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METHOD AND SYSTEM FOR
SUPERIMPOSING VIRTUAL ANATOMICAL
LANDMARKS ON AN IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 12/941,514, filed 8 Nov. 2010 (the ’514
application), now pending, which is a continuation-in-part
(CIP) of U.S. application Ser. No. 11/233,420, filed 16 Sep.
2005 (the 420 application), now U.S. Pat. No. 8,442,618,
which is a continuation-in-part (CIP) of U.S. application Ser.
No. 10/986,567, filed 10 Nov. 2004 (the *567 application),
now U.S. Pat. No. 9,572,519, which is a continuation-in-part
(CIP) of U.S. application Ser. No. 10/938,395, filed 9 Sep.
2004 (the *395 application), now U.S. Pat. No. 7,778,688.
The *514 application, the *420 application, the *567 appli-
cation, and the 395 application are all hereby incorporated
by reference as though fully set forth herein. In addition, as
to U.S. application Ser. No. 09/949,160, filed 7 Sep. 2001
(the 160 application), now U.S. Pat. No. 7,343,195, U.S.
application Ser. No. 09/782,528, filed 13 Feb. 2001 (the 528
application), now U.S. Pat. No. 7,386,339, and U.S. appli-
cation Ser. No. 09/314,474, filed 18 May 1999 (the ’474
application), now U.S. Pat. No. 6,233,476, the *160 appli-
cation, the *528 application, and the 474 application are all
hereby incorporated by reference as though fully set forth
herein.

BACKGROUND OF THE INVENTION

a. Field of the Invention

[0002] The instant invention relates generally to medical
imaging and navigation systems and more particularly to a
method and system for superimposing virtual anatomical
landmarks on an image.

b. Background Art

[0003] In the field of medical imaging and navigation,
anatomical landmarks within a region of interest (i.e., in a
patient’s body) are often poorly visible or even invisible on
a fluoroscopic image of the region of interest. This lack of
visibility may limit or even prevent identification of such
anatomical landmarks by a physician during a medical
procedure.

[0004] There is therefore a need for an improved method
and system for superimposing marks on an image.

BRIEF SUMMARY OF THE INVENTION

[0005] One advantage of the methods and apparatus
described, depicted and claimed herein relates to the ability
to accurately and more flexibly specify virtual landmarks
within a region of interest in a patient’s body (or cavity
thereof) without the need to first traverse a path with the
location-enabled medical tool in order to first compute a
trajectory. Another advantage relates to the ability to desig-
nate virtual landmarks in a region of interest (including a
cavity such as a heart chamber) and not just in a body lumen.
[0006] This disclosure is directed to an apparatus and
method for superimposing a virtual landmark on an image of
a region of interest in a patient’s body. The apparatus
includes a localization system and a control unit. The
localization system is configured to produce location read-
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ings with respect to points within the region of interest in
accordance with an output of a location sensor disposed in
a medical device as the device moves within the region of
interest. The location readings are associated with a refer-
ence coordinate system, which is registered with an image
coordinate system associated with the image. The control
unit provides a user interface configured to receive a signal
(e.g., from a user) to record a location reading in accordance
with the output of the location sensor, where the recorded
location reading corresponds to a desired point within the
region of interest where the virtual landmark is to be
established. The signal, in one embodiment, may be an input
provided by the user at the desired point on the image where
the virtual landmark is to be established. The control unit is
configured to determine a target location in the image
coordinate system, corresponding to the recorded location
reading. The control unit is further configured to superim-
pose a representation of the virtual landmark on the image
at the target location.

[0007] In an further embodiment, the control unit is fur-
ther configured to (1) modify the recorded location reading
to compensate for motion at the desired point in the region
of interest between a first time when the image was acquired
and a second time when the location reading was recorded,
and (2) transform the motion-compensated location reading
from the reference coordinate system to the image coordi-
nate system. The motion compensation may be performed in
accordance with various motion inputs indicative of the
motion of the region of interest. The motion inputs may
include an input from a patient reference sensor (PRS)
configured to be affixed to the patient and providing PRS
location readings indicative of patient body movements and
respiration-induced movements, an input from an ECG
monitor indicative of heartbeat-induced movements and an
input from an internal location reference sensor local to the
region of interest.

[0008]

[0009] These and other benefits, features, and capabilities
are provided according to the structures, systems, and meth-
ods depicted, described and claimed herein.

A corresponding method is also presented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a schematic and block diagram view of a
system incorporating an embodiment for superimposing
virtual anatomical landmarks on an image.

[0011] FIG. 2 is a diagrammatic view of the system of
FIG. 1 in a catheter-lab environment.

[0012] FIG. 3 is a diagrammatic view of a medical tool
equipped with an MPS location sensor used to designate a
desired point in a region of interest for a virtual anatomical
landmark.

[0013] FIG. 4 is a diagrammatic view of a three-dimen-
sional representation of a virtual anatomical landmark
shown in relation to a reference coordinate system.

[0014] FIGS. SA-5B are diagrammatic views of a virtual
anatomical landmarks superimposed on two-dimensional
images.

[0015] FIG. 6 is a flowchart showing a method for super-
imposing virtual anatomical landmarks on an image.
[0016] FIG. 7 is a schematic and block diagram of one
exemplary embodiment of a medical positioning system
(MPS).
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DETAILED DESCRIPTION OF THE
INVENTION

[0017] Referring now to the drawings wherein like refer-
ence numerals are used to identify identical components in
the various views, F1G. 1 is a diagrammatic view of a system
10 in which aspects of an apparatus and method for super-
imposing virtual anatomical landmarks on an image may be
embodied. It should be understood that while embodiments
will be described in connection with a magnetic field-based
positioning system in a catheter-lab environment, this is
exemplary only and not limiting in nature.

[0018] As described in the Background, anatomical land-
marks within a region of interest in a patient’s body are often
only poorly visible or even invisible on a fluoroscopic image
of the region. This lack of visibility may encumber the
identification of the landmark by a physician during a
medical procedure. There is therefore a desire to improve the
visibility of an anatomical landmark, whether on live fluo-
roscopic images or still or cine-loops captured at an earlier
time. Embodiments of the invention establish a virtual
anatomical landmark on an image, which is configured to be
readily visible, in the same location in the region of interest
where the anatomical landmark exists, thus aiding naviga-
tion during a medical procedure.

[0019] With continued reference to FIG. 1, the system 10
as depicted includes a main control unit 12 (e.g., a proces-
sor) having various input/output mechanisms 14, a display
16, an image database 18, a localization system such as a
medical positioning system (MPS) 20, an electrocardiogram
(ECG) monitor 22, one ore more MPS location sensors
respectively designated 24,, 24, and 24,, and an MPS-
enabled medical device or tool 26 which itself includes an
MPS location sensor (i.e., sensor 24,).

[0020] The control unit 12, in a computer-implemented
embodiment, is programmed to perform a plurality of func-
tions, including the functions of (1) establishing a virtual
anatomical landmark, as performed by block 28 (i.e., asso-
ciating a virtual anatomical landmark with a corresponding
anatomical location); (2) compensating for motions in the
regions of interest with respect to the location of the virtual
landmark, as performed by block 30; and (3) superimposing
a representation of the virtual anatomical landmark on an
image, as performed by block 32.

[0021] The virtual anatomical landmark set-up block 28 is
configured generally to present a user interface configured to
allow a user (i.e., a physician) to designate when the
MPS-enabled medical tool 26 has been maneuvered to a
desired point in the region of interest where the virtual
landmark is to be established. The block 28 is further
configured to record the device MPS location reading when
so indicated by the user.

[0022] The motion compensation block 30 is configured
generally to modify the recorded MPS location reading so as
to account for patient body, respiration and cardiac related
motions between the time when the recorded location read-
ing (for the virtual landmark) was acquired and some earlier
time (e.g., the time when the image on which the virtual
landmark is to be superimposed). The motion compensation
block 30 will take as inputs a number of signals indicative
of the motion in the region of interest, as described below.
The motion-compensated location reading (in the reference
coordinate system) is then transformed into a corresponding
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target location in the image coordinate system. The image
coordinate system is preferably registered with the reference
coordinate system.

[0023] The superimposing function block 32 is configured
generally to superimpose a representation of the virtual
landmark on the image of the region of interest, which may
have been acquired at an earlier time, may be an image in a
cine-loop acquired at an earlier time or may be “live”
fluoroscopy. The virtual landmark is superimposed at the
target location in the image coordinate system, which cor-
responds to the actual anatomical landmark designated by
the user. The resulting composite image may then be dis-
played to the user (e.g., a physician) on the display 16. The
user may use the composite image for navigation purposes
during a medical procedure. Superimposing function block
32 may include conventional apparatus and methods for
performing the superimposing function (e.g., may include a
superimposing processor).

[0024] The system 10 enables placement of virtual ana-
tomical landmarks in a recorded location of the MPS-
enabled medical device 26 rather than as pointers along a
path (i.e., computed trajectory) that the device has traversed,
as described in the Background. Embodiments of the inven-
tion provide greater flexibility in at least two different ways:
(1) from a procedural point of view, a virtual anatomical
landmark can be recorded without requiring the user (or
system) to record medical device positions throughout a
traveled path; and (2) the anatomy serviceable by embodi-
ments of the invention is not limited to tubular organs like
arteries (i.e., body lumens) and includes open cavities such
as a heart chamber.

[0025] The input/output mechanisms 14 may comprise
conventional apparatus for interfacing with a computer-
based control unit, for example, a keyboard, a mouse, a
tablet, a foot pedal, a switch or the like. The display 16 may
also comprise conventional apparatus.

[0026] Embodiments consistent with the invention may
find use in navigation applications that use imaging of a
region of interest (as described above). Therefore the system
10 may include the image database 18. The image database
18 may be configured to store image information relating to
the patient’s body, for example a region of interest surround-
ing a destination site for the medical tool and/or multiple
regions of interest along a navigation path contemplated to
be traversed by the medical tool to reach the destination site.
The image data in the database 18 may comprise known
image types including (1) one or more two-dimensional still
images acquired at respective, individual times in the past;
(2) a plurality of related two-dimensional images obtained in
real-time from an image acquisition device (e.g., fluoro-
scopic images from an x-ray imaging apparatus, such as that
shown in exemplary fashion in FIG. 2) wherein the image
database acts as a buffer (“live” fluoroscopy); and/or (3) a
sequence of related two-dimensional images defining a
cine-loop (CL) wherein each image in the sequence has at
least an ECG timing parameter associated therewith
adequate to allow playback of the sequence in accordance
with acquired real-time ECG signals obtained from the ECG
monitor 22. It should be understood that the foregoing are
examples only and not limiting in nature. For example, the
image database may also include three-dimensional image
data as well. It should be further understood that the images
may be acquired through any imaging modality now known
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or hereafter developed for example X-ray, ultra-sound, com-
puterized tomography, nuclear magnetic resonance or the
like.

[0027] The MPS 20 is configured to serve as the localiza-
tion system and therefore to determine positioning (local-
ization) data with respect to one or more of the MPS location
sensors 24, (where i=1 to n) and output a respective location
reading. The location readings may each include at least one
or both of a position and an orientation (P&O) relative to a
reference coordinate system, which may be the coordinate
system of the MPS 20. The P&O may be expressed as a
position (i.e., a coordinate in three axes X, Y and 7) and
orientation (i.e., an azimuth and elevation) of the magnetic
field sensor in the magnetic field relative to a magnetic field
generator(s) or transmitter(s). Other expressions of a P&O
(e.g., other coordinates systems) are known in the art and fall
within the spirit and scope of the present invention (e.g., see
for example FIG. 3 and associated text of U.S. Pat. No.
7,343,195 entitled “METHOD AND APPARATUS FOR
REAL TIME QUANTITATIVE THREE-DIMENSIONAL
IMAGE RECONSTRUCTION OF A MOVING ORGAN
AND INTRA-BODY NAVIGATION” to Strommer et al,
incorporated by reference in its entirety, viz. location [X, Y,
7] and orientation (angles o, f, and y)).

[0028] The MPS 20 determines respective locations (i.e.,
P&O’s) in the reference coordinate system based on cap-
turing and processing signals received from the magnetic
field sensors 24, while such sensors are disposed in a
controlled low-strength AC magnetic field (see FIG. 2).
Fach sensor may comprise one or more magnetic field
detection coil(s), and it should be understood that variations
as to the number of coils, their geometries, spatial relation-
ships, the existence or absence of cores and the like are
possible. From an electromagnetic perspective, these sen-
sors develop a voltage that is induced on the coil residing in
a changing magnetic field, as contemplated here. The sen-
sors 24, are thus configured to detect one or more charac-
teristics of the magnetic field(s) in which they are disposed
and generate an indicative signal, which is further processed
by the MPS 20 to obtain a respective P&O thereof. For one
example of a sensor, see U.S. Pat. No. 7,197,354 entitled
SYSTEM FOR DETERMINING THE POSITION AND
ORIENTATION OF A CATHETER issued to Sobe, hereby
incorporated by reference in its entirety.

[0029] FIG. 1 shows a first MPS location reference sensor
24, for purposes of providing a motion compensation input
indicative of motion local to the region of interest, for
example as seen by reference to co-pending U.S. patent
application Ser. No. 12/650,932 (docket no. OK-042000US
(065513-0229)), filed Dec. 31, 2009, entitled “COMPEN-
SATION OF MOTION IN A MOVING ORGAN USING
AN INTERNAL POSITION REFERENCE SENSOR”,
owned by the common assignee of the present invention and
hereby incorporated by reference in its entirety herein. One
or more of such location reference sensors 24, may be
realized using, for example, disposable invasive medical
tools and/or devices that may be used in the procedure even
apart from their function as “carriers” of location reference
sensors. Other sensor types may be used for motion com-
pensation, including without limitation accelerometers as
well as others known in the art.

[0030] The second MPS location sensor 24, is associated
with the MPS-enabled medical tool 26, and may be, for
example, disposed in the tip of a catheter as described below.
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The third MPS sensor—the patient reference sensor (PRS)
24,—is configured to provide a stable, positional reference
of the patient’s body so as to allow motion compensation for
gross patient body movements and/or respiration-induced
movements. In this regard, the PRS 24, may be attached to
the patient’s manubrium sternum, a stable place on the chest,
or other location that is relatively positionally stable. Fur-
thermore, the PRS 24, may be implemented by a multiplicity
of physical sensors that are attached to different locations on
the patient’s body. Like the other MPS location sensors, the
PRS 24, is also configured detect one or more characteristics
of the magnetic field in which it is disposed wherein the
MPS 20, based on the sensor’s output, provides a location
reading (e.g., a position and orientation (P&QO) reading)
indicative of the PRS’s three-dimensional position and ori-
entation in the reference coordinate system.

[0031] An electro-cardiogram (ECG) monitor 22 can con-
tinuously detect an electrical timing signal of the heart organ
through the use of a plurality of ECG electrodes (not
shown), which may be externally-affixed to the outside of a
patient’s body. The timing signal generally corresponds to
and is indicative of the particular phase of the cardiac cycle,
among other things. Generally, the ECG signal(s) may be
used by the control unit 12 (e.g., sampled to provide a real
time value) for ECG synchronized play-back of a previously
captured sequences of images (cine loop) stored in the
database 18. In certain embodiments, the ECG signal may
also be used for motion compensation. The ECG monitor 22
and ECG-electrodes may both comprise conventional com-
ponents.

[0032] FIG. 2 is a diagrammatic view of the system 10 as
incorporated into a larger system that has self-contained
imaging capability. It should be understood that while the
approach for superimposition of virtual anatomical land-
marks on an image, as described herein in certain embodi-
ments does not require extensive use of fluoroscopy, other
aspects of any medical procedure may involve such use, at
least intermittently. The system 10 is shown as being incor-
porated into a fluoroscopic imaging system 34, which may
include commercially available fluoroscopic imaging com-
ponents (i.e., “Catheter Lab”). The MPS 20, in a magnetic
field-based embodiment, includes a magnetic transmitter
assembly (MTA) 36 and a magnetic processing core 38 for
determining location (position and orientation (P&Q)) read-
ings. The MTA 36 is configured to generate the magnetic
field(s) in and around the patient’s chest cavity, in a pre-
defined three-dimensional space identified as a motion box
40. The MPS sensors 24, (wherei=1, 2, . . ., n) as described
above are configured to sense one or more characteristics of
the magnetic field(s) and when the sensors are in the motion
box 40, each generate a respective signal that is provided to
the magnetic processing core 38. The processing core 38 is
responsive to these detected signals and is configured to
calculate respective three-dimensional position and orienta-
tion (P&O) readings for each MPS sensor 24, in the motion
box 40. Thus, the MPS system 20 enables real-time tracking
of each sensor 24, in three-dimensional space.

[0033] The positional relationship between the image
coordinate system and the MPS coordinate system (e.g., the
reference coordinate system) may be calculated based on a
known optical-magnetic calibration of the system (e.g,
established during setup), since the positioning system and
imaging system may be considered fixed relative to each
other in such an embodiment. However, for other embodi-
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ments using other imaging modalities, including embodi-
ments where the image data is acquired at an earlier time and
then imported from an external source (e.g., imaging data
stored in database 18), a registration step registering the
MPS coordinate system and the image coordinate system
may need to be performed so that MPS location readings can
be properly transformed into the image coordinate system of
any particular image being used. Once registered, a coordi-
nate (i.e., position and orientation values) in one coordinate
system may be transformed into a corresponding coordinate
in the other coordinate system through the transformations
established during the registration process, a process known
generally in the art, for example as seen by reference to U.S.
Patent Application Publication US 2006/0058647 referred to
above in the Background. One exemplary embodiment of an
MPS 20 will be described in greater detail below in con-
nection with FIG. 7.

[0034] FIG. 3 is a diagrammatic view of a medical tool
being inserted in a region of interest in a patient’s body. The
disclosed method and apparatus overcomes the disadvan-
tages of the prior art by providing the capability of super-
imposing a virtual anatomical landmark on an image based
on the recorded location of a MPS enabled medical tool, as
explained more fully below.

[0035] In the illustrative embodiment of FIG. 3, the medi-
cal tool takes the form of a catheter 26 having an MPS
location sensor 24, at a distal end. The catheter 26 may be
maneuvered by a physician towards a desired region of
interest 42 (e.g., the right atrium of the heart) contained
within the patient’s body, which maneuvering involves
passing the catheter 26 through an insertion region 44 (i.e.,
in this example where the destination site is the right atrium,
the Superior Vena Cava (SVC) is the insertion region). In
this example, the SVC 44 constitutes the anatomical land-
mark. When the catheter tip is positioned near the anatomi-
cal landmark (SVC 44), the location 46 of the catheter tip,
as determined in accordance with the output of the MPS
sensor 24,, and thus also the location of the anatomical
landmark, is recorded.

[0036] In one embodiment, the control unit 12 is config-
ured to determine the location 46 through interaction with
the user. Specifically, the user may visually detect when the
catheter 26 passes near the anatomical landmark—the SVC
44, generally according to an inspection of a live or pre-
recorded x-ray image of the region of interest 42, and more
particularly when a desired part of the catheter (e.g., the tip)
passes through the SVC 44. When the user believes that the
catheter is at the desired landmark, he or she marks it
through interaction with a user interface (more below)
provided by the control unit 12. To supplement recognition,
the control unit 12, in an embodiment, may be optionally
configured superimpose a representation of the catheter’s tip
location on the x-ray image being displayed to the user, for
example, in the form of cross-hairs or the like.

[0037] As described above, the control unit 12 includes a
user interface (e.g., a graphical user interface (GUI)) con-
figured to receive the user’s “mark™ as an input signal
constituting the request to record the MPS location reading.
The signal may take the form of some user-initiated action
such as actuation of a joystick, a push button, a pointing
device (e.g., mouse, stylus and digital tablet, track-ball,
touch pad) or by any other conventional means. The user
interface of the control unit 12 recognizes the user request
and the control unit 12 then records the MPS location
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reading corresponding to the location 46. To facilitate mark-
ing the desired point in the region of interest, the control unit
12 may be configured to perform the following general
steps: (i) presenting the image of the region of interest on the
display; (ii) receiving from the user a graphical designation
on the image defining the location of the mark; and (iii)
determining the location of the mark in the reference coor-
dinate system of the MPS in accordance with the user-
specified graphical designation, which involves recording
the MPS location reading of the medical device.

[0038] As described above, the coordinate system of the
x-ray image (the image coordinate system) is registered with
the reference coordinate system of the MPS 20. Therefore,
the location of the anatomical landmark in the image coor-
dinate system may be determined through application of the
one or more transformation matrices already defined relating
the respective coordinate systems. Through the foregoing, a
virtual landmark is associated with an anatomical location
(desired point) in the region of interest.

[0039] It should be appreciated that MPS 20 provides
location (i.e., P&QO) readings in a reference coordinate
system as the MPS-enabled tool moves within the motion
box 40. However, during a medical procedure, the patient
may also move. To properly interpret an MPS location
reading in the context of the patient’s body, the patient’s
motion must also be taken into account by the system 10.
Motion compensation is needed, generally, to properly
locate the tool within the patient’s body, as known, and more
specifically, in accordance with the invention, to properly
locate a virtual anatomical landmark on an image. Moreover,
as new images are displayed by the system 10, the control
unit 12 uses motion compensation to ensure that the virtual
landmark is accurately located on those images as well,
since such images may have been acquired at different times
subject to different motion influences on the region of
interest (e.g., patient’s body movements, respiration-in-
duced movements, cardiac (heartbeat) movements, etc.).
Accordingly, in an embodiment, motion compensation is
performed, for example, by the motion compensation block
30.

[0040] In this regard, the control unit 12 is configured to
continuously record signals indicative of the motion in the
region of interest, which includes the anatomical landmark
(e.g., SVC 44). These motion inputs may include the cardiac
phase (i.e., via the ECG signal indicative of heart motion),
location readings of the PRS 24, (i.e., indicative of patient
gross (body) and respiration-induced motion) as well as
(optionally) location readings from the internal MPS refer-
ence sensor 24, (i.e., indicative of internal movements
measured locally at or within the region of interest, thus
having a high correlation with the movement of the ana-
tomical landmark). Variations and combinations of the fore-
going are possible, for example only, including the use of
multiple PRS’s, the use of a PRS in a location other than on
the patient chest, and/or the use of other respiratory indica-
tors (e.g., patch impedance data available in the commer-
cially available systems such as the St. Jude Medical
EnSite™ Navx electrophysiology mapping and navigation
system, as more particularly seen by reference to U.S. Pat.
No. 7,263,397 issued to Hauck et al. entitled METHOD
AND APPARATUS FOR CATHETER NAVIGATION AND
LOCATION AND MAPPING IN THE HEART, assigned to
the common assignee of the present invention, and hereby
incorporated by reference in its entirety).
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[0041] The motion compensation block 30 modifies the
recorded MPS location reading for the motion of the region
of interest between the time when the recorded MPS loca-
tion reading was obtained and an earlier time (e.g., an eatlier
time when the image on which the user marked the ana-
tomical landmark was acquired, and which may have been
subjected to different motion influences). The motion com-
pensation block 30 analyzes the various motion inputs and
modifies the recorded MPS location reading accordingly.
The motion compensation function block 30 may be per-
formed in the main control unit 12 or in the MPS 20. A
motion-compensated location (P&O) reading of the virtual
anatomical landmark in the MPS reference coordinate sys-
tem can be transformed into a corresponding coordinate in
the image coordinate system.

[0042] In this regard, for a still image, typically, once the
virtual landmark P&O has been transformed into the image
coordinate system, the representation of the landmark that is
superimposed on the still image will not move. However,
this is true only for the case where the motion compensation
function is evaluated once when the landmark P&O is
transformed and is not thereafter adjusted. Note that in an
embodiment where the motion compensation function is
computed and performed substantially continuously
throughout a procedure, there may be cases where the
compensation function at the time of the landmark assign-
ment is different (e.g., less accurate) than the compensation
function computed at a later time. In these cases, the system
may superimpose the landmark at a slightly different loca-
tion on the still image wherein the user may see a slight
movement of the landmark. The updated location on the
image better represents the landmark’s P&O than the origi-
nal location. Later in time, when a different image is to be
displayed (e.g., such as in a cine-loop or an updated image
in “live” fluoroscopy), the P&O of the virtual landmark in
the image coordinate system will have to be motion com-
pensated again (and transformed) before superimposing the
virtual landmark on the different image. The P&Os of the
virtual landmarks (like sensors’ P&Os) are 3-dimensional.
They are acquired over a certain range of cardiac motion and
a certain range of respiratory motion. The motion compen-
sation block, using the acquired P&Os of the landmark,
together with their corresponding cardiac and respiratory
states, converts these P&Os, in an embodiment, to a
“canonical” cardiac and respiratory state. In an embodiment,
the system 10 is configured to allow a user to adjust the
landmark (e.g., to correct the landmark, if needed or
desired).

[0043] In a still further embodiment, the virtual landmark
(i.e., its P&O) may be used in connection with (i.e., super-
imposed on) image data from a different imaging source. In
such an embodiment, when a different imaging source is
used, registration between the coordinate system of the
different image source and the gMPS coordinate system has
to take place. In some cases (such as rotational angiography)
the co-registration may be automatic, while in other cases
some user interaction may be needed. Co-registration is
aimed at both finding a transformation between the two
coordinate systems and defining the “canonical” state of the
external data. In this sense, ideally, after co-registration, in
such an embodiment, the imported imaging data will have a
cardiac phase and a respiratory state assigned to it. From that
point on, the motion compensation can be performed in a
manner similar to that performed for any “internal” imaging
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data (albeit using the different transformation). Of course,
the level of accuracy to be expected with co-registration of
different modalities can vary.

[0044] It should be noted that the ECG signal obtained
from the ECG monitor 22 may be used for both synchro-
nization of cine-loop playback as well as for motion com-
pensation. For example, during playback (i.e., display of) of
a series of images defining a cine-loop, the real-time ECG is
used to compute the current cardiac phase, which in turn is
used to select a cine frame from the series of frames to best
match the real-time cardiac phase. But this is not the end of
the process due to the fact that the real-time cardiac phase is
continuous while the cine-loop contains only so many cine
frames per cardiac cycle. It follows that the selected back-
ground image will never precisely match the real-time
cardiac phase, and thus there will likely be a residual error.
This error can be compensated for by the cardiac compen-
sation function between the current phase and the phase
associated with the selected frame (i.e., the cardiac phase at
the time the selected frame was captured). The difference
between this situation (i.e., a cine-loop composed of a series
of frames or still images) and a projection on a single still
image is that for the latter case, phase differences between
the current phase and the selected frame’s phase are gener-
ally much larger.

[0045] FIG. 4 is a diagrammatic illustration of a virtual
anatomical landmark, generally referenced at 48 in accor-
dance with another embodiment of the disclosed technique.
The virtual landmark 48 may comprise a three-dimensional
(3D) graphical construct defined in a 3D coordinate system
50 (e.g., the MPS coordinate system or another 3D coordi-
nate system registered with the MPS coordinate system). In
one embodiment, the size and shape of the virtual landmark
48 is predetermined in accordance with the nature of the
anatomy. For example, the graphical construct of the inferior
vena cava (IVC) will be a circular structure having an
approximate diameter similar to a typical IVC diameter. In
a further embodiment, the system 10 is configured to permit
a user to scale (i.c., to adjust the size of) the predetermined
object (e.g., a predetermined TVC object) to accommodate
variations in a patient in the size of the feature to be
landmarked. In a further embodiment, the system 10 is
configured to provide a user interface configured to allow
the user to detennine the shape of the virtual landmark. For
example, the interface may be configured to present a drop
down menu that allows the user to specify that the virtual
landmark shape should be determined either on the basis of
the current position of the MPS-enabled device or on a
specific user-selected anatomical shape.

[0046] The display attributes of a virtual landmark, such
as its color, may be set so as to be distinguishable from the
background image. In an embodiment, the system 10 may
set the color of a virtual landmark in accordance with the
location of the landmark within the body (e.g., one color for
virtual landmarks associated with pulmonary veins and a
second, different color for fossa).

[0047] FIG. 5A is a diagrammatic illustration of a two-
dimensional (2D) image, generally referenced at 52, in
accordance with a still further embodiment of the disclosed
technique. An image coordinate system 54 associated with
the image 52 is registered with the reference coordinate
system (e.g., the MPS coordinate system). The image 52
includes a representation of the region of interest 56, a
representation of the catheter 58, a representation of the
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MPS location sensor 60, and a representation of the insertion
region 62 through which the catheter passes to enter into the
region of interest 56.

[0048] In the image 52, the representation of the region of
interest 56 and in particular the insertion region 62 are
poorly visible (indicated by dashed lines). Therefore, a
virtual landmark 64 is superimposed on the image 52, using
a graphical construct suitable for the landmark under con-
sideration, at the location corresponding to the insertion
region 62 (i.e., since the coordinate system of the virtual
landmark is registered with the image coordinate system),
thereby highlighting in the image 52 the insertion region 62,
thereby improving the visibility of the insertion region to the
user. Highlighting as used herein is intended to broadly
include any display mechanism configured to enhance vis-
ibility to the user including without limitation different
shapes, colors, light intensity levels, blinking and the like. In
an embodiment, one mechanism involves overlaying a 3D
graphic symbol over the image to represent the position and
orientation of the virtual landmark. Different symbols,
shapes and/or colors may be assigned to different virtual
anatomical landmarks.

[0049] In some cases, the graphic representation corre-
sponds to a feature of the anatomy. For example, as shown
in FIG. 5B, an SVC landmark 64a may be a torus about the
diameter of the actual SVC while for the CS ostium, a virtual
landmark 65a may take the shape of a short cylinder about
the diameter of a CS. Additional point landmarks 654
(represented by spheres) are shown that do not necessarily
relate to any specific anatomical location, shape and/or size.
[0050] Thelocation of the virtual anatomical landmark 64,
is preferably compensated for errors originating from the
motion of the region of interest (i.e., compensated of car-
diac, respiratory and patient motions), as described above.
[0051] The superimposing function block 32 includes the
capability of projecting the 3D representation of the virtual
anatomical landmark on any one of (1) a previously
recorded 2D image of the region of interest: (2) in the case
of cine-loops (CL), onto each 2D image in the CL sequence;
and/or (3) a live fluoroscopic image. The projection of the
virtual landmark may in turn be graphically superimposed
onto the image to be displayed on display 16 to form a
composite image. The superimposing processor 32 may
comprise components and approaches known in the art, for
example, a processor configured to manipulate image data
and data corresponding to the object to be superimposed, as
seen by reference to U.S. Pat. Pub. 2006/0058647, applica-
tion Ser. No. 11/233,420 entitled METHOD AND SYSTEM
FOR DELIVERING A MEDICAL DEVICE TO A
SELECTED POSITION WITHIN A LUMEN, to Strommer
et al., hereby incorporated by reference in its entirety. As
described, once the reference coordinate system and the
image (e.g., x-ray imaging) coordinate system are co-regis-
tered, the motion-compensated 3D coordinates defining the
virtual landmark’s location may be multiplied by a coordi-
nate transformation matrix to compute the corresponding 2D
coordinates in the image coordinate system. This approach
is exemplary only and not limiting in nature.

[0052] In addition, it should be understood that, although
not shown, multiple virtual landmarks may be superimposed
on an image representing respective anatomical landmarks,
target regions and the like. In addition, when projecting the
virtual anatomical landmarks on live fluoroscopic images,
the resulting composite image may be aid the user in the
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navigation of tools that are not MPS-enabled (i.e., do not
incorporate MPS location sensors).

[0053] FIG. 6 is a flowchart of a method for superimpos-
ing a virtual anatomical landmark on an image. The method
begins in step 66.

[0054] In step 66, the MPS-enabled medical tool is
maneuvered to a desired point in a region of interest. During
this step, the control unit 12 is constantly monitoring,
through a user interface (e.g., a GUI), for receipt of an input
signal from the user (e.g., a mouse-click, a mark by the user
graphically designating on an image being displayed where
the virtual landmark is to be established, etc.). The method
proceeds to step 68.

[0055] In step 68, the control unit 12 checks whether the
user has signaled to the control unit 12, via the user interface
(UI), that he or she believes the MPS-enabled medical tool
is near the location of the anatomical landmark or target
region that is to receive a virtual landmark. If the answer is
“NO” then the method branches back to step 66 where the
user interface continues to monitor for an input signal while
the physician may continue to maneuver the medical tool
and/or assess the displayed image on display 16. However,
if the answer in step 68 is “YES”, then the method proceeds
to step 70.

[0056] In step 70, the control unit 12 records an MPS
location reading produced by the MPS 20 in accordance
with the output of the MPS location sensor(s) in the medical
tool. The recorded MPS location reading may take the form
of a 3D coordinate (P&O) defined in the reference (MPS)
coordinate system. The method proceeds to step 72.
[0057] In step 72, the recorded MPS location reading is
motion compensated to remove errors originating due to
motion of the region of interest between the time the
recorded MPS location reading was obtained and an eatlier
time (e.g., when the image on which the mark was made was
acquired). The control unit 12 then transforms the motion-
compensated recorded location reading into a corresponding
coordinate in the image coordinate system. This correspond-
ing coordinate is the location of the anatomical landmark or
region and defines the target location for the virtual ana-
tomical landmark. The method proceeds to step 74.

[0058] In step 74, the control unit 12 determines a graphi-
cal representation of the virtual anatomical landmark, using
a suitable graphical construct for the subject landmark,
which may include a definition of its size and shape. The
control unit 12 then superimposes the determined graphical
representation onto the image at the target location in the
image coordinate system. In the case where the graphical
construct is a 3D graphical construct and the image is a 2D
image, the control unit 12 may perform a projection of the
3D graphical construct corresponding to the virtual land-
mark onto the 2D image. To the extent that a different image
will thereafter be displayed, the control unit 12 will adjust
the target location in the image coordinate system to match
the different (new) image, performing at least motion com-
pensation. Through the foregoing, poorly visible or invisible
anatomical landmarks or target regions can be virtually
shown on an image and used for at least navigation purposes
by a user of the system.

[0059] FIG. 7 is a schematic and block diagram of one
exemplary embodiment of MPS 20, designated as an MPS
108, as also seen by reference to U.S. Pat. No. 7,386,339,
referred to above, and portions of which are reproduced
below, which generally describes, at least in part, the
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gMPS™ medical positioning system commercially offered
by MediGuide Ltd. It should be understood that variations
are possible, for example, as also seen by reference to U.S.
Pat. No. 6,233,476 entitled MEDICAL POSITIONING
SYSTEM, also hereby incorporated by reference in its
entirety. Another exemplary magnetic field-based MPS is
the Carto™ system commercially available from Biosense
Webster, and as generally shown and described in, for
example, U.S. Pat. No. 6,498,944 entitled “Intrabody Mea-
surement,” and U.S. Pat. No. 6,788,967 entitled “Medical
Diagnosis, Treatment and Imaging Systems,” both of which
are incorporated herein by reference in their entireties.
Accordingly, the following description is exemplary only
and not limiting in nature.

[0060] MPS system 110 includes a location and orienta-
tion processor 150, a transmitter interface 152, a plurality of
look-up table units 154,, 154, and 154, a plurality of digital
to analog converters (DAC) 156,, 156, and 1565, an ampli-
fier 158, a transmitter 160, a plurality of MPS sensors 162,
162,, 162, and 162,, a plurality of analog to digital con-
verters (ADC) 164,, 164,, 164, and 164, and a sensor
interface 166.

[0061] Transmitter interface 152 is connected to location
and orientation processor 150 and to look-up table units
154,, 154, and 154,. DAC units 156,, 156, and 156, are
connected to a respective one of look-up table units 154,
154, and 154, and to amplifier 158. Amplifier 158 is further
connected to transmitter 160. Transmitter 160 is also marked
TX. MPS sensors 162, 162,, 162, and 162, are further
marked RX;, RX,, RX; and RX,, respectively. Analog to
digital converters (ADC) 164,, 164,, 164, and 164, are
respectively connected to sensors 162, 162,, 162, and 162,,
and to sensor interface 166. Sensor interface 166 is further
connected to location and orientation processor 150.
[0062] Each of look-up table units 154,, 154, and 154,
produces a cyclic sequence of numbers and provides itto the
respective DAC unit 156,, 156, and 1565, which in turn
translates it to a respective analog signal. Each of the analog
signals is respective of a different spatial axis. In the present
example, look-up table 154, and DAC unit 156, produce a
signal for the X axis, look-up table 154, and DAC unit 156,
produce a signal for the Y axis and look-up table 154, and
DAC unit 156, produce a signal for the Z axis.

[0063] DAC units 156,, 156, and 156, provide their
respective analog signals to amplifier 158, which amplifies
and provides the amplified signals to transmitter 160. Trans-
mitter 160 provides a multiple axis electromagnetic field,
which can be detected by MPS sensors 162,, 162,, 162, and
162,,. Each of MPS sensors 162,, 162,, 162, and 162,
detects an electromagnetic field, produces a respective elec-
trical analog signal and provides it to the respective ADC
unit 164,, 164,, 164, and 164, connected thereto. Each of
the ADC units 164,, 164,, 164, and 164,, digitizes the
analog signal fed thereto, converts it to a sequence of
numbers and provides it to sensor interface 166, which in
turn provides it to location and orientation processor 150.
Location and orientation processor 150 analyzes the
received sequences of numbers, thereby determining the
location and orientation of each of the MPS sensors 162,
162,, 162, and 162, Location and orientation processor 150
further determines distortion events and updates look-up
tables 154, 154, and 154, accordingly.

[0064] It should be understood that the system 10, par-
ticularly control unit 12, as described above may include
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conventional processing apparatus known in the art (i.e.,
both hardware and/or software), including the capability of
executing pre-programmed instructions stored in an associ-
ated memory, all performing in accordance with the func-
tionality described herein. It is contemplated that the meth-
ods described herein, including without limitation the
method steps of embodiments of the invention, may be
programmed in a preferred embodiment, with the resulting
software being stored in an associated memory and may also
constitute the means for performing such methods. Imple-
mentation of embodiments, in software, in view of the
foregoing enabling description, would require no more than
routine application of programming skills by one of ordinary
skill in the art. The system may further be of the type having
both ROM, RAM, a combination of non-volatile and volatile
(modifiable) memory so that the software can be stored and
yet allow storage and processing of dynamically produced
data and/or signals.

[0065] Although numerous embodiments of this invention
have been described above with a certain degree of particu-
larity, those skilled in the art could make numerous altera-
tions to the disclosed embodiments without departing from
the spirit or scope of this invention. All directional refer-
ences (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, particularly 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 intermediate members between a connection of
elements and relative movement between elements. As such,
joinder references do not necessarily infer that two elements
are directly connected 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.

1.-20. (canceled)

21. An apparatus for superimposing a virtual landmark on
an image of a region of interest in a patient’s body, com-
prising:

a control unit having a processor for executing instruc-
tions stored in an associated memory to present a user
interface configured to receive a signal to record a
location input and associate the location input with a
reference coordinate system, the location input corre-
sponding to a desired point within the region of interest
in the patient’s body where the virtual landmark is to be
established, said control unit being further configured
to determine a target location in an image coordinate
system associated with the image and corresponding to
the recorded location input, said control unit being
further configured to superimpose a representation of
the virtual landmark on the image at the target location.

22. The apparatus of claim 21 wherein said control unit is
further configured to (1) modify the recorded location input
to compensate for motion at the desired point in the region
of interest between a first time when the image was acquired
and a second time when the location input was recorded; and
(2) transform the motion-compensated location input from
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the reference coordinate system to the image coordinate
system to thereby produce the target location.

23. The apparatus of claim 22 further comprising a
localization system configured to produce location readings
with respect to points within the region of interest in
accordance with an output of a location sensor disposed in
a medical device as the medical device moves within the
region of interest, the location readings being associated
with the reference coordinate system, which is registered
with the image coordinate system associated with the image.

24. The apparatus of claim 23 further including a patient
reference sensor (PRS) coupled to said localization system
configured for affixation to the patient and for providing a
PRS location reading indicative of at least patient body
movement, said control unit being further configured to
record a PRS location reading with the virtual landmark-
recorded location reading, wherein said control unit is
configured to further determine the motion-compensated
location reading in accordance with at least the recorded
PRS location reading so as to compensate for the patient
body movements.

25. The apparatus of claim 23 further including a patient
reference sensor (PRS) coupled to said localization system
configured for affixation to the patient and for providing a
PRS location reading indicative of at least respiration-
induced patient movements, said control unit being further
configured to record a PRS location reading with the virtual
landmark-recorded location reading, wherein said control
unit is configured to further determine the motion-compen-
sated location reading in accordance with at least the
recorded PRS location reading so as to compensate for the
respiration-induced patient movements.

26. The apparatus of claim 22 further including an elec-
trocardiogram (ECG) monitor configured to produce an
ECG signal indicative of the patient’s cardiac phase, said
control unit being further configured to sample the ECG
signal when the virtual landmark location input was
recorded, wherein said control unit is configured to further
determine the motion-compensated location reading in
accordance with at least the sampled ECG signal so as to
compensate for heartbeat induced movement.

27. The apparatus of claim 26 wherein said control unit is
configured to superimpose the representation of the virtual
landmark on a sequence of images defining a cine-loop (CL)
wherein each one of the sequence has a respective timing
parameter associated therewith, said control unit being fur-
ther configured to select one of the sequence of images based
on the timing parameter and a then-prevailing sample of the
ECG signal to thereby achieve ECG-synchronized playback
of the image sequence.

28. The apparatus of claim 27 wherein the virtual land-
mark has a first position in the reference coordinate system
corresponding to a first timing parameter value and a second
position in the reference coordinate system corresponding to
a second timing parameter value.

29. The apparatus of claim 21 further including a display
coupled to said control unit, wherein the user interface of
said control unit is configured to:

present the image of the region of interest on the display;

and

(1) receive from a user a graphical input on the image

indicating the virtual landmark.
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30. The apparatus of claim 21 wherein the representation
of the virtual landmark comprises a three-dimensional (3D)
graphical construct.

31. The apparatus of claim 21 wherein a size and a shape
of the representation of the virtual landmark is predeter-
mined in accordance with the nature of the anatomy at which
the virtual landmark is to be established.

32. The apparatus of claim 21 wherein said control unit is
configured to permit a user to adjust a size of the represen-
tation of the virtual landmark.

33. The apparatus of claim 21 wherein the user interface
is configured to allow a user to determine a shape of the
representation of the virtual landmark.

34. The apparatus of claim 23 wherein the user interface
is further configured to present a drop down menu that
allows a user to specify that a shape of the representation of
the virtual landmark should be determined on the basis of
either a current position of the medical device or on a
specific user-selected anatomical shape.

35. The apparatus of claim 21 wherein said control unit is
configured to set a color of the representation of the virtual
landmark in accordance with the location of the virtual
landmark within the body.

36. The apparatus of claim 35 wherein said control unit is
configured to set a first color for virtual landmarks associ-
ated with pulmonary veins and second, different color for
fossa.

37. The apparatus of claim 21 wherein the representation
of the virtual landmark comprises a graphic symbol repre-
senting the position and orientation of the virtual landmark.

38. The apparatus of claim 37 wherein the virtual land-
mark is a first virtual landmark, further comprising a second
virtual landmark wherein different symbols, shapes and
colors may be respectively assigned to the first and second
virtual landmarks.

39. The apparatus of c¢laim 21 wherein said control unit
highlights the representation of the virtual landmark by way
of different shapes, colors, light intensity levels, and blink-
ing.

40. An apparatus for superimposing a virtual landmark on
an image of a region of interest in a patient’s body, com-
prising:

control means for producing a user interface configured to

receive a signal to record a location reading produced
by a localization means in accordance with the output
of a location sensor disposed in a medical device, said
control means being further configured to modify the
recorded location reading to compensate for motion at
the desired point in the region of interest between a first
time when the image was acquired and a second time
when the location reading was recorded, said control
means being further configured to transform the
motion-compensated location reading from a reference
coordinate system to an image coordinate system to
thereby produce a target location in the image coordi-
nate system corresponding to the recorded location
reading, said control means being further configured to
superimpose a representation of the virtual landmark on
the image at the target location.
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