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(57) ABSTRACT

An apparatus and method for identifying objects in an ultra-
sound image that includes acquiring ultrasound information
from a catheter, locating the ultrasound information to a
three-dimensional cardiac model having two or more distinct
anatomic objects, displaying at least one of the distinct ana-
tomic objects from the cardiac model within a visual repre-
sentation of the ultrasound information, and identifying the at
least one of the distinct anatomic objects within the visual
representation of the ultrasound information using the iden-
tifier provided for that object in the three-dimensional cardiac
model.
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IDENTIFICATION OF OBJECTS IN
ULTRASOUND

BACKGROUND OF THE INVENTION

[0001] a. Field of the Invention

[0002] The present disclosure relates to catheter devices
and systems, including devices and methods for automati-
cally identifying anatomic objects in an ultrasound image.
[0003] b. Background Art

[0004] Electrophysiology (EP) catheters are used in con-
nection with an ever-increasing number of procedures. Such
catheters have been used, for example, for diagnostic, thera-
peutic, mapping, and ablative procedures. Catheters are com-
monly manipulated through a patient’s vasculature to an
intended site, for example a site within the patient’s heart, and
may carry one or more ultrasound transducers, position sen-
sors, or electrodes for use in sensing, mapping, ablation, or
diagnosis procedures.

BRIEF SUMMARY OF THE INVENTION

[0005] A method for identifying objects in an ultrasound
image includes acquiring ultrasound information from a cath-
eter, locating the ultrasound information to a three-dimen-
sional cardiac model having two or more distinct anatomic
objects, displaying at least one of the distinct anatomic
objects from the cardiac model within a visual representation
of'the ultrasound information, and identifying the at least one
of the distinct anatomic object within the visual representa-
tion of the ultrasound information using the identifier pro-
vided for that object in the three-dimensional cardiac model.
[0006] In an embodiment, the ultrasound information is
registered to the 3-D cardiac model by sensing a signal from
a position sensor associated with the catheter indicative of a
position and orientation of the ultrasound information, and
then using the signal to locate the ultrasound information
within the three-dimensional cardiac model. In an embodi-
ment, the position sensor may be either an electrode config-
ured to respond to an electric field, or a coil that is responsive
to a magnetic field.

[0007] Inanembodiment, distinct anatomic objects may be
displayed within a visual representation of the ultrasound
information by extracting two-dimensional boundary infor-
mation from the three-dimensional cardiac model that is coin-
cident between the model and the registered ultrasound infor-
mation, and then displaying a two-dimensional augmented
echo image that includes a visual representation of ultrasound
information along with an overlay of the extracted, coincident
boundary information. The boundary information may be
visualized as boundary lines, and may be identified using the
same identifiers provided for the features within the 3-D
model. Similarly, in an embodiment, electrophysiological
markers or markers denoting physical points of interest, abla-
tion lesions, catheters, electrodes, or magnetically responsive
coils, may be extracted from the three-dimensional cardiac
model and overlaid on the visual representation of the ultra-
sound information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a general representation of a cardiac
anatomy together with a catheter.

[0009] FIG. 2a is a general representation of a volumetric
cardiac model including a representation of a phased array
catheter.
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[0010] FIG. 25 is a general representation of an augmented
echo image including a phased array ultrasound image and
overlaid boundary information.

[0011] FIG. 3a is a general representation of a volumetric
cardiac model including a representation of a radially scan-
ning catheter.

[0012] FIG. 3b1is a general representation of an augmented
echo image including a radially scanning ultrasound image
and overlaid boundary information.

[0013] FIG. 4a is a general representation of a volumetric
cardiac model including a representation of a phased array
catheter, electrodes, and a point of interest

[0014] FIG. 45 is a general representation of an augmented
echo image including a phased array ultrasound image and
overlaid boundary information, electrodes, and a point of
interest.

[0015] FIG. 5 is a flow chart illustrating a method of iden-
tifying features via ultrasound.

[0016] FIG. 6 is a schematic diagram illustrating a system
for identifying objects via ultrasound.

[0017] FIG. 7a is representation of a volumetric cardiac
model including a representation of a phased array catheter.

[0018] FIG. 74 is a representation of an augmented echo
image including a phased array ultrasound image and over-
laid boundary information.

[0019] FIG. 8is adisplay showing two views of a volumet-
ric cardiac model, along with an augmented echo image
including phased array ultrasound image and overlaid bound-
ary information.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Referring to the drawings, wherein like reference
numerals are used to identify like or identical components in
the various views, FIG. 1 generally illustrates a catheter 10
positioned within a portion of a cardiac anatomy 12. As
generally illustrated in FIG. 1, the catheter 10 may, for
example, be positioned within the right atrium 14 of the
cardiac anatomy 12. In an embodiment, the catheter 10 may
be an intracardiac echo (ICE) catheter that may include one or
more ultrasound transducers, such as ultrasound transducer
16. The catheter 10 may further include one or more position
detectors 18, 20, 22 located toward its distal end, and config-
ured to provide a signal indicative of both a position and
orientation of a portion of the catheter 10.

[0021] Inanembodiment, the position detectors 18, 20, 22,
may be electrodes (e.g., ring-type or spot type or partially
masked electrodes) configured to be responsive to an electric
field transmitted within the body of the subject. Such elec-
trodes may be used to sense an impedance at a particular
location and transmit a representative signal to an external
computer or processor. An example of an impedance-based
position detection system is the EnSite NavX™ System,
commercialized by St. Jude Medical, Inc. of St. Paul, Minn.,
and described in U.S. Pat. No. 7,263,397, entitled “Method
And Apparatus For Catheter Navigation And Location And
Mapping In The Heart,” which is incorporated herein by
reference in its entirety.

[0022] In an embodiment, one or more of the position
detectors 18, 20, 22 may be metallic coils located on or within
the catheter 10, and may be configured to be responsive to a
magnetic field transmitted through the body of the subject.
Multiple coils may be oriented on different axes. Such coils
may sense the strength of the field at a particular location and
transmit a representative signal to an external computer or
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processor. An example of a magnetic-based position detec-
tion system is the Medical Positioning System (gMPS) for
navigation developed by St. Jude Medical, Inc. through its
MediGuide Inc. business unit of Haifa, Israel, and generally
shown and described in U.S. Pat. No. 7,386,339 entitled
“Medical Imaging and Navigation System,” which is incor-
porated herein by reference in its entirety. The position detec-
tion system may also be a combination of one or more mag-
netic coils with one or more electrodes.

[0023] The ultrasound transducer 16 may be configured to
project an ultrasound signal outward through the adjoining
tissue and fluid, and may further receive the ultrasound echo
from such tissue and fluid. In an embodiment, the ultrasound
transducer 16 may be a unidirectional phased array ultra-
sound transducer. Such a transducer may be configured to
project ultrasound energy from one side of the catheter in a
two dimensional plane aligned with the longitudinal axis of
the catheter. In another embodiment, the ultrasound trans-
ducer 16 may be a radially scanning ultrasound transducer
that is configured to project ultrasound energy radially out-
ward from the catheter and further configured to rotate about
the circumference of the catheter through 360 degrees.
[0024] The system may additionally include a processor 24
and a display device 26. The processor, among other process-
ing tasks, may be configured to receive position and/or ori-
entation signals from the one or more position sensors asso-
ciated with the distal end portion of the catheter (e.g. position
sensors 18, 20, 22), may receive ultrasound information from
the one or more ultrasound transducers (e.g. ultrasound trans-
ducer 16), may maintain a three-dimensional volumetric
model of the cardiac anatomy, and may provide various dis-
plays to a display device 26.

[0025] FIGS. 24 and 3a both illustrate an exemplary three-
dimensional cardiac model 30 that may reside in or be main-
tained by the processor 26. The cardiac model 30 illustrated in
FIGS. 2a and 3a, is simplified for the purpose of illustration.
However, in practice, the cardiac model 30 may be more
complex and/or representative of the actual cardiac anatomy
12. In an embodiment, the cardiac model 30 may represent the
walls of an actual cardiac anatomy using a representative
shell with a negligible thickness. In another embodiment, the
walls may have a visible thickness representative of actual
cardiac tissue. The cardiac model 30 may be readily display-
able to a user through the use of a display device 26, such as
a standard computer display.

[0026] In an embodiment, the three dimensional model 30
may be a segmented model that is constructed from two
dimensional slice data obtained from computed tomography
(CT) scans ofa patient’s anatomy 12. In another embodiment,
a 3-D cardiac model 30 may be constructed from two-dimen-
sional magnetic resonance imaging (MRI) slice data. The
slice data may, for example, be automatically assembled into
the segmented 3-D model using a computerized tool such as
the EnSite Verismo™ Segmentation Tool, commercialized by
St. Jude Medical, Inc. In yet another embodiment, the 3-D
model may be generated from rotational angiography. In yet
another embodiment, the 3-D model may be directly created
by moving catheters inside the heart and monitoring the
motion with a 3-D mapping system such as the EnSite™
NavX System. By examining the recorded motion, a 3-D shell
may be fit to the outermost points.

[0027] The cardiac model 30 may include one or more
identifiable objects that may be defined within the coordinate
space of the model (e.g., a cartesian space). In an embodi-
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ment, the one or more objects may include structural and
non-structural objects. Structural objects, such as volumetric
regions of the model (e.g., structures 32, 34, 36), may repre-
sent specific portions of the subject’s cardiac anatomy, such
as the right atrium, left atrium, right ventricle, left ventricle,
aorta, pulmonary vein, and/or pulmonary artery. Other non-
structural objects that may incorporated within the cardiac
model 30 include, for example, anatomical points/regions of
interest (e.g., the pulmonary ostium or sinoatrial (SA) node),
non-anatomic objects of interest (e.g., catheters or elec-
trodes), and other labels or markers placed in the model by the
physician (e.g., intended ablation sites, lesion markers, iden-
tifying labels).

[0028] Each identifiable object may likewise have one or
more properties that define characteristics of a portion of the
object or the object as a whole. In an embodiment, the prop-
erties may relate to the entire object, for example, a numeric
object identifier that may be used to distinguish one object
from another. Alternatively, the properties may be location
specific and, for example, may simply define characteristics
of a single point or portion of the object. These location
specific properties may include, for example, activation time
or electrogram amplitude of the cardiac tissue ata point on the
volumetric structure, a measure of electrical coupling
between a particular electrode and adjacent tissue (provided
at the particular electrode), a measure of distance between a
particular electrode and the cardiac anatomy, or a measure of
the ablation energy or time at a particular point on the volu-
metric structure. In an embodiment where each point (P)
within the cardiac model 30 is physically defined in three
dimensions, the point may be represented, for example, by an
array as shown in Equation 1, where (X, y, z) represent the
location of the point in three dimensions, and (C, Cs,...,C,)
represent the one or more properties at that location. Similar
definitions may exist for entire objects and object-defined
properties.

P=[xy.z,C,Cy, . .. ,C,JEq. 1

[0029] Within the cardiac model 30, each object may be
separately identified through the use of a distinct display
color or textual label. In an embodiment, each identifier may
uniquely relate to a numerical identifier property for that
respective object. For example, and without limitation, within
the display of cardiac model 30, structure 32 may be shaded
a red color, structure 34 may be shaded a blue color, and
structure 36 may be shaded a green color. Alternatively, struc-
ture 32 may be identified with the textual label “Right
Atrium” or “RA,” structure 34 may be identified with the
textual label “Pulmonary Artery” or “PA,” and structure 36
may be identified with the textual label “Aorta” or “Ao.”
Likewise, other identifiable objects may be identified with
other unique colors and/or textual labels.

[0030] Instead of being identified by an object specific
property, each object within the cardiac model 30 may be
represented by a location specific property, such as a plurality
of'colors indicative of the magnitude or nature of a property at
aplurality of points. For example, and without limitation, the
color of every point on a volumetric structure may reflect the
activation time of the cardiac tissue at each point (for
example, as with an electrophysiological map of the cardiac
tissue). In such an embodiment, a spectrum of colors may be
used to represent a range of time values, where, for example,
redder colors may reflect a greater activation time and bluer
colors may reflect a lower activation time.
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[0031] In the case where the cardiac model 30 is created
using a separate imaging modality, such as CT or MRI, the
model 30 may be registered to an actual cardiac anatomy 12
using a position sensing system with one or more position
detectors (e.g., position detectors 18, 20, 22). If the model was
created directly through the use of the positioning system, the
registration of the model 30 to the actual cardiac anatomy 12
may not be necessary, or may be implicit. In an embodiment,
registering a cardiac model may be performed by moving a
catheter 10 through a series of known locations and recording
the position at each location. The system may correlate the
recorded positions to similar positions within an associated
3-D cardiac model 30, and adjust the rotation, offset, and/or
scaling of the cardiac model 30 accordingly. In an embodi-
ment, a physician may manipulate the catheter to known
locations using personal experience with such procedures, or
with the aid of real-time imaging, such as fluoroscopy. In an
embodiment, the physician may use a dynamic registration
tool, such as the EnSite Fusion™ Registration Tool, commer-
cialized by St. Jude Medical, Inc., to accomplish the registra-
tion between a cardiac model 30, and an actual cardiac
anatomy 12.

[0032] After the cardiac model 30 is registered to an actual
cardiac anatomy 12 (either explicitly or implicitly), the sys-
tem may incorporate a representation of a catheter 38 within
the cardiac model 30. The catheter representation 38 may be
positioned and oriented within the model 30 based on the
position and orientation of the actual catheter 10. Further-
more, by understanding the physical relationship between
one or more position sensors (e.g., position sensors 18, 20,
22) and the ultrasound transducer 16, the system may derive
an exact position and orientation of the 2-D ultrasound
spread. Knowledge of this positional relationship may then
allow the system to locate a corresponding two-dimensional
ultrasound image 40, 42 within the cardiac model 30, e.g., as
shown in FIGS. 24 and 3a. The ultrasound image 40, 42
displayed within the 3-D cardiac model 30 may be represen-
tative of the ultrasound information obtained by the trans-
ducer 16; and, for example, may, if desired, display tissues of
greater acoustic reflectivity using increasingly bright mono-
chrome colors.

[0033] FIG. 2a illustrates an embodiment in which the
ultrasound transducer 16 is a phased array ultrasound trans-
ducer. As generally illustrated, the ultrasound image 40
projects out directionally from a portion of the catheter rep-
resentation 38. FIG. 3a illustrates an embodiment where the
ultrasound transducer 16 is a radially scanning ultrasound
transducer. As generally illustrated in FIG. 3a, the ultrasound
image 42 projects out radially from the catheter 38 in a man-
ner that may be generally orthogonal to the axis of the catheter
38.

[0034] Once a two-dimensional ultrasound image 40, 42 is
located within the cardiac model 30, the image may be used to
generally define a model slice plane. As used herein, the
model slice plane may be a two-dimensional plane, located
within a three-dimensional model-space, that contains the
two-dimensional ultrasound image 40, 42, and further inter-
sects the representation of the catheter 38 and a portion of the
cardiac model 30.

[0035] The system may use the model slice plane for the
purpose of extracting model information that lies within the
plane of the ultrasound image. In an embodiment, the inter-
section of the model slice plane and cardiac model may create
a set of boundary lines that represent the walls of a cardiac
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anatomy within that plane. As shown generally in FIGS. 26
and 34, the boundary information 50 may then be overlaid on
an independent visualization of the ultrasound information
52, 54 to create an augmented echo image 56, 58.

[0036] Inan embodiment employing a phased array ultra-
sound transducer, such as generally illustrated in FIG. 25, the
augmented echo image 56 may contain a first boundary
marker 60 that corresponds to structure 32 depicted in FIG. 2a
Likewise a second boundary marker 62 may correspond to
structure 34, and a third boundary marker 64 may correspond
to structure 36.

[0037] In an embodiment employing a radially scanning
ultrasound transducer, as generally illustrated in FIG. 35, an
augmented echo image 58 may contain a first boundary
marker 66 that may correspond to structure 32 depicted in
FIG. 3a, and a second boundary marker 68 may correspond to
structure 36. Since the ultrasound plane (and hence the model
slice plane) does not intersect structure 34 (as illustrated in
FIG. 3a), it is not represented within the augmented echo
image 58.

[0038] In addition to identifying structural objects within
the plane of the ultrasound image, the system may also be
configured to extract other non-structural objects located
within a given tolerance of the model slice plane, as generally
shown in FIGS. 44 and 4b. As previously described, such
other objects may include markers identifying physical points
or areas of interest within the cardiac anatomy (e.g., the SA
node and/or pulmonary ostium), electrophysiological mark-
ers identifying items specific to a procedure (e.g., ablation
lesion markers and/or markers denoting tissue with a specific
electrophysiological property), or a representation of a cath-
eter, electrode, or magnetically responsive coil.

[0039] FIG. 4a illustrates a generalized 3-D cardiac model
30 that includes an identification of other non-structural
objects (i.e., catheter electrodes 70, 72, and marker 74) within
the cardiac model. As described above, a two-dimensional
ultrasound image 40 may be located within the cardiac model
30, and may be used to generally define a model slice plane.
The system may use the model slice plane for the purpose of
identifying anatomic structure within the plane of the ultra-
sound image. Additionally, the system may examine the
model and extract other, non-structural objects that exist
within a given tolerance of the model slice plane. Such fea-
tures not lying within the model slice plane may be orthogo-
nally projected to the plane for the purpose of constructing the
overlay and augmented echo image 56. As shown in FIG. 45,
catheter electrodes 70 within the model may be displayed as
electrodes 80 within the augmented echo image. Likewise,
electrodes 72 may be displayed as electrodes 82, and marker
74 may be displayed as marker 84.

[0040] To aid a physician or other medical professional in
readily identifying objects represented in the augmented echo
image (e.g. augmented echo image 56, 58), the system may,
upon instruction or automatically, identify each object in the
augmented echo image (e.g., structures 60, 62, 64 in FIG. 254)
using the same or a similar unique identifier provided for that
object in the cardiac model 30. For example, with reference to
FIGS. 2a and 25, if structure 32 was shaded a red color, the
corresponding boundary marker 60 within the augmented
echo image 56 may be displayed using the same (or similar)
red color. Likewise if structure 34 was shaded a blue color, the
corresponding boundary marker 62 may be displayed using a
similar blue color; and if structure 36 were green, boundary
marker 64 may be displayed using a similar green color. In
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another embodiment, if one or more of the objects within the
cardiac model 30 are colored to reflect the magnitudes and/or
nature of various properties of the object, the colors of each
object at or within a given tolerance of the model slice plane
may reflected in the representation of the object within the
augmented echo image

[0041] If a textual label is used to uniquely identify a par-
ticular object within the cardiac model 30, the same textual
label (or an abbreviation thereof) may be used within the
augmented echo image 56, 58 to identify the corresponding
representation of that object. Such identification, through the
use of a color and/or textual label may be equally used with
both structural objects, such as volumetric regions of the
model, and non-structural objects, such as lesion markers,
electrodes, or other points of interest.

[0042] FIG. 5 generally illustrates a flow chart for an
embodiment of a method of automatically identifying objects
in an ultrasound image. In step 100, the system acquires
ultrasound information from a catheter, such as an intracar-
diac echo (ICE) catheter. Such information may, for example,
come from a radially scanning ultrasound transducer or from
a phased array ultrasound transducer that is located near or at
the distal end of a catheter in a subject’s heart. The received
information may be capable of being visualized in a two
dimensional image, where increasingly acoustically reflec-
tive tissue may be displayed using, for example, increasingly
bright monochrome colors.

[0043] In step 102, the acquired ultrasound information is
located within a 3-D model of the subject’s cardiac anatomy.
In an embodiment, locating the ultrasound information may
involve identifying the position and orientation of a represen-
tation of an ultrasound transducer within the model such that
the representation reflects the position and orientation of an
actual transducer within a subject’s actual cardiac anatomy
(as it may be perceived by a positioning system such as the
Ensite NavX™ System, commercialized by St. Jude Medical,
Inc.). By accurately positioning the transducer representation
within the model, the system may likewise be capable of
locating the 2-D ultrasound image projection within the 3-D
model. In an embodiment where the model was created using
a real time positioning system associated with the physical
patient, or where the model has been previously registered to
the catheter positioning system, no explicit registration may
be required. However, if the cardiac model was created apart
from the operative procedure, or was created using another
imaging means (e.g., CT or MRI), the model may need to be
explicitly registered to the catheter positioning system (or
vice-versa).

[0044] Where an explicit registration between the cardiac
model and positioning system is needed, the system may, for
example, use/employ rigid body registration techniques that
scale and/or rotate the model to align with the anatomy.
Alternatively, registration may occur through the use of a
dynamic registration tool, such as the Ensite Fusion™ Reg-
istration Tool, commercialized by St. Jude Medical, Inc. After
the model is registered with the subject’s cardiac anatomy
(either explicitly or implicitly), the origin and orientation of
the ultrasound information may be located within the cardiac
anatomy using the positioning system, and located within the
model using the established registration.

[0045] In an embodiment, the model may contain a plural-
ity of structural or non-structural objects such as volumetric
regions or other items of interest, where each object may be
identified within the model using a separate identifier, such as
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a distinct color and/or textual label. In step 104, objects coin-
cident with the plane of the ultrasound information may be
extracted from the 3-D cardiac model. Such objects may
include boundary information defining the walls of certain
cardiac structures, or may include other non-structural
objects of interest to the physician that lie within a given
tolerance of the plane. In Step 106, the extracted objects may
be overlaid on an independent visualization of the 2-D ultra-
sound information. This overlay may result in a composite
image that provides more clearly identified structural bound-
aries or identification of features than the ultrasound alone.
[0046] Finally, in step 108, the overlaid objects in the com-
posite image may be identified using the same or similar
identifiers used for a particular corresponding object associ-
ated with the 3-D model. For example, if a particular ana-
tomic structure was identified using a particular color, the
corresponding boundary lines in the composite image would
be identified using the same color. Likewise, if a particular
textual label or symbol were used in the model, the same label
or symbol would be used in the composite image.

[0047] FIG. 6 illustrates a schematic of a system for iden-
tifying objects in an ultrasound image. As shown, the system
may include a catheter 10, such as an ICE catheter, that is
capable of projecting and receiving ultrasound information
110. The ultrasound information 110 may be transmitted/
received using, for example, a phased array ultrasound trans-
ducer or a radially scanning ultrasound transducer. A distal
portion of the catheter 10 may further be configured with one
or more position sensors 112 configured to receive an external
signal from which a position and orientation may be derived.
The one or more position sensors may include, for example,
electrodes configured to monitor an externally generated
electric field, such as with the EnSite NavX™ System, or may
include magnetically responsive coils configured to monitor
an externally generated magnetic field, such as with the Medi-
cal Positioning System (gMPS).

[0048] Inan embodiment, the catheter 10 may provide the
ultrasound information 110 to a 2-D echo imaging system
114. The echo imaging system 114 may be configured to
convert the received ultrasound information into an ultra-
sound image 116 that may be capable of being displayed on a
monitor 118.

[0049] The catheter 10, may likewise provide a signal from
each of the one or more position sensors 112 to a position
sensing system 120, which may be configured to derive posi-
tion and orientation of the distal portion of the catheter 10.
The position sensing system 120 may be configured to pro-
vide the 3D position and orientation of the catheter 10 (with
up to six degrees of freedom) to a visualization processor 122
that may maintain a 3D model 124 of a cardiac anatomy. The
3D model 124 may include a plurality of objects 126, and
each object may have one or more properties 128 that define
characteristics of that object 126, or characteristics of points
within the object 126. In an embodiment, the visualization
processor 122 may use the provided position and orientation
of the distal portion of the catheter 10 to locate a representa-
tion of the catheter within the 3D model 124 of a cardiac
anatomy.

[0050] In an embodiment, the echo imaging system 114
may additionally provide a representation of the ultrasound
information to the visualization processor 122. Using the
position and orientation of the distal portion of the catheter
10, the visualization processor 122 may locate the represen-
tation of the ultrasound information within the model 124.
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[0051] The visualization processor 122 may be configured
to provide a representation of the 3D model 124 to a display
130. The representation may include a display of the main-
tained 3D model (including anatomical structure 132), and
may further include a located representation of the ultrasound
information within the model (e.g., ultrasound image 134).
[0052] Thevisualization processor 122 may further include
an echo overlay sub-processor 136. This sub-processor may
allow the visualization processor 122 to extract objects within
the plane of the ultrasound information (or within a specified
tolerance of the plane) and generate an overlay image 138.
The echo overlay sub-processor may further be configured to
display the overlay image 138 with the ultrasound image 116
on monitor 118. When generating the overlay, the echo over-
lay sub-processor 136 may be configured to maintain existing
references between each object 126 and any properties 128
associated with that object. By maintaining such references,
objects within the overlay 138 may be uniquely identified
(e.g., through specific colors, or textual references) in a simi-
lar manner as they are in the representation of the 3D model
124 on display 130.

[0053] As further illustrated in FIG. 6, the system allows a
user 140 to interact with both the display of the 3D model 130
or the display of the augmented echo image 118 to mark
features of interest to the user. In an embodiment, the user 140
may identify points within either image through the use of
labels, markers, or other such tags. These objects may be
useful in identifying, for example, lesion points or structural
abnormalities.

[0054] In an embodiment, the user may create a non-struc-
tural object, such as a marker, by selecting the intended loca-
tion for the marker in either image. Once the marker has been
set within the image, the visualization processor may transfer
the location coordinates from the image to the 3D model 124
as an object 126. If the catheter 10 is subsequently moved so
that the plane of the ultrasound information 110 no longer
contains the set object, the object may then disappear from the
augmented echo display 118 (though may still be visible in
the 3D model display 130). If the ultrasound plane is moved
back to a position and/or orientation to contain the set point
again, the object may be presented via the overlay 138 as
similar to any other object within the plane.

[0055] In an embodiment, the 2-D echo imaging system
114, the position sensing system 120, and the visualization
processor 122 may all be separate components that are in
communication with each other through, for example, elec-
trical or RF means. In another embodiment, any two or more
of'the systems or processors may reside within a single multi-
purpose computer. The physical relationship of the systems
and/or processors should not be construed to limit this scope
of the invention.

[0056] FIG. 7a illustrates a more complex segmented car-
diac model 200 that may be assembled from CT or MRI slices
of a subject’s cardiac anatomy. As illustrated, the model 200
shows the right atrium 202, left atrium 204, aorta 206, and
pulmonary artery 208. In an embodiment, various structures
within the model 200 may be identified using distinct colors.
For example, the right atrium 202 may be a blue color, the left
atrium 204 may be a beige color, the aorta 206 may be
magenta, and the pulmonary artery 208 may be red.

[0057] A representation of a catheter 210 may further be
located within the model of the heart 200 and positioned and
oriented according to the sensed position of the actual cath-
eter within the subject. As illustrated, the catheter represen-
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tation 210 may project a 2-D visualization of the ultrasound
information 212 received by the actual catheter. If displayed,
the ultrasound image 212 may likewise be oriented within the
3-D model according to a sensed position and orientation of
the actual catheter within the subject. The ultrasound image
212 may contain at least one portion of lighter contrast (e.g.,
area 214) that may represent tissues of greater density within
the subject.

[0058] As illustrated in FIG. 74, the ultrasound image 212
from FIG. 5a may be displayed independently from the model
200. Within the ultrasound image 212, there may likewise be
at least one portion of lighter contrast (e.g., area 214) repre-
senting tissue of greater acoustic reflectivity within the sub-
ject. Additionally, boundary information, or other objects
within the model 200, and coincident with the plane of the
ultrasound image 212, may be extracted from the model 200
and overlaid on the ultrasound image 212 to form an aug-
mented echo image 220. Such boundary information may
include boundary lines that are identifiable as belonging to
the right atrium 222, left atrium 224, aorta 226, and pulmo-
nary artery 228.

[0059] Within the augmented echo image 220, the various
other structural objects may be identified using the same or
similar identifiers provided in connection with the cardiac
model. For example, as shown in FIG. 55, the boundary lines
representing the right atrium 222 may be colored a blue color
to match the color used for the right atrium 202 in the model
200. Similarly, the left atrium boundary lines 224 may be
colored beige, the aorta boundary lines 226 may be magenta,
and the pulmonary artery boundary lines 228 may be red.
[0060] As illustrated in FIG. 8, various views (e.g., views
240, 242) of the cardiac model 200, along with the augmented
echo image 220 and other vital information 244, may be
displayed in a single consolidated display environment 246.
[0061] While numerous embodiments of this disclosure
have been described above with a certain degree of particu-
larity, those skilled in the art could make numerous alterations
to the disclosed embodiments without departing from the
spirit or scope of the invention. All directional references
(e.g., plus, minus, upper, lower, upward, downward, left,
right, leftward, rightward, top, bottom, above, below, vertical,
horizontal, clockwise, and counterclockwise) are only used
for identification purposes to aid the reader’s understanding
of the present invention, and do not create limitations, par-
ticularly as to the position, orientation, or use of the invention.
Joinder references (e.g., attached, coupled, connected, and
the like) are to be construed broadly and may include inter-
mediate members between a connection of elements and rela-
tive movement between elements. As such, joinder references
do not necessarily infer that two elements are directly con-
nected and in fixed relation to each other. It is intended that all
matter contained in the above description or shown in the
accompanying drawings shall be interpreted as illustrative
only and not limiting. Changes in detail or structure may be
made without departing from the spirit of the invention as
defined in the appended claims.

What is claimed:
1. A method of identifying objects in an ultrasound image
comprising:

acquiring ultrasound information from a catheter;

locating the ultrasound information within a three-dimen-
sional cardiac model having two or more distinct
objects, where each distinct object has a unique identi-
fier;
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displaying at least one distinct object from the cardiac
model within a visual representation of the ultrasound
information; and

identifying the at least one distinct object within the visual

representation of the ultrasound information using an
identifier corresponding to the identifier provided for
that object in the three-dimensional cardiac model.

2. The method of claim 1, wherein locating includes:

receiving a signal from the catheter that is indicative of a

position and orientation of the ultrasound information;
and,

using the signal to determine a plane containing the ultra-

sound information within the three-dimensional cardiac
model.
3. The method of claim 2, wherein the signal indicative of
a position and orientation is provided by a coil responsive to
a magnetic field.
4. The method of claim 2, wherein the signal indicative of
a position and orientation is provided by an electrode respon-
sive to an electric field.
5. The method of claim 1, wherein displaying at least one
distinct object within a visual representation of the ultrasound
information includes:
extracting two-dimensional boundary information from
the three-dimensional cardiac model that is coincident
between the model and a plane containing ultrasound
information, the boundary information corresponding to
at least one distinct object of the model; and

displaying a two-dimensional augmented echo image
including a visual representation of ultrasound informa-
tion and boundary lines representing the extracted, coin-
cident boundary information.

6. The method of claim 5, wherein an object is a volumetric
region of the cardiac model;

each of two or more volumetric regions of the cardiac

model is colored or provided with a unique color iden-
tifier; and

wherein identifying the at least one distinct object within

the representation of the ultrasound information
includes coloring the boundary lines according to the
color identifiers of the volumetric regions within the
cardiac model.

7. The method of claim 5, further comprising displaying
the augmented echo image and a visualization of the three-
dimensional cardiac model in a consolidated display.

8. The method of claim 1, wherein an object is a volumetric
region of the cardiac model, a marker identifying a physical
point of interest, an electrophysiological marker, or a repre-
sentation of a catheter, electrode, or magnetically responsive
coil.

9. The method of claim 1, wherein a unique identifier
corresponds to a property of the object.

10. The method of claim 1, wherein a unique identifier
comprises a color identifier.

11. The method of claim 1, wherein a unique identifier
comprises a textual label.

12. The method of claim 1, wherein at least one object
within the three-dimensional cardiac model is specified via
the visual representation of the ultrasound information.

13. The method of claim 12, wherein the object specified
via the visual representation of the ultrasound information is
identified within the three-dimensional cardiac model using
an identifier provided for that object in the visual representa-
tion of the ultrasound.
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14. A system for identifying objects in an ultrasound image
comprising;

a catheter configured to provide ultrasound information;

a display device; and

a processor configured to receive ultrasound information

from the catheter, extract two dimensional boundary
information from a three dimensional cardiac model,
overlay the two dimensional boundary information onto
a visualization of the ultrasound information to form an
augmented echo image, identify the boundary informa-
tion within the augmented echo image using identifiers
provided within the three dimensional cardiac model,
and display the augmented echo image on the display
device.

15. The system of claim 14, wherein the processor is fur-
ther configured to register the three dimensional cardiac
model to the subject’s actual anatomy.

16. The system of claim 14, wherein the processor is fur-
ther configured to provide a representation of the catheter
within the three dimensional cardiac model based on position
information provided by an electrode or coil associated with
the catheter.

17. The system of claim 14, wherein the identifiers pro-
vided within the three dimensional cardiac model are one or
more colors each relating to distinct anatomic structures.

18. The system of claim 14, wherein the processor is fur-
ther configured to overlay a non-structural object from the
three dimensional cardiac model onto the visualization of the
ultrasound information.

19. The system of claim 14, wherein the display device is
configured to receive an indication of an object via the display
of the augmented echo image; and further wherein the pro-
cessor is configured to locate the indicated object within the
three dimensional cardiac model.

20. A method for identifying objects in an ultrasound
image comprising:

receiving position and orientation information from a cath-

eter;

using the received position and orientation to define a two

dimensional plane within a three dimensional cardiac
model,;

extracting one or more objects of the model coincident with

the two dimensional plane;
receiving ultrasound information from the catheter;
assembling an augmented echo image including ultra-
sound information and one or more extracted objects;

identifying each of the one or more extracted objects within
the augmented echo image using an identifier provided
for that object within the three dimensional cardiac
model;

providing the augmented echo image and three dimen-

sional cardiac model for display on a display device.

21. The method of claim 20, wherein the position and
orientation information are received from a electrode or coil
located near the distal end portion of the catheter.

22. The method of claim 20, wherein the one or more
extracted objects are boundary lines representative of the
walls of the three dimensional cardiac anatomy that are coin-
cident with the two dimensional plane, and the boundary lines
within the augmented echo image are identified by coloring
the lines using the same color provided for that anatomy
within the three dimensional cardiac model.
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