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LOCALIZATION FOR
ELECTROCARDIOGRAPHIC MAPPING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/504547, filed on Jul. 5,2011
and entitled LOCALIZATION FOR ELECTROCARDIO-
GRAPHIC MAPPING, which is incorporated herein by ref-
erence in its entirety.

TECHNICAL FIELD

[0002] This disclosure relates to systems and methods for
performing localization of an object, such as for electrocar-
diographic mapping.

BACKGROUND

[0003] Various procedures exist in which an object is
inserted into a patient’s body as part of a low invasive proce-
dure in which a view of the object is obstructed from a direct
line of sight. An example of such a procedure is an electro-
physiology study in which a catheter is used for accessing a
remotely located part of the human or animal body, such as
via a vein or artery. For example, a catheter may be provided
with one or more electrodes or other components disposed on
a tip of the catheter. The one or more electrodes or other
components can be configured to perform diagnostic (e.g.,
sensing) function and/or other functions (e.g., stimulation or
ablation), for example. In such operations, it is desirable to
determine a position of the catheter or other object, which is
referred to as localization.

SUMMARY

[0004] This disclosure relates to systems and methods for
performing localization of an object.

[0005] In some examples, a system can be provided to
localize an object in a patient’s body. The system can include
a pulse generator configured to provide a localization signal
to at least one electrode that is fixed to the object in the
patient’s body. A sensor array can be configured to detect an
electrical field produced in response to the localization signal
and provide respective sensor signals. A map generator can be
configured to reconstruct electrical signals based on the
respective sensor signals and geometry data representing a
geometric relationship between patient anatomy and the sen-
sor array. A location calculator can determine a location
where the localization signal was applied based on the recon-
structed electrical signals.

[0006] In other examples, a method can be performed for
localizing an object. The method can include controlling a
localization signal that is supplied to an electrode, associated
with the object, to produce an electrical field in tissue of a
patient. The method can also include storing sensed electrical
data in memory based on sensing electrical signals corre-
sponding to the electrical field and storing geometry data in
the memory. The geometry data can represent a geometric
relationship between patient anatomy and a plurality of sen-
sors used to detect the electric field. The method can also
include reconstructing electrical signals at an anatomical
envelope for the tissue based on the geometry data and the
sensed electrical signals. The reconstructed electrical signals
can be analyzed to determine a location where the localiza-
tion signal was applied. The method can be implemented as a
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computer-implemented method or it can be implemented as
instructions executable stored in a readable medium, such as
may be executed by a processor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 depicts an example of a system for perform-
ing localization.

[0008] FIG. 2 depicts an example of a method for perform-
ing localization.

[0009] FIG. 3 depicts a screen shot demonstrating an
example of graphical user interface that includes an electro-
cardiographic map and a location indicator that can be gen-
erated according to systems and methods disclosed herein.
[0010] FIG. 4 depicts a screen shot demonstrating another
example of graphical user interface that includes an electro-
cardiographic map and a location indicator that can be gen-
erated according to systems and methods disclosed herein.
[0011] FIG. 5 depicts an example of electrocardiographic
map that can be generated demonstrating a representation of
an object on an electrocardiographic map.

[0012] FIGS. 6A and 6B depict examples of electrocardio-
graphic maps demonstrating both endocardial and epicardial
locationindicators that can be generated according to systems
and methods disclosed herein.

[0013] FIG. 7 depicts an example computing environment
that can be used to perform methods according to an embodi-
ment of the invention.

DETAILED DESCRIPTION

[0014] This disclosure relates to systems and methods for
performing localization. The systems and methods disclosed
herein can be employed to localize an object, such as a cath-
eter or pacing lead, by applying a localization signal (e.g., a
pulse)toa patient’s tissue to produce an electric field. In some
examples, the localization signal is applied as a subthreshold
electrical signal pulse that has insufficient energy to stimulate
adjacent tissue. In other examples, the localization signal can
applied as a supra threshold electrical pulse designed to
stimulate adjacent tissue (e.g., a pacing pulse). Electrical
signals corresponding to the electrical field can be sensed via
aplurality of sensors, such as an arrangement of body surface
electrodes, having a position that is known relative to patient
anatomy corresponding to geometry data. The sensed electri-
cal signals can be mapped to tissue (e.g., corresponding to
patient anatomy or a generic heart model) or other geometry
based on geometry data for the patient. The geometry data
provides (or can be used to derive) position information relat-
ing to patient anatomy and the plurality of sensors. A location
where the localization signal was applied to the heart can be
determined from the mapped electrical signals. The location
caninturnbe presented on a display to identify thelocation of
the object relative to patient anatomy. While the examples
disclosed herein relate to localization of an object with
respect to a patient’s heart, the approach disclosed herein is
equally applicable to localize objects in other tissue such as
the brain, for example.

[0015] FIG. 1 depicts an example of a system 10 that can be
utilized for electrocardiographic mapping of a patient’s heart
12. The system 10 can perform localization of an object that
is located on or within the heart 12 in substantially real time,
such as part of a diagnostic and/or treatment procedure. For
example, a catheter, such as a pacing catheter, having one or
more electrodes 16 affixed thereto can be inserted into the
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body 14 and positioned to contact the patient’s heart 12,
endocardially or epicardially. Those skilled in the art will
understand and appreciate various type and configurations of
pacing catheters and electrophysiology (EP) catheters that
can be utilized to position one or more electrodes 16 in the
patient’s body 14.

[0016] A pulse generator 18 can be configured to control
application of an electrical signal delivered by the electrode
16. For instance, the pulse generator 18 includes a pulse
control 20 that can be configured to activate the pulse genera-
tor to supply the pulse to the electrode via a conductive link 26
electrically connected between the electrode 16 and the pulse
generator 18. As an example, an output of the pulse generator
18 can be electrically connected to a corresponding connector
of an electrophysiology catheter, schematically correspond-
ing to the link 26.

[0017] The pulse control 20 can control parameters for
applying electrical signals to the heart 12 via the electrode 16.
The control parameters can include amplitude, frequency
content, pulse duration, pulse repetition rate, and pulse wave-
form shape. The pulse can be applied as a current pulse or a
voltage pulse. Additionally, in an example where a catheter
includes multiple electrodes 16, the pulse control 20 can
control parameters for delivering location pulses selectively
to different electrodes at different times such as via corre-
sponding electrical links 26.

[0018] In some examples, the pulse generator 18 can be
configured to provide the localization pulse as a subthreshold
pulse. As used herein, the term “subthreshold” refers to a
signal that is sufficiently large to be measureable via an
arrangement of sensing electrodes above noise that is
detected by the sensing electrodes, but that is not so large as
to stimulate cardiac conduction (i.e., trigger an action poten-
tial to pace the heart). The pulse control 20 thus can control
electrical parameters (e.g., pulse amplitude, pulse duration
and frequency) of a subthreshold electrical signal that is
applied by the electrode 16. As mentioned above, the sub-
threshold electrical signal can be supplied as a current or
voltage pulse.

[0019] By way of further example, the control 20 can intro-
duce the subthreshold electrical signal as a square current
pulse having a predetermined subthreshold amplitude (e.g.,
about 0.5 mA) and a predetermined pulse duration (e.g.,
about 2 ms). The amplitude of this pulse can be approximately
25% of the current that is needed to pace the heart, thereby
providing a wide safety margin; however, still producing an
electrical field that is large enough to be measured on the
surface of the body by a sensor array 22 of electrodes. Thus,
the same array of body surface sensors in the array 22 detect
both the cardiac electrical activity and the localization signal.
The duration of the subthreshold electrical signal can be set
according to a sampling interval of a sensing system 24 to
ensure digitally sampling the resulting field at least once per
sampling interval. For example, a pulse duration of about 2
ms can ensure sampling at least one for a sampling rate of
about 1,000 samples/channel/sec. The duration (e.g., about 2
ms) of the subthreshold signal can be the same as normally
used to pace the heart although at a subthreshold amplitude.
[0020] The pulse control 20 can also provide the subthresh-
old localization pulse such that the corresponding electric
field detected by a sensor array 22 includes high frequency
content that resides within the pass bandwidth of the sensing
electronics 28 and the sensing system 24 to facilitate detec-
tion and signal processing. In this way, the same circuitry
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used to measure the electrical signals on the patient’s body 14
for electrocardiographic (EC) mapping can be used effi-
ciently for sensing the subthreshold localization pulse.
[0021] Asanother example, the pulse control 20 can control
delivery of subthreshold pulses to electrodes residing on mul-
tiple catheters or pacing leads, such as for individual local-
ization of each such catheter or lead. That is, the system 10
can localize one or more objects (e.g., electrodes) within the
heart and concurrently providean indication of the location of
each such object (e.g., in an electrocardiographic map). This
is conveniently applicable to an elongated structure (e.g., a
catheter body) that may include multiple electrodes spaced
along its length. Thus, by detecting the location of each of the
electrodes relative to patient anatomy, the system 10 can use
the individual electrodes to reconstruct a three-dimensional
position and orientation of the elongated structure in relation
to patient anatomy, as disclosed herein. The location at which
the electrode (or electrodes) 16 is located can be varied, for
example, in response to the physician advancing, retracting or
otherwise adjusting the position of the electrode relative to
the patient’s anatomy. The location of the electrode(s) can be
updated in substantially real time based on detecting local-
ization pulses during such movement.

[0022] The control 20 can control parameters of the sub-
threshold electrical signal with various other combinations of
current and duration. For example, a constant voltage pulse
could be used instead of a constant current pulse. Additionally
or alternatively, the shape of the subthreshold pulse does not
have to be square, but could be any shape desired (e.g., sinu-
soidal, linear or non-linear ramp signals or the like).

[0023] As another example, the pulse control 20 can further
control operation of the pulse generator 18 in multiple modes
such as can include a localization mode and a therapy mode.
During the localization mode, the pulse control 20 can control
operating parameters of the pulse generator 18 to provide
localization signal to the electrode 16. During the therapy
mode, control 20 can control parameters of the electrical
signal as to stimulate (e.g., pace) or apply other therapy (e.g.,
ablation) to the heart 12. Alternatively, during the therapy
mode the control can disable the pulse generator 18 while
therapy is delivered by another external therapy system 30.
The therapy can include electrical stimulation as well as
non-electrical types of therapy (e.g., chemical, temperature
treatments and the like). The control 20 thus can coordinate its
operation with delivery of a therapy.

[0024] The pulse control 20 can set the appropriate pulse
parameters and operate in a selected one of the modes as
noted above. The pulse control can set parameters automati-
cally (e.g., the pulse control is programmed to control opera-
tion in one of the modes), manually (e.g., in response user
input) or employ a combination of automatic and manual
controls (e.g., semi-automatic). The pulse control 20, for
example, can repeatedly alternate between the therapy mode
and the localization mode to facilitate delivery of a desired
therapy at a given location in the patient 14 as determined
during the localization mode. For instance, sensor informa-
tion (e.g., including electrode location, electrical parameters
and the like) can be collected continuously including during
the localization mode and supplied to the pulse generator 18
based on which the control 20 can selectively adjust param-
eters to adjust stimulation parameters for delivery of therapy
during the therapy mode.

[0025] As yet another alternative example, the pulse gen-
erator 18 can be configured to operate only in the localization
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mode, such as by repeatedly providing a subthreshold local-
ization signal over time, while electrical stimulation or
another therapy is supplied by another system that is separate,
such as the therapy system 30 disclosed herein. For instance,
the pulse generator 18 and sensing electronics 28 can be
electrically isolated from each other and integrated into an
amplifier system. The therapy system 30 can thus be imple-
mented as electronics, which are separate from the amplifier
system, configured to deliver a therapy. As disclosed herein,
the therapy can include electrical stimulation via supra
threshold pulses to the electrode as well as other forms of
therapy (e.g., ablation).

[0026] For example, the therapy system 30 can be imple-
mented a cardiac stimulator for providing external pacing via
one or more of the electrodes 16, such as any type of external
pacemaker devices that can be found in an EP laboratory. The
therapy system 30 can include a control 32 that is configured
to control application ofasupra threshold stimulation pulse to
the electrodes 16 viathe conductive link 26. Thus, the link 26
can be shared by the pulse generator 18 and therapy system 30
for applying pulses to each of the one or more electrodes 16.
The control 32 can control electrical parameters of such pac-
ing pulse in response to a user input to apply the pacing pulse
(e.g., closing a switch) or such control can be automated
according to a predefined pacing procedure. During pacing or
other electrical stimulation therapy with a supra threshold
pulse, the supra threshold pulse operates as the localization
signal for performing localization of the stimulation therapy
site.

[0027] By way of another example, the therapy system 30
can be configured to deliver a non-clectrical therapy (e.g.,
ablation therapy, such as radio frequency ablation, laser abla-
tion, cryotherapy or the like) to the patient’s heart 12. In such
an example, the electrode 16 can be fixedly mounted on the
therapy delivery mechanism. The control 20 can coordinate
delivery ofa localization signal, such as a subthreshold pulse,
with delivery of the therapy by the therapy system 30. Alter-
natively, the control can control application of the sub-thresh-
old pulse according to a predetermined repetition rate such
that the pulse closest in time to when the therapy is delivered
can be identified as the therapy delivery site. In other
examples, the system can interpolate between locations for
the two localization signals closest in time to when the
therapy is delivered. During delivery of the non-electrical
therapy, the subthreshold pulse can operates as the localiza-
tion signal for performing localization of the therapy delivery
site. For example, the control 32 of the therapy system can
provide a timing pulse utilized by the control 20 to provide a
localization signal concurrently with the delivery of therapy.
Alternatively or additionally, a user input employed to trigger
delivery of the therapy can also be provided to the pulse
generator to enable the control 20 to provide a localization
signal concurrently with the delivery of therapy. An annota-
tion (e.g., including a time of the ablation) can be made when
ablation therapy is applied, which annotation can be dis-
played at the location determined to be the therapy site, as
disclosed herein.

[0028] In the example of FIG. 1, the sensor array 22 can
include one or more electrodes that can be utilized for record-
ing patient electrical activity, including sensing the electric
field corresponding to each localization signal. As one
example, the sensor array 22 can correspond to an arrange-
ment of body surface electrodes that are distributed over the
patient’s torso for measuring electrical activity associated
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with the patient’s heart (e.g., as part of an electrocardio-
graphic mapping procedure). The sensor array 22 can cover
the entire torso of the patient 14 (e.g., having greater than
about 200 electrodes circumscribing the patient’s chest) or a
selected zone thereof. Examples of a non-invasive sensor
array that can be used is shown and described in International
application No. PCT/US2009/063803, which was filed 10
Nov. 2009 and U.S. Provisional Patent Application No.
61/426,143, each of which application is incorporated herein
by reference.

[0029] Additionally, in other examples, one or more sen-
sors can be implemented via the electrode 16, such as can be
partofan EP catheter. The EP catheter can be inserted into the
patient’s body 14 and into the heart 12 for sensing electrical
activity endocardially and/or epicardially. As another alter-
native, the sensor array 22 can be an arrangement of elec-
trodes disposed on other devices, such as patches, which can
be placed on or near a patient’s heart, endocardially and/or
epicardially. These patches can be utilized during open chest
and minimally invasive procedures to record electrical activ-
ity. Sensor electrodes on the EP catheter and/or patches thus
can be utilized in combination with the sensor array 22 that
resides outside of the patient’s heart to monitor electrical
activity of the patient’s heart 12 from different perspectives
concurrently.

[0030] In the example of FIG. 1, the sensor array 22 pro-
vides the sensed electrical information to the sensing elec-
tronics 28 such as forming part of an amplifier system. The
sensing electronics 28 can include signal processing circuitry
(e.g., filters, amplifiers, A/D converters and the like) for pro-
viding corresponding sensor signals corresponding to a rep-
resentation of electrical activity detected by each of the sen-
sors in the sensor array 22. Corresponding sensing electronics
can operate on each channel separately, for example. There
can be a plurality of channels—one for each sensing elec-
trode. Thus, in some examples, the sensor array 22 can con-
currently provide a plurality of sensor signals over each heart
beat, which sensor signals can also include sensed localiza-
tion signals and stimulation pulses as applied by the pulse
generator 18 and/or therapy system 30.

[0031] The sensing electronics 28 provide corresponding
digital signals to the sensing system 24. The sensing system
24 can be configured to control the data acquisition process
for measuring electrical activity and providing sensed elec-
trical data 40. The sensing system 24 can include a sampling
control 34 to control and set a sample rate at which the sensed
electrical data 40 is stored. The sample rate can be fixed or be
variable. The sensing system 24 can also include a filter 36
that is configured to filter the sensed electrical signals from
the sensing electronics 28. As an example, the sampling con-
trol 34 and the filter 36 can be implemented as computer
executable instructions stored in memory and executed by a
processor. For example, the filter characteristics can vary
depending on the operating mode. Alternatively or addition-
ally, the sensor signals can be processed along parallel filter
paths that can apply different filter characteristics for each
path such that each path can be utilized to generate sensed
electrical data for different purposes.

[0032] As one example, the generated subthreshold pulses
will not be correlated to the cardiac cycle, and therefore they
will correspond to carrier signals on top of the sensed cardiac
signals. Since the subthreshold pulses have high frequency
content, the filter 36 can be implemented as a high-pass filter
to extract sensed electrical signals resulting from the electric
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field produced by such subthreshold pulses (e.g., during
localization). Alternatively or additionally, the frequency
characteristics of the subthreshold pulse can be user-defined
and, since known, the filter 36 can be specifically designed
according to the user-defined subthreshold signal character-
istics. The resulting filtered electrical information is thus
stored as sensed electrical data 40 in memory. The sensed
electrical data 40 which can be utilized in conjunction with
the geometry data to determine the location of the electrode
16 that provided the subthreshold pulse. The sensing system
24 can employ another signal path that can be sampled with-
out being high-pass filtered, which can correspond to electri-
cal signal content (e.g., cardiac signals) outside of the high-
pass filtered signals utilized for localization. Alternatively or
additionally, the other signal content can be low-pass filtered
to remove the effects of the localization pulse from the cardiac
signals. The sensed electrical data 40 from these electrical
signals can be processed to generate an electrocardiographic
map corresponding to electrical activity of the heart, such as
disclosed herein.

[0033] The sensed electrical data 40 can be acquired con-
currently with the delivering electrical energy by the pulse
generator 18 or therapy system 30. For example, the sensed
electrical data 40 can include localization data to determine
the location of the electrode 16. The localization data of the
sensed electrical data 40 can correspond to electrical activity
detected by the sensor array 22 in response to a subthreshold
localization signal, in response to applying a supra threshold
stimulation signal during therapy, or in response to both sub-
threshold and supra threshold signals applied to one or more
of the electrodes 16. That is, localization data for each type of
localization signal and therapy that is applied can be
employed to determine location of the electrode 16 and, in
turn, the location of the therapy delivery device that 1s within
the patient’s body 14. The sensed electrical data 40 can also
be acquired in other modes, with or without localization
signals, for electrocardiographic mapping, such as in the
absence of application of therapy or application of subthresh-
old pulses.

[0034] The sensing system 24 can also employ a clock to
append appropriate time stamps (e.g., atime index) to the data
for indexing the temporal relationship between the respective
sensed multi-channel electrical data 40 and the electrical
signals being applied via the pulse generator to facilitate the
evaluation and analysis thereof. The sensing system 24 can
also automatically map the subthreshold pulse since the sys-
tem 10 can track (e.g., it knows) exactly when the pulse is
delivered.

[0035] The system 10 can also include a mapping system
42 programmed to combine the sensed electrical data 40 with
geometry data 38 by applying an appropriate algorithm to
provide corresponding map data 44. The map data 44 can
represent electrical activity associated with the heart 12, such
as corresponding to a plurality of reconstructed electrograms
distributed over an envelope associated with a surface of the
patient’s heart 12. Examples of approaches that can be uti-
lized to perform such mapping and reconstruction of electri-
cal signals on a cardiac envelope, such as an epicardial or
endocardial envelope, are disclosed in U.S. Pat. No. 6,772,
004 and U.S. patent application Ser. No. 11/996,441, the
disclosure of each of which is incorporated herein by refer-
ence 1n its entirety. The electrical activity can correspond to
the electric field produced in response to the pulse generator
18 applying a subthreshold pulse within the patient’s body
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(e.g., to the heart) during localization. Alternatively, or addi-
tionally, the sensed electrical activity can correspond to natu-
ral and/or paced electrical activity of the heart 12 itself, such
as can be in response to a stimulation pulse applied by the
pulse generator 18 or therapy system 30.

[0036] As a further example, the mapping system 42 can
provide the map data 44 to represent reconstructed electro-
grams for an epicardial envelope of the patient’s heart 12,
such as when the data is acquired non-invasively via sensors
distributed on the body surface or invasively with sensors
distributed on or near the epicardial envelope. Alteratively,
the map data 44 can be reconstructed for an endocardial
surface of a patient’s heart such as a segmented portion of the
patient’s heart (e.g., left and right ventricles). The reconstruc-
tion method and can vary depending upon the approach or
approaches (e.g., a non-invasive or invasive sensor array 22)
utilized for acquiring the sensed electrical data 40 and the
form of the geometry data 38.

[0037] In the example of FIG. 1, the mapping system 42
includes a map generator 46 that produces the map data 44
based on the sensed electrical data 40 and geometry data 38.
For the example, the map generator 46 can implement elec-
trogram reconstruction 48 through an inverse algorithm pro-
grammed to process the electrical data 40 to produce corre-
sponding electrogram data for each of a plurality of
identifiable sites on a selected envelope associated with the
patient’s heart 12. The envelope can be implemented as an
epicardial surface, an endocardial surface or other geometri-
cal surface construct, which can be represented in the map
data 44 as a two-dimensional or three-dimensional envelope.
[0038] As an example, the geometry data 38 may be in the
form of graphical representation of the patient’s torso, such as
image data acquired for the patient. Such image processing
can include extraction and segmentation of anatomical fea-
tures, including one or more organs and other structures, from
a digital image set. Additionally, a location for each of the
electrodes in the sensor array 22 can be included in the geom-
etry data 38, such as by acquiring the image while the elec-
trodes are disposed on the patient and identifying the elec-
trode locations in a coordinate system through appropriate
image processing, including extraction and segmentation.
The resulting segmented image data can be converted into a
two-dimensional or three-dimensional graphical representa-
tion that includes the volume of interest for the patient.
[0039] Alternatively, the geometry data 38 can correspond
to a mathematical model of the patient’s torso that has been
constructed based on image data for the patient’s torso and
regions of interest (e.g., the heart). Appropriate anatomical or
other landmarks, including locations for the electrodes in the
sensor array 22 can be identified in the geometry data 38 to
facilitate registration of the electrical data 40 and performing
the inverse method thereon. The identification of such land-
marks can be done manually (e.g., by a person via image
editing software) or automatically (e.g., via image processing
techniques).

[0040] By way of further example. the geometry data 38
can be acquired using nearly any imaging modality based on
which a corresponding representation can be constructed,
such as described herein. Examples of imaging modalities
include ultrasound, computed tomography (CT), 3D Rota-
tional angiography (3DRA), magnetic resonance imaging
(MRI), x-ray, positron emission tomography (PET), fluoros-
copy and the like. Such imaging may be performed concur-
rently with recording the electrical activity that is utilized to
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generate the sensed electrical data 40 or the imaging can be
performed separately (e.g., before or after the measurement
data has been acquired).

[0041] Alternatively or additionally, the geometry data 38
can correspond to a generic or custom representation (e.g., a
model) of the heart, which may not be the patient’s own heart.
In such a case, the sensed electrical data 40 can be mapped
(e.g., via registration) to the representation of the organ
according to identified anatomical landmarks. A manual,
semi-automatic or automatic registration process can be
employed in order to register the anatomical model with the
signal acquisition system.

[0042] Thesystem 10 also includes a location calculator 50
that is programmed to determine a location for one or more
objects positioned in the patient 14. In the context of the
example of FIG. 1, the location calculator 50 can ascertain a
location where the localization electrical signal was applied
(e.g., corresponding to the location of the electrode 16) based
on an analysis of the map data 44, which includes recon-
structed electrograms. This determination can be performed
in real time or near real time so that it can provide intraop-
erative guidance for a physician. In some examples, the map-
ping of the location can be performed manually, such as in
response to a user identifying the subthreshold pulse from a
set of pulses over the surface of the heart (e.g., via a caliper
user interface element to select a pulse or spike). Alternatively
or additionally, the mapping of the pacing pulse can be imple-
mented as an automated method based on computations per-
formed by the location calculator 50 on the map data 44.
[0043] For example, where the map data 44 comprises
reconstructed electrical signals for a plurality (e.g., hundreds
or thousands) of discrete locations on a user-specified surface
of the heart, the location calculator 50 can select a localized
one of the mapped electrical signals as corresponding to an
absolute location where the subthreshold signal was applied.
As a further example, the map generator 46 can generate the
map data 44 based on the geometry data 38 and sensed elec-
trical data 40 that has been high-pass filtered for localization
purposes (e.g., during a localization mode). The location
calculator 50 can select a localized reconstructed electrical
signal, corresponding to the electrode location, based on a
comparison of the amplitudes of the high-pass filtered and
mapped electrical signals. The location calculator can deter-
mine the location according to which high-pass filtered,
reconstructed electrical signal has the greatest amplitude
when the localization signal is applied. The location on the
heart where such selected reconstructed electrical signal
resides thus corresponds to the location of the electrode
where the localization signal is applied. Thus, as the electrode
is moved in the patient’s body 14, the map data 44 can be
updated so that the location calculator 50 can compute new
location information commensurate with such movement.
[0044] Additionally, the location calculator 50 can be pro-
grammed to compute a localized reconstructed electrogram
from a supra threshold pulse based on the activation time and
amplitude of the reconstructed electrograms provided in the
map data 44. For instance, the location calculator 50 can
determine the localized electrode position where the supra
threshold pulse is applied according to which reconstructed
electrogram has an earliest activation time and a largest
amplitude. In other examples, the location calculator 50 can
be programmed to determine the localized electrode position
where the supra threshold pulse is applied according to which
reconstructed electrogram has either an earliest activation
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time or a largest amplitude. For example, the earliest activa-
tion time that is detected for a supra threshold (e.g., pacing)
pulse, can identify an epicardial location corresponding to the
location of the electrode. The localized maxima (e.g., largest
amplitude) can correspond to an endocardial location where
the pacing pulse was applied.

[0045] The system 10 also includes an output generator 52
that is configured to provide a graphical output to a display 54
based on the localization information determined by the loca-
tion calculator 50, the map data 44 or a combination thereof.
The display 54 thus can provide a visual representation of a
cardiac map 56. The cardiac map 56 can include a graphical
representation of the heart and, based on the location infor-
mation, include a visual indicia at a corresponding location
where the localization signal was applied. As one example,
the visual indicia of the electrode location can be a graphical
icon that is superimposed on a cardiac map 56 that has been
generated based on map data 44. The map data can be gener-
ated as to include only localization information. Alternatively
or additionally, the map data 44 can include reconstructed
cardiac electrical activity for the heart (e.g., natural and/or
paced), and the visual indicia of location can be superimposed
on a cardiac map corresponding to such reconstructed cardiac
electrical activity. Regardless of which type or types of elec-
trical map data is being displayed in the cardiac map 56, the
location calculator 50 can update the visual indicia in sub-
stantially real time to reflect the current location of the elec-
trode 16.

[0046] In some examples, the output generator 52 can be
programmed to provide different forms of localization indi-
cators for different types of detected signals. For instance, the
output generator 52 can produce a first type of visual indicator
to reflect a moveable location corresponding to an electrode
or catheter that can be moved relative to the heart. In this way
the first type of visual indicator provided in the cardiac map
reflects movement of the electrodes relative to the heart. This
type thus can provide real time feedback to the user such as to
facilitate pacing or delivery of other therapy.

[0047] The output generator 52 can also produce a second
type of visual indicator that can remain fixed in the cardiac
map regardless of movement of the electrodes and changes in
sensed electrical activity. The second type of visual indicator
can correspond to a pacing site at which a supra threshold
pacing pulse was applied. In this way, the output generator
can maintain a convenient record of each pacing site that is
readily available to the user via the display 54. The location
information for this second type of visual indicator can also
be automatically registered into a coordinate system of
another image modality based on reference to common fidu-
cial markers in each imaging modality and the geometry data
38. For example, an indication of a therapy delivery location
can be rendered on a display of another imaging modality,
such as fluoroscopy, x-ray, 2-D or 3-D cardiac echo, to pro-
vide a visual record in such image of the location where
therapy was applied (e.g., a pacing site or ablation site).
[0048] The output generator 52 can also include a mecha-
nism (e.g., a graphical user interface) to enable a user to select
and remove auser-selected second type of visual indicator for
a pacing location, such as if the user determines that the
pacing site does not provide desired results. Additionally or
alternatively, the output generator 52 can include a graphical
user interface that is programmed to insert a pacing site visual
indicator on the cardiac map 56 automatically in response to
detecting that a pacing pulse is applied to one or more elec-



US 2014/0235989 A1

trodes 16. The detection can be in response to a user input that
is supplied to the pulse generator 18 or 30, detecting a pacing
pulse in the map data 44 or a combination thereof. The output
system can also be programmed to control the type of infor-
mation presented in the cardiac map in response to a user
input via a graphical user interface (e.g., a potential map, an
activation map, a depolarization map, a synchronization map
or the like).

[0049] The location for each of the fixed location and
moveable location indicators can be stored in memory along
with the map data 44 for later review, for example. Alterna-
tively, the location information for one or both types can be
recomputed based on map data 44 as disclosed herein.
[0050] In view of the foregoing structural and functional
features described above, example methods will be better
appreciated with reference to FIG. 2. While, for purposes of
simplicity of explanation, the example method of FIG. 2 is
shown and described as executing serially, it is to be under-
stood and appreciated that the present examples are not lim-
ited by the illustrated order, as some actions could in other
examples occur in different orders and/or concurrently from
that shown and described herein. The method can be imple-
mented as computer readable instructions, such as can be
stored in a non-transitory computer readable medium, such as
a volatile or non-volatile memory device. The instructions in
the medium may further be executed by a processing unit.
[0051] FIG. 2 is flow diagram depicting an example of a
method 100 that can be employed to localize an object in the
patient as disclosed herein. For example, the method 100 can
be performed in the context of performing a low or minimally
invasive procedure on the patient’s heart, such as with a
catheter or pacing lead that includes one or more electrodes
(e.g., electrode 16 of F1G. 1). As an example, the catheteriza-
tion procedure can be performed to provide for cardiac resyn-
chromization therapy (CRT), cardiac ablation or other similar
types of procedures. During such procedure, the method 100
can be implemented to localize the catheter. The method 100
can also be utilized to localize one or more pacing leads, such
as from a CRT device or a pacemaker.

[0052] The method 100 begins at 102 in which application
of a localization is controlled. For instance, the catheter car-
rying the electrode can be advanced to the patient’s heart and
a subthreshold electrical signal can be applied (e.g., by the
pulse generator 18 of FIG. 1) to produce a corresponding
electric field within the patient’s body. The subthreshold sig-
nal can be generated as a current pulse or voltage pulse having
acontrolled duration and frequency, such as disclosed herein.
Alternatively, the localization signal can be implemented as a
supra threshold electrical signal with an amplitude sufficient
to stimulate a conductive pathway in the patient. The control
can be automated or be provided in response to a user input.
[0053] At 104, electrical signals can be sensed. For
example, an arrangement of sensors (e.g., the sensor array 22)
can be distributed across the patient’s torso to noninvasively
sense electrical potentials on the body surface, including elec-
trical signals corresponding to the subthreshold electrical
signal applied at 102. The sensed electrical signal can
undergo analog and digital processing. For example, the sig-
nals can be filtered (e.g., by high pass filters) to pass fre-
quency content corresponding to an electrical field caused by
the localization signal as well as content corresponding to
natural or paced electrical activity of the heart. The processed
signals can be stored in memory as sensed electrical data
(e.g., data40 of FIG. 1). Because the sensors can concurrently
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detect body surface electrical potentials across the entire
body surface or a selected portion thereof, the method and
system disclosed herein can also localize the electrode to an
absolute position in three-dimensional space as well as be
utilized to display other cardiac electrical activity concur-
rently.

[0054] At 106, the sensed electrical signals are utilized to
reconstruct electrical signal onto a cardiac envelope (e.g., by
the mapping system 42 of FIG. 1), such as can be an endocar-
dial surface, an epicardial surface or other cardiac envelope.
For example, the mapping at 106 can be implemented via an
algorithm that translates the noninvasively measured body
surface electrical potentials to the heart electrical activity data
based on geometry data and the sensed electrical data.

[0055] At108, the method 100 includes determining a loca-
tion where the subthreshold pulse was applied based on
analysis of the reconstructed electrical signals provided at
106. As one example, the location can be determined by
selecting a localized mapping signal, corresponding to an
absolute location where the localization signal was applied.
Such localized mapping signal can be selected from a plural-
ity of reconstructed electrical signals that have been mapped
onto the surface ofthe heart. The localized mapping signal for
the electrode location can be the signal having the largest
amplitude and have frequency characteristics corresponding
to the frequency of the subthreshold pulse applied at 102.
Alternatively, the localized mapping signal can correspond to
the location of a supra threshold pulse that is selected from the
reconstructed electrograms based on activation time and
amplitude.

[0056] At 110, an output can be generated (e.g., by the
output generator 52 of FIG. 1). The output can be provided as
including a graphical display (e.g., an image representation)
of the heart that includes a visual indicator at the location
where the localization signal was applied to the heart by the
electrode (e.g., corresponding to localized mapping signal).
The method 100 can be repeated intraoperatively to help
guide the catheter relative to the patient’s heart, and as the
electrode moves relative to the heart the method can update
the output in substantially real time to reflect a current loca-
tion of the electrode. Additional electrical activity of the heart
(natural and/or pacing) can also be displayed concurrently
with the location of the electrode superimposed thereon to
further assist the user. As an example, the localization method
can be used for catheter localization in conjunction with
applying a therapy (e.g., pacing and/or ablation) for treatment
of any type of arrhythmia (focal or re-entrant arrhythmias) as
well as for sinus rhythm disorders.

[0057] FIG. 3 depicts an example of a display 200 (e.g., a
graphical user interface) that can be generated by systems and
methods disclosed herein. In the example of FIG. 3. the dis-
play 200 includes a graphical representation of a heart 202 on
which a potential map 204 has been displayed corresponding
to electrical potentials at a selected time. The time can be user
selected via a graphical user interface or it can be automati-
cally selected (e.g., via signal processing techniques to ascer-
tain a time interval containing such pulses). For instance, the
time can correspond to a period of time when a localization
pulse is applied to the heart. The display also includes plots
206 of heart electrical activity signals (e.g., electrical traces of
electrical potentials mapped to the heart by the mapping
system 42 of FIG. 1) corresponding to the electrical field
produced by the subthreshold pulse.
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[0058] 1In the example of FIG. 3, the electrical field corre-
sponds to a localization signal that was provided as a sub-
threshold pulse, which is superimposed (e.g., by adding sig-
nals) on the signals produced by electrical activity of the
heart. Additionally, signal processing can be performed to
isolate the electrical field of the subthreshold pulse from the
cardiac electrical activity and provide a representation of such
signals in the display 200. The display may also includea cine
mode that can be activated, in response to a user input. In the
cine mode, the potential map 204 in the display 200 can vary
as a function oftime, which can proceed in a forward, reverse,
loop or other user-selected temporal manner

[0059] The subthreshold pulses, corresponding to recon-
structed electrograms in the graphical plots 206, are demon-
strated in the display 200 on the first, second and fourth traces
on the right-hand side of the display. In the example, of FIG.
3, the reconstructed electrogram having the largest spike is
indicated at 210. Each of the reconstructed electrical local-
ization pulses can be identified from the electrograms plots
206 by the user via a user interface or from the underlying
reconstructed electrogram data by automated detection meth-
ods. A central area of the map, indicated as region 212,
represents the highest potential of the electric signals, corre-
sponding to the localized maxima 210, which can be identi-
fied by the location calculator as corresponding to the loca-
tion of the catheter (e.g., via an electrode on the catheter) that
is generating this localization field. A visual indicator 214
thus can be rendered in the display at a centroid of the iden-
tified region 212 to identify a location on the surface of the
heart where the subthreshold localization signal was applied.
The display 200 can also include GUI features and scales to
facilitate interpretation of the map data that is displayed as
well to enable re-orientation of the heart in a given coordinate
system.

[0060] FIG. 4 depicts another example of a display 250
(e.g., a graphical user interface) that can be generated by
systems and methods disclosed herein. In the example of FIG.
4, the display 250 includes a graphical representation of a
heart 252 on which a potential map has been displayed cor-
responding to reconstructed electrical signals at a selected
time. In the example of FIG. 4, the reconstructed electrical
signals are based on a supra threshold stimulation signal (e.g.,
a pacing signal) that is applied via an electrode. The display
250 also includes plots 254 of reconstructed electrical signals
thatare utilized to generate the map on the heart 252. A region
having the highest amplitude and earliest activation time is
identified at 256 to represent the location of the electrode at
which the supra threshold localization signal is applied.
[0061] The display also includes a heart GUI element 258
that represents an orientation of the heart map 252. A user thus
can employ apointing device (e.g., mouse) or other user input
device to rotate the heart GUI element to rotate the heart map
252 accordingly. The display also includes a scale 260 that
can provide an indication of the color codes presented on the
heart map 252, such as can correspond to activation time, for
example.

[0062] FIG. 5 demonstrates an example EC map 270 of a
heart in which a graphical representation of a cardiac catheter
272 is superimposed on an image of the heart. The example
catheter is shown to include two electrodes 274, although it
will be understood that the catheter that is shown can include
any number of electrodes such as can be commensurate with
an actual catheter design being used by a user during delivery
of a therapy. For example, a user can identify the type and
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configuration of catheter (e.g., by manufacturer and model
number), such as can be selected from a list provided via a
graphical user interface. The system can thus graphically
present the selected type and configuration of catheter in the
display at a position determined based on the approach dis-
closed herein. The location of the catheter 272 can be deter-
mined and presented on the cardiac map 270 by determining
location of one or both electrodes 274 in response to in sup-
plying localization signals (subthreshold and/or supra thresh-
old electrical signals) to electrodes of an actual catheter that is
inserted into the patient’s body. Movement of the catheter
relative to the heart can similarly be tracked and displayed on
the map 270.

[0063] FIGS. 6A and 6B depict examples of electrocardio-
graphic maps 290 and 292 demonstrating localized anatomi-
cal positions 294 and 296, respectively, determined in
response to application of'a given supra threshold localization
(e.g., pacing) pulse. The corresponding location 294 corre-
sponds to a projection on the endocardium of the epicardial
activation that is computed from reconstructed electrograms
based on their respective activation times. Thus as shown in
FIG. 6A, the map depicts an activation map for the heart and
the location 294 corresponds to a center of earliest activation.
The other location 296 is presented in FIG. 6A for compari-
son purposes. The location 296, as shown in FIG. 6B, corre-
sponds to an endocardial location that is determined based on
a localized amplitude maxima computed from reconstructed
electrograms such as demonstrated in FIG. 6B. FIGS. 6A and
6B demonstrate electrograms from which the locations 294
and 296 have been computed along with a timing caliper that
shows which part of the signal is utilized to generate the
respective maps 290 and 292. Forinstance, the activation map
290 is generated based on the activation time for conduction
of cardiac tissue. The potential map 292 shows supra thresh-
old pulses that are utilized to generate the map and thereby
determine a local maxima that identifies a corresponding
endocardial location corresponding to the pacing site.

[0064] In view of the foregoing structural and functional
description, those skilled in the art will appreciate that por-
tions of the invention may be embodied as a method, data
processing system, or computer program product. Accord-
ingly, these portions of the present invention may take the
form of an entirely hardware embodiment, an entirely soft-
ware embodiment, or an embodiment combining software
and hardware, such as shown and described with respect to
the computer system of FIG. 7. Furthermore, portions of the
invention may be a computer program product on acomputet-
usable storage medium having computer readable program
code on the medium. Any suitable computer-readable
medium may be utilized including, but not limited to, static
and dynamic storage devices, hard disks, optical storage
devices, and magnetic storage devices.

[0065] Certain embodiments of the invention have also
been described herein with reference to block illustrations of
methods, systems, and computer program products. It will be
understood that blocks of the illustrations, and combinations
of blocks in the illustrations, can be implemented by com-
puter-executable instructions. These computer-executable
instructions may be provided to one or more processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus (or a combination
of devices and circuits) to produce a machine, such that the
instructions, which execute via the processor, implement the
functions specified in the block or blocks.
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[0066] These computer-executable instructions may also
be stored in computer-readable memory that can direct a
computer or other programmable data processing apparatus
to function in a particular manner, such that the instructions
stored in the computer-readable memory result in an article of
manufacture including instructions which implement the
function specified in the flowchart block or blocks. The com-
puter program instructions may also be loaded onto a com-
puter or other programmable data processing apparatus to
cause a series of operational steps to be performed on the
computer or other programmable apparatus to produce a
computer implemented process such that the instructions
which execute on the computer or other programmable appa-
ratus provide steps for implementing the functions specified
in the flowchart block or blocks.

[0067] In this regard, FIG. 7 illustrates one example of a
computer system 300 that can be employed to execute one or
more embodiments of the invention, such as including acqui-
sition and processing of sensor data, processing of image
data, as well as analysis of transformed sensor data and image
data associated with the analysis of cardiac electrical activity.
Computer system 300 can be implemented on one or more
general purpose networked computer systems, embedded
computer systems, routers, switches, server devices, client
devices, various intermediate devices/nodes or stand alone
computer systems. Additionally, computer system 300 can be
implemented on various mobile clients such as, for example,
a personal digital assistant (PDA), laptop computer, pager,
and the like, provided it includes sufficient processing capa-
bilities.

[0068] Computer system 300 includes processing unit 301,
system memory 302, and system bus 303 that couples various
system components, including the system memory, to pro-
cessing unit 301. Dual microprocessors and other multi-pro-
cessor architectures also can be used as processing unit 301.
System bus 303 may be any of several types of bus structure
including a memory bus or memory controller, a peripheral
bus, and a local bus using any of a variety of bus architectures.
System memory 302 includes read only memory (ROM) 304
and random access memory (RAM) 305. A basic input/output
system (BIOS) 306 can reside in ROM 304 containing the
basic routines that help to transfer information among ele-
ments within computer system 300.

[0069] Computer system 300 can include a hard disk drive
307, magnetic disk drive 308, e.g., to read from or write to
removable disk 309, and an optical disk drive 310, e.g., for
reading CD-ROM disk 311 or to read from or write to other
optical media. Hard disk drive 307, magnetic disk drive 308,
and optical disk drive 310 are connected to system bus 303 by
ahard disk drive interface 312, a magnetic disk drive interface
313, and an optical drive interface 314, respectively. The
drives and their associated computer-readable media provide
nonvolatile storage of data, data structures, and computer-
executable instructions for computer system 300. Although
the description of computer-readable media above refers to a
hard disk, a removable magnetic disk and a CD, other types of
media that are readable by a computer, such as magnetic
cassettes, flash memory cards, digital video disks and the like,
in a variety of forms, may also be used in the operating
environment; further, any such media may contain computer-
executable instructions for implementing one or more parts of
the present invention.

[0070] A number of program modules may be stored in
drives and RAM 305, including operating system 315, one or
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more application programs 316, other program modules 317,
and program data 318. The application programs 316, for
example, and program data can include functions and meth-
ods programmed to acquire, process and display electrical
data from one or more sensors, such as shown and described
herein. The application programs 316, for example, can
include functions and methods programmed to perform the
functions of the sensing system 24, the mapping system 42,
the location calculator 50 and output generator 52 of FIG. 1.
The sensed electrical data 40, geometry data 38, and the map
data 44 of FIG. 1 can be stored, for example, in memory 302
and 307. Additionally, the application programs and program
data can include functions and methods programmed to pet-
form the method of FIG. 2, and to generate the outputs as
disclosed with respect to FIGS. 3-6.

[0071] A user may enter commands and information into
computer system 300 through one or more input devices 320,
such as a pointing device (e.g., a mouse, touch screen), key-
board, microphone, joystick, game pad, scanner, and the like.
For instance, the user can employ input device 320 to edit or
modify a domain model. These and other input devices 320
are often connected to processing unit 301 through a corre-
sponding port interface 322 that is coupled to the system bus,
but may be connected by other interfaces, such as a parallel
port, serial port, or universal serial bus (USB). One or more
output devices 324 (e.g., display, a monitor, printer, projector,
or other type of displaying device) is also connected to system
bus 303 via interface 326, such as a video adapter.

[0072] Computer system 300 may operate in a networked
environment using logical connections to one or more remote
computers, such as remote computer 328. Remote computer
328 may be a workstation, computer system. router, peer
device, or other common network node, and typically
includes many or all the elements described relative to com-
puter system 300. The logical connections, schematically
indicated at 330, can include a local area network (LAN) and
a wide area network (WAN).

[0073] When used in a LAN networking environment,
computer system 300 can be connected to the local network
through a network interface or adapter 332. When used in a
WAN networking environment, computer system 300 can
include a modem, or can be connected to a communications
server on the LAN. The modem, which may be internal or
external, can be connected to system bus 303 via an appro-
priate port interface. In a networked environment, application
programs 316 or program data 318 depicted relative to com-
puter system 300, or portions thereof, may be stored in a
remote memory storage device 340.

[0074] What have been described above are examples. It s,
of course, not possible to describe every conceivable combi-
nation of components or methodologies, but one of ordinary
skill in the art will recognize that many further combinations
and permutations are possible. Accordingly, the invention is
intended to embrace all such alterations, modifications, and
variations that fall within the scope of this application, includ-
ing the appended claims. As used herein, the term “includes”
means includes but not limited to. the term “including” means
including but not limited to. The term “based on” means
based at least in part on. Additionally, where the disclosure or
claims recite “a,” “an,” ““a first,” or “another” element, or the
equivalent thereof, it should be interpreted to include one or
more than one such element, neither requiring nor excluding
two or more such elements.
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What is claimed is:

1. A method for localizing an object, comprising:

controlling a localization signal that is supplied to an elec-

trode, associated with the object, to produce an electrical
field in tissue of a patient;

storing sensed electrical data in memory based on sensing

electrical signals corresponding to the electrical field;
storing geometry data in the memory, the geometry data
representing a geometric relationship between anatomy
and a plurality of sensors used to detect the electric field;
reconstructing electrical signals at an anatomical envelope
for the tissue based on the geometry data and the sensed
electrical signals; and
analyzing the reconstructed electrical signals to determine
a location where the localization signal was applied.

2. The method of claim 1, wherein the localization signal
applied to the patient’s heart comprises at least one of a
subthreshold electrical signal and a supra threshold electrical
signal.

3. The method of claim 2, wherein the reconstructed elec-
trical signals corresponding to a plurality of reconstructed
electrical signals at respective locations across a surface of
the patient’s heart, and

the analyzing further comprises selecting a localized map-

ping signal, corresponding to an absolute location where
the localization signal was applied by the electrode,
based on an amplitude of each of the plurality of recon-
structed electrical signals.

4. The method of claim 2, further comprising generating
output data to provide a graphical display of the patient’s
heart that includes an indicator at the location where the
localization signal was applied.

5. The method of claim 4, further comprising generating an
electrocardiographic map of the patient’s heart based on the
reconstructed electrical signals, the indicator being superim-
posed on the electrocardiographic map of the patient’s heart.

6. The method of claim 5,

wherein the localization signal is applied by the electrode

while moving relative to the patient’s heart, and
wherein the indicator at the location where the localization

signal was applied is updated in substantially real time to

reflect a substantially current location of the electrode.

7. The method of claim 4, wherein the indicator is dis-
played at a fixed location relative to the electrocardiographic
map of the patient’s heart corresponding to a therapy delivery
site.

8. The method of claim 4, wherein the localization signal is
the subthreshold electrical signal, the method further com-
prising:

repeatedly applying the localization signal a plurality of

times;

analyzing the reconstructed electrical signals produced in

response to each application of the localization signal to
determine the location where the localization signal was
applied,;

adjusting a displayed position of the indicator according to

the determined location, such that the indicator is move-
able in the graphical display of the heart commensurate
with movement of the electrode relative to the patient’s
heart.

9. The method of claim 2,

wherein the subthreshold electrical signal is supplied by a

pulse generator in response to an automated control
signal or a user input; and
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the supra threshold electrical signal is applied in response
to an automated control signal or a user input.

10. The method of claim 1, wherein the localization signal
1s uncorrelated to a cardiac cycle of the patient’s heart, the
method further comprising high-pass filtering the sensed
electrical signals to extract signal content corresponding to
the electrical field produced in response to the localization
signal.

11. The method of claim 1, wherein the electrode is fixed to
or part of a pacing lead or catheter, the method further com-
prising using one of the pacing lead or catheter to deliver the
localization signal to the patient’s tissue.

12. The method of claim 11, wherein the method further
comprises:

delivering a therapy via the pacing lead or catheter;

sensing the electrical signals via the plurality of sensors
during the delivery of the therapy;

generating an electrocardiographic map of the patient’s
heart based on the electric field sensed during the deliv-
ery of the therapy; and

analyzing the reconstructed electrical signals from the
electrocardiographic map to identify a location where
the therapy was delivered.

13. The method of claim 11, further comprising:

generating a electrocardiographic map based on the recon-
structed electrical signals; and

generating a visual indicator on the electrocardiographic
map corresponding to a catheter or pacing lead at loca-
tion where the localization signal was applied, the visual
indicator being superimposed on the electrocardio-
graphic map.

14. The method of claim 1, wherein the localization signal
comprises a subthreshold current pulse having an amplitude
that is less than needed to stimulate the patient’s heart and
having a pulse duration that is set according to a sampling
interval used for sensing the electrical field.

15. The method of claim 1, wherein the location where the
localization signal is determined an absolute three-dimen-
sional position relative to the patient’s heart.

16. The method of claim 1, wherein the sensed electric field
is mapped to provide the reconstructed electrical signals
mapped to one of an epicardial surface of the patient’s heart,
an endocardial surface of the patient’s heart or an envelope of
the patient’s heart.

17. The method of claim 1, wherein the localization signal
applied to the patient’s heart comprises a combination of a
subthreshold electrical signal and a supra threshold signal
applied at different times.

18. A system to localize an object in a patient’s body, the
system comprising:

a pulse generator configured to provide a localization sig-
nal to at least one electrode that is fixed to the object in
the patient’s body;

a sensor array configured to detect an electrical field pro-
duced in response to the localization signal and provide
respective sensor signals;

amap generator configured to reconstruct electrical signals
based on the respective sensor signals and geometry data
representing a geometric relationship between patient
anatomy and the sensor array; and

a location calculator configured to determine a location
where the localization signal was applied based on the
reconstructed electrical signals.
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19. The system of claim 18, wherein the pulse generator is
configured to provide the localization signal as subthreshold
electrical signal.

20. The system of claim 19, wherein the pulse generator is
configured to provide the localization signal as including a
supra threshold electrical signal.

21. The system of claim 18, wherein the location calculator
is configured to compute location data corresponding to a
location where the localization signal was applied in the
patient’s body based on comparing an amplitude of each of
the reconstructed electrical signals.

22. The system of claim 18, further comprising an output
generator configured to provide output data representing a
graphical display of a heart based on the location data, the
graphical display of the heart including an indicator at the
location where the localization signal was applied.

23. The system of claim 22, wherein the output generator is
configured to generate the graphical display of the heart as an
electrocardiographic map based on the reconstructed electri-
cal signals and to generating the indicator superimposed on
the electrocardiographic map representing a catheter or pac-
ing lead passing through the location where the localization
signal was applied.

24. The system of claim 18, further comprising a therapy
system configured to deliver therapy to a therapy site in the
patient’s body, the at least one electrode being affixed to a
selectively moveable element of the therapy system, at least
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one of the pulse generator and the therapy system being
configured to provide the localization signal to the at least one
electrode.

25. The system of claim 24, further comprising an output
generator configured to provide output data representing a
graphical display of the patient’s heart, the graphical display
of the patient’s heart including an indicator at the determined
location where the localization signal was applied, the indi-
cator being presented at a fixed location in the graphical
display of the patient’s heart to identify the therapy site.

26. The system of claim 24, further comprising an output
generator configured to provide output data representing a
graphical display of a heart, the graphical display of the heart
including an indicator at the determined location where the
localization signal was applied, the indicator being moveable
in the graphical display of the heart commensurate with a
current location of the selectively moveable element of the
therapy system.

27. The system of claim 24, wherein the therapy system
comprises one of an ablation therapy system and a pacing
therapy system.

28. The system of claim 18, further comprising a high-pass
filter configured to filter the respective sensor signals to
extract signal content corresponding to the electrical field
produced in response to the localization signal.

29. The system of claim 18, wherein the pulse generator is
configured to supply the localization signal to include a com-
bination of a subthreshold electrical signal and a supra thresh-
old signal applied at different times.
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