therapy module to generate pacing
therapy as a function of the sensed cardiac electrical signals in the first pacing therapy

program.

7. The implantable medical device of any one of claims 1-6, wherein the control
module is configured to determine the timing of a next atrial pacing pulse associated with
a next cardiac cycle based on the delivery of the pacing pulse to the atrium of the heart of
the patient during the time period between the end of the atrial refractory period of the
previous atrial depolarization and the end of the ventricular refractory period of the

previous ventricular depolarization corresponding to the previous atrial depolarization.

8. The implantable medical device of any one of claims 1-7, further comprising one
or more sensors configured to generate an output as a function of one or more fields
generated by the MRI device, wherein the control module is configured to detect the
condition indicative of the presence of the MRI device based on the output of the one or

morc Sensors.

9. The implantable medical device of any one of claims 1-8, further comprising a
communication module configured to receive communications from an external device,
wherein the control module is configured to detect the condition indicative of the presence
of the MRI device upon receiving a command via wireless telemetry to operate in

accordance with the second pacing therapy program.
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10.  The implantable medical device of any one of claims 1-9, wherein the control
module is configured to suspend at least one of tachycardia detection, tachycardia therapy,
fibrillation detection, fibrillation therapy, impedance measurements, or battery
measurements in response to detecting the condition indicative of the presence of the MRI

device.

11.  An implantable medical system comprising:

the implantable medical device of any one of claims 1-10; and

at least one lead coupled to the implantable medical device, wherein the at least
one lead includes at least one electrode to deliver the pacing therapy to the heart of the

patient.

25



WO 2014/058611 PCT/US2013/061364

1/5

FIG. 1



PCT/US2013/061364

WO 2014/058611

215

J

EXTERNAL
DEVICE
22

[

FIG. 2



WO 2014/058611 PCT/US2013/061364

3/5
( R
IMD
26
SENSING THERAPY MRI DETECTION
MODULE MODULE MODULE
22 24 26
A A A
62
\\S\( Y \ Y
COMMUNICATION CONTROL
MODULE |« MODULE |« MEMORY
58 50 60
N J

FIG. 3



WO 2014/058611 PCT/US2013/061364

4/5

NORMAL MODE

- V-V -

MR - CONDITIONAL MODE

i V-Ve -~
| ra—T74— | =74 —
AEl 700! AP1 : 70 AE2 701 AP2 : 70
72 72
VE! VE2



WO 2014/058611 PCT/US2013/061364

5/5
PROVIDE NORMAL PACING 5
THERAPY PROGRAM J

DETECT
MRI DEVICE OR
COMMAND TO ENTER MR
CONDITIONAL
MODE?

NO

TRANSITION TO PACING THERAPY 84
PROGRAM THAT PROVIDES ADDITIONAL | /
— ATRIAL PACING PULSE DURING
VENTRICULAR REFRACTORY PERIOD

MRI
PROCEDURE
COMPLETE?

NO

TRANSITION TO NORMAL PACING J
THERAPY PROGRAM

FIG. 5



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/061364

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61N1/368
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61IN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2012/253425 A1 (YOON HYUN J [US] ET AL) 1-11
4 October 2012 (2012-10-04)
the whole document

A US 4 572 192 A (JACKMAN WARREN M [US] ET 1-11
AL) 25 February 1986 (1986-02-25)
the whole document

A EP 0 031 229 A2 (AMERICAN HOSPITAL SUPPLY 1-11
CORP [US]) 1 July 1981 (1981-07-01)
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other

. e "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified)

considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

29 November 2013 10/12/2013

Name and mailing address of the ISA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, )
éx%ﬂ1#&34&ﬁh6 Edward, Vinod

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/061364
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012253425 Al 04-10-2012  NONE
US 4572192 A 25-02-1986  NONE
EP 0031229 A2 01-07-1981 BR 8008151 A 30-06-1981
CA 1171140 Al 17-07-1984
DK 358881 A 13-08-1981
EP 0031229 A2 01-07-1981
EP 0041572 Al 16-12-1981
JP 556501832 A 17-12-1981
US 4388927 A 21-06-1983
WO 8101659 Al 25-06-1981

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

