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Description
FIELD OF THE INVENTION

[0001] The present disclosure relates generally to
medical imaging systems, and particularly to methods
and systems for constructing three-dimensional organ
models from multiple ultrasonic images.

BACKGROUND OF THE INVENTION

[0002] Methods for three-dimensional (3-D) mapping
of the endocardium (i.e., the inner surfaces of the heart)
are known in the art. For example, U.S. Patent 5,738,096
describes a method for constructing a map of the heart.
An invasive probe is brought into contact with multiple
locations on the wall of the heart. The position of the
invasive probe is determined for each location, and the
positions are combined to form a structural map of at
least a portion of the heart.

[0003] Insome systems, such as the one described by
U.S. Patent 5,738,096 cited above, additional physiolog-
ical properties, as well as local electrical activity on the
surface of the heart, are also acquired by the catheter.
A corresponding map incorporates the acquired local in-
formation.

[0004] Some systems use hybrid catheters that incor-
porate position sensing. For example, U.S. Patent
6,690,963 describes a locating system for determining
the location and orientation of an invasive medical instru-
ment.

[0005] A catheter with acoustic transducers may be
used for non-contact imaging of the endocardium. For
example, U.S. Patents 6,716,166 and 6,773,402 de-
scribe a system for 3-D mapping and geometrical recon-
struction of body cavities, particularly of the heart. The
system uses a cardiac catheter comprising a plurality of
acoustic transducers. The transducers emit ultrasonic
waves that are reflected from the surface of the cavity
and are received again by the transducers. The distance
from each of the transducers to a point or area on the
surface opposite the transducer is determined, and the
distance measurements are combined to reconstruct the
3-D shape of the surface. The catheter also comprises
position sensors, which are used to determine position
and orientation coordinates of the catheter within the
heart.

[0006] U.S. Patent 5,846,205 describes a phased-ar-
ray ultrasonic transducer assembly that includes a cath-
eter. An end portion is mounted to the catheter around a
transducer array, and the end portion defines an acoustic
window, which is essentially non-focusing to ultrasonic
energy passing therethrough. Because the acoustic win-
dow is non-focusing, the inventors claim that a relatively
small radius of curvature can be used on the radial outer
surface of this window.

[0007] U.S. Patent No. 6,066,096 describes an imag-
ing probe for volumetric intraluminal ultrasound imaging.
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The probe, configured to be placed inside a patient body,
includes an elongated body having proximal and distal
ends. An ultrasonic transducer phased array is connect-
ed to and positioned on the distal end of the elongated
body. The ultrasonic transducer phased array is posi-
tioned to emit and receive ultrasonic energy for volumet-
ric forward scanning from the distal end of the elongated
body. The ultrasonic transducer phased array includes
a plurality of sites occupied by ultrasonic transducer el-
ements. At least one ultrasonic transducer element is
absent from at least one of the sites, thereby defining an
interstitial site. A tool is positioned at the interstitial site.
In particular, the tool can be a fiber optic lead, a suction
tool, a guide wire, an electrophysiological electrode, or
an ablation electrode.

[0008] U.S. Patent 6,059,731 describes a simultane-
ous side-and-end viewing ultrasound imaging catheter
system. The system includes at least one side array and
at least one end array. Each of the arrays has at least
one row of ultrasonic transducer elements. The elements
are operable as a single ultrasound transducer and are
phased to produce different views.

[0009] U.S. Patent 5,904,651 describes a catheter
tube that carries an imaging element for visualizing tis-
sue. The catheter tube also carries a support structure,
which extends beyond the imaging element, for contact-
ing surrounding tissue away from the imaging element.
The support element stabilizes the imaging element,
while the imaging element visualizes tissue in the interior
body region. The support structure also carries a diag-
nostic or therapeutic component to contact surrounding
tissue.

[0010] U.S. Patent 5,876,345 describes an ultrasonic
catheter for two-dimensional (2-D) imaging or 3-D recon-
struction. The ultrasonic catheter includes at least two
ultrasonic arrays having good near and far field resolu-
tions. The catheter provides an outline of a heart cham-
ber, in order to assist in interpreting images obtained by
the catheter.

[0011] U.S. Patent 6,228,032 describes a steering
mechanism and steering line for a catheter-mounted
phased linear array of ultrasonic transducer elements.
[0012] U.S. Patent 6,226,546 describes a catheter lo-
cation system for generating a 3-D map of a part of a
human body, from which a position of the catheter may
be determined. A plurality of acoustic transducers is dis-
posed about the catheter head at predetermined loca-
tions. Acoustic signals are generated by the acoustic
transducers acting as sources. A signal processing unit
generates the 3-D map responsive to signals received
by the acoustic transducers acting as acoustic receivers.
[0013] U.S. Patent 6,171,248 describes an ultrasonic
probe for 2-D imaging or 3-D reconstruction. The patent
describes an ultrasonic probe that includes at least two
ultrasonic arrays. The probe allows 3-D images to be
constructed and examined.

[0014] Several methods are known in the art for non-
contact reconstruction of the endocardial surface using
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intracardial ultrasonic imaging. For example, PCT Patent
Publication WO 00/19908 describes a steerable trans-
ducer array for intracardial ultrasonic imaging. The array
forms an ultrasonic beam, which is steered in a desired
direction by an active aperture. U.S. Patent 6,004,269
describes an acoustic imaging system based on an ul-
trasound device that is incorporated into a catheter. The
ultrasound device directs ultrasonic signals toward an
internal structure in the heart to create an ultrasonic im-
age. PCT Patent Publications WO 99/05971 and WO
00/07501 describe the use of ultrasound transducers on
a reference catheter to locate ultrasound transducers on
other catheters (e.g., mapping or ablation catheters)
which are brought into contact with the endocardium.
[0015] Further examples of intracardial ultrasonic im-
aging are presented in U.S. Patent 5,848,969. This pub-
lication describes systems and methods for visualizing
interior tissue regions using expandable imaging struc-
tures.

[0016] PCT Patent Publicaton WO 99/55233 de-
scribes a method for delineating a 3-D surface of a pa-
tient’s heart. A 3-D mesh model is developed using train-
ing data, to serve as an archetypal shape for a population
of patient hearts. Multiple ultrasound images of the pa-
tient’s heart are taken in differentimage planes. Anatom-
ical locations are manually identified in each of the im-
ages. The mesh model is rigidly aligned with the images,
in respect to the predefined anatomical locations.
[0017] Other methods of contour extraction and 3-D
modeling using ultrasonic images are described in Eu-
ropean Patent Application EP 0961135. As another ex-
ample, PCT Patent Publication WO 98/46139 describes
a method for combining Doppler and B-mode ultrasonic
image signals into a single image using a modulated non-
linear mapping function.

[0018] U.S. Patent 5,797,849 describes a method for
carrying out a medical procedure using a 3-D tracking
and imaging system. A surgical instrument is inserted
into a patientbody. The position of the surgical instrument
is tracked as it moves through a bodily structure. The
location of the surgical instrument relative to its immedi-
ate surroundings is displayed to improve a physician’s
ability to precisely position the surgical instrument.
[0019] U.S. Patent 5,391,199 describes a method for
ablating a portion of an organ or bodily structure of a
patient. The method includes obtaining a perspective im-
age ofan organ or structure tobe mapped, and advancing
one or more catheters to sites adjacent to or within the
organ or structure. The location of each catheter distal
tip is sensed using a non-ionizing field. At the distal tip
of one or more catheters, local information of the organ
or structure is sensed, and the sensed information is
processed to create one or more data points. The data
points are superimposed on a perspective image of the
organ or structure, to facilitate the ablating of a portion
of the organ or structure.

[0020] Some medical imaging systems apply methods
for reconstructing 3-D models, based on acquired imag-
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ing information. For example, U.S. Patent 5,568,384 de-
scribes a method for synthesizing 3-D multimodality im-
age sets into a single composite image. Surfaces are
extracted from two or more differentimages and matched
using semi-automatic segmentation techniques.

[0021] U.S. Patent 6,226,542 describes a method for
3-D reconstruction of intrabody organs. A processor re-
constructs a 3-D map of a volume or cavity in a patient’s
body from a plurality of sampled points on the volume
whose position coordinates have been determined. Re-
construction of a surface is based on a limited number
of sampled points.

[0022] U.S.Patents4,751,643 and4,791,567 describe
amethod for determining connected substructures within
a body. 3-D regions exhibiting the same tissue type are
similarly labeled. Using the label information, all similarly
labeled connected data points are determined.

[0023] Some systems use image processing methods
for analyzing and modeling body tissues and organs
based on information acquired by imaging. One such
technique is described by Mclnerney and Terzopoulos
in "Deformable Models in Medical Image Analysis: A Sur-
vey," Medical Image Analysis, (1:2), June 1996, pages
91-108. The authors describe a computer-assisted med-
ical image analysis technique for segmenting, matching,
and tracking anatomic structures by exploiting (bottom-
up) constraints derived from the image data together with
(top-down) a priori knowledge about the location, size,
and shape of these structures.

[0024] Another analysis technique is described by
Neubauer and Wegenkittl in "Analysis of Four-Dimen-
sional Cardiac Data Sets Using Skeleton-Based Seg-
mentation," the 11th International Conference in Central
Europe on Computer Graphics, Visualization and Com-
puter Vision, University of West Bohemia, Plzen, Czech
Republic, February 2003. The authors describe a com-
puter-aided method for segmenting parts of the heart
from a sequence of cardiac CT (Computerized Tomog-
raphy) images, taken at a number of time points over the
cardiac cycle.

[0025] US publication no.2003/0231789 provides sys-
tems and methods for locating an imaging device within
or outside of the body and for displaying a graphical rep-
resentation of the imaging pattern associated with the
imaging device within a global representation of the body,
and discloses a system according to the preamble of
claim 1.

[0026] US publication no. 2002/0049375 discloses a
medical imaging and navigation system including a proc-
essor, amedical positioning system (MPS), a two-dimen-
sional imaging system and an inspected organ monitor
interface, the MPS including an imaging MPS sensor,
the two-dimensional imaging system including an image
detector, the processor being coupled to a display unit
and to a database, the MPS being coupled to the proc-
essor, the imaging MPS sensor being firmly attached to
the image detector, the two-dimensional imaging system
being coupled to the processor, the image detector being
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firmly attached to an imaging catheter.

[0027] US publication no. 2005/0033149 discloses a
system for registering a firstimage with a second image,
the system including a first medical positioning system
for detecting a first position and orientation of the body
of a patient, a second medical positioning system for de-
tecting a second position and orientation of the body, and
a registering module coupled with a second imager and
with the second medical positioning system. International
publication no. WO96/25881 discloses a method for gen-
erating quasi real-time feedback for the purpose of guid-
ing surgical, therapeutical or diagnostical procedures by
means of ultrasound images.

[0028] International publication no. WO2004/075756
discloses a method of interventional angiography, in
which intravascular image signals are recorded by
means of a first image recording device inserted into a
blood vessel of a patient, the intravascular position of
which image recording device is determined during the
recording of the images, where the intravascular image
signals are visualized by means of a display unit taking
account of the intravascular position of the first image
recording device.

[0029] International publication no. W0O2004/093683
discloses an apparatus and a method for the joint three-
dimensional display of an angiogram and local intravas-
cular images.

SUMMARY OF THE DISCLOSURE

[0030] Three-dimensionalimages ofthe heart are use-
ful in many catheter-based diagnostic and therapeutic
applications. Real-time imaging improves physician per-
formance and enables even relatively inexperienced
physicians to perform complex surgical procedures more
easily. 3-D imaging also helps to reduce the time needed
to perform some surgical procedures. Additionally, 3-D
ultrasonic images can be used in planning complex pro-
cedures and catheter maneuvers.

[0031] Embodiments of the present disclosure provide
improved methods and systems for performing 3-D car-
diac imaging. A probe that comprises an array of ultra-
sound transducers and a position sensoris used toimage
a target organ or structure in the patient’s body. In one
embodiment, the probe comprises a catheter, which is
inserted into the patient’s heart. The probe acquires mul-
tiple 2-D ultrasound images of the target organ and sends
them to an image processor. For each image, location
and orientation coordinates of the probe are measured
using the position sensor.

[0032] A user of the system, typically a physician, ex-
amines the images on an interactive display. The user
employs the display to manually mark (also referred to
as "tagging") contours of interest that identify features of
the organ, on one or more of the images. Additionally or
alternatively, the contours are tagged automatically using
a contour detection software. An image processor auto-
matically identifies and reconstructs the corresponding
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contours in at least some of the remaining, untagged im-
ages. The image processor then constructs a 3-D struc-
tural model based on the multiple ultrasound images and
the corresponding probe coordinates at which each of
the images was captured, using the contours to segment
the 3-D structures in the model.

[0033] In some embodiments, the contours comprise
discrete points. The 3-D coordinate of each point is cal-
culated using the position sensor information and the 2-
D ultrasound image properties. The calculated positions
are used to construct the 3-D model. The contours tagged
by the physician may be projected and displayed on top
of the 3-D model.

[0034] The disclosed methods thus provide an inter-
active tool for user-aided reconstruction of 3-D images
of an internal body organ. These methods also provide
a convenient, accurate way to define the anatomical sur-
face onto which an electrical activity map (particularly in
cardiac imaging applications) or a map or image of an-
other kind is to be projected.

[0035] There is therefore provided, in accordance with
an embodiment of the present disclosure, a method for
modeling of an anatomical structure, including:

acquiring a plurality of ultrasonic images of the an-
atomical structure using an ultrasonic sensor, at a
respective plurality of spatial positions of the ultra-
sonic sensor;

measuring location and orientation coordinates of
the ultrasonic sensor at each of the plurality of spatial
positions;

marking contours-of-interest that refer to features of
the anatomical structure in one or more of the ultra-
sonic images; and

constructing a three-dimensional (3-D) model of the
anatomical structure based on the contours-of-inter-
est and on the measured location and orientation
coordinates.

[0036] In adisclosed embodiment, constructing the 3-
D model includes automatically reconstructing the fea-
tures in at least some of the ultrasonic images that were
not marked, based on the marked contours-of interest.
[0037] In another embodiment, the anatomical struc-
ture includes a heart, and acquiring the plurality of ultra-
sonic images includes inserting a catheter including the
ultrasonic sensor into a first cardiac chamber and moving
the catheter between the respective plurality of spatial
positions within the chamber. Additionally or alternative-
ly, constructing the 3-D model includes constructing the
3-D model of a target structure located outside the first
cardiac chamber.

[0038] Inyet another embodiment, acquiring the ultra-
sonic images and measuring the location and orientation
coordinates includes synchronizing a timing of acquisi-
tion of the ultrasonic images and measurement of the
location and orientation coordinates relative toa synchro-
nizing signal including one of an electrocardiogram
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(ECG) signal, an internally-generated synchronization
signal and an externally-supplied synchronization signal.
Additionally or alternatively, synchronizing the timing and
measurement includes synchronizing the measurement
of at least one of a tissue characteristic, a temperature
and a blood flow relative to the synchronization signal.
[0039] In still another embodiment, measuring the lo-
cation and orientation coordinates includes generating
fields in a vicinity of a position sensor associated with the
ultrasonic sensor, sensing the fields at the position sen-
sor, and calculating the location and orientation coordi-
nates of the ultrasonic sensor responsively to the sensed
fields. In some embodiments, generating the fields in-
cludes generating magnetic fields, and sensing the fields
includes sensing the generated magnetic fields at the
position sensor.

[0040] In another embodiment, measuring the location
and orientation coordinates includes generating a field
using a field generator associated with the ultrasonic sen-
sor, sensing the field using one or more receiving sen-
sors, and calculating the location and orientation coordi-
nates of the ultrasonic sensor responsively to the sensed
field. In some embodiments, generating the field includes
generating a magnetic field, and sensing the field in-
cludes sensing the generated magnetic field at the one
or more receiving sensors.

[0041] Inanembodiment, automatically reconstructing
the features includes accepting manual input including
at least one of an approval, a deletion, a correction and
a modification of at least part of the automatically recon-
structed features.

[0042] In another embodiment, constructing the 3-D
modelincludes generating atleast one of a skeleton mod-
el and a surface model of a target structure of the ana-
tomical structure and displaying the 3-D model to a user.
Additionally or alternatively, generating the surface mod-
elincludes overlaying at least one of an electrical activity
map and a parametric map on the surface model.
[0043] In yet another embodiment, constructing the 3-
D model includes overlaying information imported from
one or more of a Magnetic Resonance Imaging (MRI)
system, a Computerized Tomography (CT) system and
an x-ray imaging system on the 3-D model. Additionally
or alternatively, overlaying the information includes reg-
istering the imported information with a coordinate sys-
tem of the 3-D model.

[0044] In still another embodiment, constructing the 3-
D modelincludes defining one or more regions of interest
in the 3-D model and projecting parts of the ultrasonic
images that correspond to the one or more regions of
interest on the 3-D model.

[0045] In an embodiment, acquiring the plurality of ul-
trasonic images includes scanning the anatomical struc-
ture using an extracorporeal ultrasonic probe including
the ultrasonic sensor and moving the probe between the
respective plurality of spatial positions.

[0046] There is additionally provided, in accordance
with an embodiment of the present disclosure, a method
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for modeling of an anatomical structure, including:

acquiring an ultrasonic image of the anatomical
structure using an ultrasonic sensor, at a spatial po-
sition of the ultrasonic sensor;

measuring location and orientation coordinates of
the ultrasonic sensor at the spatial position;
marking contours-of-interest that refer to features of
the anatomical structure in the ultrasonic image; and
displaying at least part of the ultrasonic image and
the contours-of-interest in a 3-D space based on the
measured location and orientation coordinates.

[0047] There is also provided, in accordance with an
embodiment of the present disclosure, a system for mod-
eling of an anatomical structure, including:

a probe, including:

an ultrasonic sensor, which is configured to ac-
quire a plurality of ultrasonic images of the an-
atomical structure at a respective plurality of
spatial positions of the probe; and

a position sensor, which is configured to deter-
mine location and orientation coordinates of the
ultrasonic sensor at each of the plurality of spa-
tial positions;

an interactive display, which is coupled to display
the ultrasonic images and to receive a manual input
marking contours-of-interest that refer to features of
the anatomical structure in one or more of the ultra-
sonic images; and

a processor, which is coupled to receive the ultra-
sonic images and the measured location and orien-
tation coordinates, to accept the manually-marked
contours-of-interest and to construct a 3-D model of
the anatomical structure based on the contours-of-
interest and on the measured spatial positions.

[0048] Thereis further provided, in accordance with an
embodiment of the present disclosure, a system for mod-
eling of an anatomical structure, including:

a probe, including:

an ultrasonic sensor, which is configured to ac-
quire an image of the anatomical structure at a
respective spatial position of the probe; and

a position sensor, which is configured to deter-
mine location and orientation coordinates of the
ultrasonic sensor at the spatial position;

a processor, which is coupled to receive the ultra-
sonic image and the measured location and orien-
tation coordinates and to calculate a 3-D position of
the ultrasonicimage based onthe measured location
and orientation coordinates; and



9 EP 1720 038 B1 10

an interactive display, which is coupled to receive a
manual input marking contours-of-interest that refer
to features of the anatomical structure in the ultra-
sonic image and to display at least part of the ultra-
sonic image and the contours-of-interest in a 3-D
space based on the calculated 3-D position of the
ultrasonic image.

[0049] There is additionally provided, in accordance
with an embodiment of the present disclosure, a compu-
ter software product for modeling of an anatomical struc-
ture, the productincluding a computer-readable medium,
in which program instructions are stored, which instruc-
tions, when read by the computer, cause the computer
to acquire a plurality of ultrasonic images of the anatom-
ical structure using an ultrasonic sensor, at a respective
plurality of spatial positions of the ultrasonic sensor, to
measure location and orientation coordinates of the ul-
trasonic sensor at each of the plurality of spatial positions,
to receive a manual input marking contours-of-interest
that refer to features of the anatomical structure in one
or more of the ultrasonic images and to construct a 3-D
model of the anatomical structure based on the contours-
of-interest and on the measured location and orientation
coordinates.

[0050] There is also provided, in accordance with an
embodiment of the present disclosure, a computer soft-
ware product for modeling of an anatomical structure,
the product including a computer-readable medium, in
which program instructions are stored, which instruc-
tions, when read by the computer, cause the computer
to acquire an ultrasonicimage of the anatomical structure
using an ultrasonic sensor, at a respective spatial posi-
tion of the ultrasonic sensor, to measure location and
orientation coordinates of the ultrasonic sensor at the
spatial position, to mark contours-of-interest that refer to
features of the anatomical structure in the ultrasonic im-
age, and to display at least part of the ultrasonic image
and the contours-of-interest in a 3-D space based on the
measured location and orientation coordinates.

[0051] The present disclosure discloses a system for
imaging a target in a patient’'s body wherein the system
comprises:

pre-acquired image;

a catheter comprising a position sensor and an ul-
trasonic imaging sensor, the position sensor trans-
mitting electrical signals indicative of positional in-
formation of a portion of the catheter in the patient’s
body, and the ultrasonic imaging sensor transmitting
ultrasonic energy at the target in the patient’s body,
receiving ultrasonic echoes reflected from the target
in the patient’s body and transmitting signals relating
to the ultrasonic echoes reflected from the target in
the patient’s body;

a positioning processor operatively connected to the
catheter for determining positional information of the
portion of the catheter based on the electrical signals
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transmitted by the position sensor;

an image processor operatively connected to the
catheter and the positioning processor, the image
processor generating an ultrasonic image of the tar-
getbased on the signals transmitted by the ultrasonic
sensor and determining positional information for
any pixel of the ultrasonic image of the target, the
image processor registering the pre-acquired image
with the ultrasonic image; and

a display for displaying the registered pre-acquired
image and ultrasonic image.

[0052] Another embodiment of the present disclosure
is amethod forimaging a target in a patient’s body where-
in the method comprises the steps of:

providing a pre-acquired image of the target;
placing a catheter comprising a position sensor and
an ultrasonic imaging sensor in the patient’'s body
and determining positional information of a portion
of the catheter in the patient’s body using the position
sensor;

generating an ultrasonic image of the target using
the ultrasonic imaging sensor;

determining positional information for any pixel of
the ultrasonic image of the target and registering the
pre-acquired image with the ultrasonic image; and
displaying the registered pre-acquired image and ul-
trasonic image.

[0053] Another embodiment disclosed is a system for
imaging a target in a patient’s body wherein the system
comprises:

a pre-acquired image of the target;

an electrophysiological map of the target;

a catheter comprising a position sensor and an ul-
trasonic imaging sensor, the position sensor trans-
mitting electrical signals indicative of positional in-
formation of a portion of the catheter in the patient’s
body, and the ultrasonic imaging sensor transmitting
ultrasonic energy at the target in the patient’s body,
receiving ultrasonic echoes reflected from the target
in the patient’s body and transmitting signals relating
to the ultrasonic echoes reflected from the target in
the patient’s body;

a positioning processor operatively connected to the
catheter for determining positional information of the
portion of the catheter based on the electrical signals
transmitted by the position sensor;

an image processor operatively connected to the
catheter and the positioning processor, the image
processor generating an ultrasonic image of the tar-
getbased onthe signals transmitted by the ultrasonic
sensor and determining positional information for
any pixel of the ultrasonic image of the target, the
image processor registering the pre-acquired image
and the electrophysiological map with the ultrasonic
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image; and

a display for displaying the registered pre-acquired
image, electrophysiological map and ultrasonic im-
age.

sensor and determining positional information for
any pixel of the ultrasonic image of the target and

pre-acquired image and the electrophysiological
map with the ultrasonic image; and

displaying the registered pre-acquired image, elec-
trophysiological map and ultrasonic image.

5
[0054] A further embodiment disclosed is a system for [0056] Another embodiment disclosed is a method for
imaging a target in a patient’s body wherein the system imaging a target in a patient’s body wherein the method
comprises: comprises the steps of:
a pre-acquired image of the target; 10 providing a pre-acquired image of the target;
a catheter comprising a position sensor, an ultrason- placing a catheter comprising a position sensor, an
ic imaging sensor and at least one electrode, the ultrasonicimaging sensor and atleast one electrode,
position sensor transmitting electrical signals indic- in the patient’s body and determining positional in-
ative of positional information of a portion of the cath- formation of a portion of the catheter in the patient’s
eter in the patient’s body, the ultrasonicimaging sen- 15 body using the position sensor;
sor transmitting ultrasonic energy at the target in the acquiring electrical activity data-points of a surface
patient’s body, receiving ultrasonic echoes reflected of the target using the at least one electrode;
from the target in the patient’s body and transmitting generating an ultrasonic image of the target using
signals relating to the ultrasonic echoes reflected the ultrasonic imaging sensor;
from the target in the patient’s body and the at least 20 determining positional information for the electrical
one electrode acquiring electrical activity data-points activity data-points of the surface of the target and
of a surface of the target; generating an electrophysiological map of the target
a positioning processor operatively connected to the based on the electrical activity data-points and the
catheter for determining positional information of the positional information for the electrical activity data-
portion of the catheter based on the electrical signals 25 points;
transmitted by the position sensor; determining positional information for any pixel of
an image processor operatively connected to the the ultrasonic image of the target and registering the
catheter and the positioning processor, the image pre-acquired image and the electrophysiological
processor generating an ultrasonic image of the tar- map with the ultrasonic image; and
getbased on the signals transmitted by the ultrasonic 30 displaying the registered pre-acquired image, elec-

trophysiological map and ultrasonic image.

for the electrical activity data-points of the target, the
image processor creating an electrophysiological
map of the targetbased on the electrical activity data- 35

[0057] Furthermore, the present disclosure discloses
a medical imaging system for imaging a patient’s body
wherein the system comprises:

points of the target and the positional information for
the electrical activity data-points and registering the
pre-acquired image and the electrophysiological
map with the ultrasonic image; and

a display for displaying the registered pre-acquired
image, electrophysiological map and ultrasonic im-
age.

40

a catheter comprising a position sensor and an ul-
trasonic imaging sensor, the position sensor trans-
mitting electrical signals indicative of positional in-
formation of a portion of the catheter in a patient’s
body and the ultrasonic imaging sensor transmitting
ultrasonic energy at a target in the patient’s body,

receiving ultrasonic echoes reflected from the target
in the patient’s body and transmitting signals relating
to the ultrasonic echoes reflected from the target in
the patient’s body;

[0055] Additionally, the present disclosure discloses a
method for imaging a target in a patient’s body, wherein 45
the method comprises the steps of:

providing a pre-acquired image of the target;
providing an electrophysiological map of the target;
placing a catheter comprising a position sensor and
an ultrasonic imaging sensor in the patient’s body
and determining positional information of a portion
ofthe catheterin the patient’s body using the position
sensor;

generating an ultrasonic image of the target using
the ultrasonic imaging sensor;

determining positional information for any pixel of
the ultrasonic image of the target and registering the
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a positioning processor operatively connected to the
catheter for determining positional information of the
portion of the catheter based on the electrical signals
transmitted by the position sensor;

a display; and

an image processor operatively connected to the
catheter, the positioning processor and the display,
the image processor generating an ultrasonic image
of the target based on the signals transmitted by the
ultrasonic sensor and depicting in real-time the gen-
erated ultrasound image on a display in a same ori-
entation as an orientation of the portion of the cath-
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eter in the patient’s body based on positional infor-
mation derived from the position sensor.

age with the ultrasonic image transmitted by the ul-
trasonic sensor and depicting the ultrasonic image

on the three-dimensional model on the display in re-
al-time in a same orientation as an orientation of the
portion of the catheter in the patient’s body based
on positional information derived from the position
sensor.

[0058] Moreover, the present disclosure discloses a
medicalimaging system forimaging a targetin a patient's 5
body wherein the system comprises:

a catheter comprising a position sensor and an ul-
trasonic imaging sensor, the position sensor trans-
mitting electrical signals indicative of positional in- 70
formation of a portion of the catheter in a patient’'s

[0060] An alternative embodiment of the present dis-
closure is a medical imaging system for imaging a target
in a patient’s body wherein the system comprises:

body and the ultrasonic imaging sensor transmitting
ultrasonic energy at a target in the patient’'s body,
receiving ultrasonic echoes reflected from the target

a pre-acquired image;
a catheter comprising a position sensor and an ul-

in the patient’s body and transmitting signals relating 75 trasonic imaging sensor, the position sensor trans-
to the ultrasonic echoes reflected from the target in mitting electrical signals indicative of positional in-
the patient’s body; formation of a portion of the catheter in a patient’s
a positioning processor operatively connected to the body and the ultrasonic imaging sensor transmitting
catheter for determining positional information of the ultrasonic energy at a target in the patient’s body,
portion of the catheter based on the electrical signals 20 receiving ultrasonic echoes reflected from the target
transmitted by the position sensor; in the patient’s body and transmitting signals relating
a display; and to the ultrasonic echoes reflected from the target in
an image processor operatively connected to the the patient’s body;
catheter, the positioning processor and the display, a positioning processor operatively connected to the
the image processor generating a plurality of two- 25 catheter for determining positional information of the
dimensional ultrasonic images of the target based portion of the catheter based on the electrical signals
on the signals transmitted by the ultrasonic sensor transmitted by the position sensor;
and reconstructing a three-dimensional model using a display; and
the plurality of two-dimensional ultrasonic images an image processor operatively connected to the
and depicting a real-time two-dimensional ultrasonic 30 catheter, the positioning processor and the display,
image on the three-dimensionalmodel on the display the image processor generating at least one two-
in a same orientation as an orientation of the portion dimensional ultrasonic image of the target based on
of the catheter in the patient’s body based on posi- the signals transmitted by the ultrasonic sensor and
tional information derived from the position sensor. reconstructing a three-dimensional model using the
35 at least one two-dimensional ultrasonic image and
[0059] Additionally, the present disclosure discloses a registering the pre-acquired image with the three-
medical imaging system forimaging a target in a patient’s dimensional model and depicting a real-time two-
body, wherein the system comprises: dimensional ultrasonic image on the registered pre-
acquired image and three-dimensional model on the
a pre-acquired image; 40 display in a same orientation as an orientation of the

a catheter comprising a position sensor and an ul-
trasonic imaging sensor, the position sensor trans-
mitting electrical signals indicative of positional in-
formation of a portion of the catheter in a patient’s

portion of the catheter in the patient’s body based
on positional information derived from the position
sensor.

body and the ultrasonic imaging sensor transmitting 45
ultrasonic energy at a target in the patient’'s body,
receiving ultrasonic echoes reflected from the target

[0061] Moreover, an alternative embodiment of the
present disclosure is a medical imaging system for im-
aging a patient’s body, wherein the system comprises:

in the patient’s body and transmitting signals relating
to the ultrasonic echoes reflected from the target in
the patient’s body;

a positioning processor operatively connected to the
catheter for determining positional information of the
portion of the catheter based on the electrical signals
transmitted by the position sensor;

a display; and

an image processor operatively connected to the
catheter, the positioning processor and the display,
the image processor registering the pre-acquired im-
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a catheter comprising a position sensor and an ul-
trasonic imaging sensor, the position sensor trans-
mitting electrical signals indicative of positional in-
formation of a portion of the catheter in a patient’s
body and the ultrasonic imaging sensor transmitting
ultrasonic energy at a target in the patient’s body,
receiving ultrasonic echoes reflected from the target
in the patient’s body and transmitting signals relating
to the ultrasonic echoes reflected from the target in
the patient’s body;
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a positioning processor operatively connected to the
catheter for determining positional information of the
portion of the catheter based on the electrical signals
transmitted by the position sensor;

a display; and

an image processor operatively connected to the
catheter, the positioning processor and the display,
the image processor displaying on the display a cath-
eter icon in a same orientation as an orientation of
the portion of the catheter in the patient’s body based
on positional information derived from the position
sensor, the image processor also generating an ul-
trasonic image of the target based on the signals
transmitted by the ultrasonic sensor and depicting in
real-time the generated ultrasound image on a dis-
play in a same orientation as the orientation of the
portion of the catheter in the patient's body based
on positional information derived from the position
sensor.

[0062] The cathetericonis used for directing the trans-
mitted ultrasonic energy at a target in the patient’s body
from the ultrasonic sensor of the catheter in a particular
direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0063] The presentinvention, as defined in the claims,
will be more fully understood from the following detailed
description of the embodiments thereof, taken together
with the drawings in which:

Fig. 1 is a schematic, pictorial illustration of a system
for cardiac mapping and imaging, in accordance with
an embodiment of the present invention;

Fig. 2 is a schematic, pictorial illustration of a cath-
eter, in accordance with an embodiment of the
present invention;

Fig. 3 is a flow chart that schematically illustrates a
method for cardiac mapping and imaging, in accord-
ance with an embodiment of the present invention;
Figs. 4-8 are images that visually demonstrate a
method for cardiac mapping and imaging, in accord-
ance with an embodiment of the present invention;
Figs. 9 and 10 are images that visually demonstrate
a modeled cardiac chamber, in accordance with an
embodiment of the present invention; and

Fig. 11 is an image that visually demonstrates an
ultrasound image registered with a pre-acquired im-
age, in accordance with an embodiment of the
present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
SYSTEM DESCRIPTION

[0064] Fig. 1 is a schematic, pictorial illustration of a
system 20 for imaging and mapping a heart 24 of a pa-
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tient, in accordance with an embodiment of the present
invention. The system comprises a catheter 28, which is
inserted by a physician into a chamber of the heart
through a vein or artery. Catheter 28 typically comprises
a handle 29 for operation of the catheter by the physician.
Suitable controls on the handle enable the physician to
steer, position and orient the distal end of the catheter
as desired.

[0065] System 20 comprises a positioning sub-system
that measures location and orientation coordinates of
catheter 28. (Throughout this patent application, the term
"location" refers to the spatial coordinates of the catheter,
and the term "orientation" refers to its angular coordi-
nates. The term "position" refers to the full positional in-
formation of the catheter, comprising both location and
orientation coordinates.)

[0066] Inone embodiment, the positioning sub-system
comprises a magnetic position tracking system that de-
termines the position and orientation of catheter 28. The
positioning sub-system generates magnetic fields in a
predefined working volume its vicinity and senses these
fields at the catheter. The positioning sub-system typi-
cally comprises a set of external radiators, such as field
generating coils 30, which are located in fixed, known
positions external to the patient. Coils 30 generate fields,
typically electromagnetic fields, in the vicinity of heart 24.
The generated fields are sensed by a position sensor 32
inside catheter 28.

[0067] In an alternative embodiment, a radiator, such
as acoil, inthe catheter generates electromagneticfields,
which are received by sensors outside the patient’s body.
[0068] The position sensor transmits, in response to
the sensed fields, position-related electrical signals over
cables 33 running through the catheter to a console 34.
Alternatively, the position sensor may transmit signals to
the console over a wireless link. The console comprises
a positioning processor 36 that calculates the location
and orientation of catheter 28 based on the signals sent
by position sensor 32. Positioning processor 36 typically
receives, amplifies, filters, digitizes, and otherwise proc-
esses signals from catheter 28.

[0069] Some position tracking systems that may be
used for this purpose are described, for example, in U.S.
Patents 6,690,963, 6,618,612 and 6,332,089, and U.S.
Patent Application Publications 2002/0065455 A1,
2004/0147920 A1 and 2004/0068178 A1. Although the
positioning sub-system shown in Fig. 1 uses magnetic
fields, the methods described below may be implement-
ed using any other suitable positioning sub-system, such
as systems based on electromagnetic fields, acoustic or
ultrasonic measurements.

[0070] As will be explained and demonstrated below,
system 20 enables the physician to perform a variety of
mapping and imaging procedures. These procedures
comprise, for example, the following:

= Display real-time or near real-time (NRT) 2-D ul-
trasound images (See Figs. 4 and 6 below).
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= Reconstruct 3-D models of a target structure in
the patient’s body, based on 2-D ultrasound images
(See Figs. 4-10 below).

= Register, overlay and display a parametric map,
such as an electro-physiological information map or
an electro-anatomical map on the reconstructed 3-
D model (See Fig. 8 below).

= Register, overlay and display a 3-D image ac-
quired from an external system on the reconstructed
3-D model.

= Register and display 2-D ultrasound images on a
3-D image acquired from an external system (See
Fig. 11 below).

[0071] Fig. 2 is a schematic, pictorial illustration that
shows the distal end of catheter 28, in accordance with
an embodiment of the present invention. The catheter
comprises an ultrasonic imaging sensor. The ultrasonic
sensor typically comprises an array of ultrasonic trans-
ducers 40. In one embodiment, the transducers are pie-
zo-electric transducers. The ultrasonic transducers are
positioned in or adjacent to a window 41, which defines
an opening within the body or wall of the catheter.
[0072] Transducers 40 operate as a phased array,
jointly transmitting an ultrasound beam from the array
aperture through window 23. (Although the transducers
are shown arranged in a linear array configuration, other
array configurations can be used, such as circular or con-
vex configurations.) In one embodiment, the array trans-
mits a short burst of ultrasound energy and then switches
to a receiving mode for receiving the ultrasound signals
reflected from the surrounding tissue. Typically, trans-
ducers 40 are driven individually in a controlled manner
in order to steer the ultrasound beam in a desired direc-
tion. By appropriate timing of the transducers, the pro-
duced ultrasound beam can be given a concentrically
curved wave front, so as to focus the beam at a given
distance fromthe transducer array. Thus, system 20 uses
the transducer array as a phased array and implements
atransmit/receive scanning mechanism that enables the
steering and focusing of the ultrasound beam, so as to
produce 2-D ultrasound images.

[0073] Inone embodiment, the ultrasonic sensor com-
prises between sixteen and sixty-four transducers 40,
preferably between forty-eight and sixty-four transduc-
ers. Typically, the transducers generate the ultrasound
energy at a center frequency in the range of 5-10 MHz,
with a typical penetration depth of 14 cm. The penetration
depth typically ranges from several millimeters to around
16 centimeters, and depends upon the ultrasonic sensor
characteristics, the characteristics of the surrounding tis-
sue and the operating frequency. In alternative embodi-
ments, other suitable frequency ranges and penetration
depths can be used.

[0074] Afterreceiving the reflected ultrasound echoes,
electric signals based on the reflected echoes are sent
by transducers 40 over cables 33 through catheter 28 to
an image processor 42 in console 34, which transforms
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them into 2-D, typically sector-shaped ultrasound imag-
es. Image processor 42 typically computes or determines
position and orientation information, displays real-time
ultrasound images, performs 3-D image or volume re-
constructions and other functions which will all be de-
scribed in greater detail below.

[0075] Insomeembodiments, theimage processor us-
es the ultrasound images and the positional information
to produce a 3-D model of a target structure of the pa-
tient’s heart. The 3-D model is presented to the physician
as a 2-D projection on a display 44.

[0076] In some embodiments, the distal end of the
catheter also comprises at least one electrode 46 for per-
forming diagnostic and/or therapeutic functions, such as
electro-physiological mapping and/or radio frequency
(RF) ablation. In one embodiment, electrode 46 is used
for sensing local electrical potentials. The electrical po-
tentials measured by electrode 46 may be used in map-
ping the local electrical activity on the endocardial sur-
face. When electrode 46 is brought into contact or prox-
imity with a pointon the inner surface of the heart, it meas-
ures the local electrical potential at that point. The meas-
ured potentials are converted into electrical signals and
sent through the catheter to the image processor for dis-
play. In other embodiments, the local electrical potentials
are obtained from another catheter comprising suitable
electrodes and a position sensor, all connected to con-
sole 34.

[0077] In alternative embodiments, electrode 46 can
be used to measure different parameters, such as vari-
ous tissue characteristics, temperature and/or blood
flow. Although electrode 46 is shown as being a single
ring electrode, the catheter may comprise any number
of electrodes 46 in any form. For example, the catheter
may comprise two or more ring electrodes, a plurality or
array of point electrodes, a tip electrode, or any combi-
nation of these types of electrodes for performing the
diagnostic and/or therapeutic functions outlined above.
[0078] Position sensor 32 is typically located within the
distal end of catheter 28, adjacent to electrode 46 and
transducers 40. Typically, the mutual positional and ori-
entational offsets between position sensor 32, electrode
46 and transducers 40 of the ultrasonic sensor are con-
stant. These offsets are typically used by positioning
processor 36 to derive the coordinates of the ultrasonic
sensor and of electrode 46, given the measured position
of position sensor 32. In another embodiment, catheter
28 comprises two or more position sensors 32, each hav-
ing constant positional and orientational offsets with re-
spect to electrode 46 and transducers 40. In some em-
bodiments, the offsets (or equivalent calibration param-
eters) are pre-calibrated and stored in positioning proc-
essor 36. Alternatively, the offsets can be stored in a
memory device (such as an electrically-programmable
read-only memory, or EPROM) fitted into handle 29 of
catheter 28.

[0079] Position sensor 32 typically comprises three
non-concentric coils (not shown), such as described in
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U.S. Patent 6,690,963 cited above. Alternatively, any oth-
er suitable position sensor arrangement can be used,
such as sensors comprising any number of concentric or
non-concentric coils, Hall-effect sensors and/or magne-
to-resistive sensors.

[0080] Typically, both the ultrasound images and the
position measurements are synchronized with the heart
cycle, by gating signal and image capture relative to a
body-surface electrocardiogram (ECG) signal or intra-
cardiac electrocardiogram. (In one embodiment, the
ECG signal can be produced by electrode 46.) Since fea-
tures of the heart change their shape and position during
the heart’s periodic contraction and relaxation, the entire
imaging process is typically performed at a particular tim-
ing with respect to this period. In some embodiments,
additional measurements taken by the catheter, such as
measurements of various tissue characteristics, temper-
ature and blood flow measurements, are also synchro-
nized to the electrocardiogram (ECG) signal. These
measurements are also associated with corresponding
position measurements taken by position sensor 32. The
additional measurements are typically overlaid on the re-
constructed 3-D model, as will be explained below.
[0081] In some embodiments, the position measure-
ments and the acquisition of the ultrasound images are
synchronized to an internally-generated signal produced
by system 20. For example, the synchronization mech-
anism can be used to avoid interference in the ultrasound
images caused by a certain signal. In this example, the
timing of image acquisition and position measurementis
set to a particular offset with respect to the interfering
signal, so that images are acquired without interference.
The offset can be adjusted occasionally to maintain in-
terference-free image acquisition. Alternatively, the
measurement and acquisition can be synchronized to an
externally-supplied synchronization signal.

[0082] In one embodiment, system 20 comprises an
ultrasound driver (not shown) that drives the ultrasound
transducers 40. One example of a suitable ultrasound
driver, which can be used for this purpose is an AN2300™
ultrasound system produced by Analogic Corp. (Pea-
body, Massachusetts). In this embodiment, the ultra-
sound driver performs some of the functions of image
processor42, driving the ultrasonic sensor and producing
the 2-D ultrasound images. The ultrasound driver may
support different imaging modes such as B-mode, M-
mode, CW Doppler and color flow Doppler, as are known
in the art.

[0083] Typically, the positioning and image processors
are implemented using a general-purpose computer,
which is programmed in software to carry out the func-
tions described herein. The software may be downloaded
to the computer in electronic form, over a network, for
example, or it may alternatively be supplied to the com-
puter on tangible media, such as CD-ROM. The position-
ing processor and image processor may be implemented
using separate computers or using a single computer, or
may be integrated with other computing functions of sys-
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tem 20. Additionally or alternatively, at least some of the
positioning and image processing functions may be per-
formed using dedicated hardware.

3-D IMAGING METHOD

[0084] Fig. 3 is a flow chart that schematically illus-
trates a method for cardiac mapping and imaging, in ac-
cordance with an embodiment of the present disclosure.
In principle, the disclosed method combines multiple 2-
D ultrasound images, acquired at different positions of
the catheter, into a single 3-D model of the target struc-
ture. In the context of the present patent application and
in the claims, the term "target structure" or "target" may
refer to a chamber of the heart, in whole or in part, or to
a particular wall, surface, blood vessel or other anatom-
ical feature. Although the embodiments described herein
refer particularly to structures in and around the heart,
the principles of the present disclosure may similarly be
applied, mutatis mutandis, in imaging of bones, muscles
and other organs and anatomical structures.

[0085] The method begins with acquisition of a se-
quence of 2-D ultrasound images of the target structure,
at an ultrasound scanning step 50. Typically, the physi-
cian inserts catheter 28 through a suitable blood vessel
into a chamber of the heart, such as the right atrium, and
then scans the target structure by moving the catheter
between different positions inside the chamber. The tar-
get structure may comprise all or a part of the chamber
in which the catheter is located or, additionally or alter-
natively, a different chamber, such as the left atrium, or
vascular structures, such as the aorta. In each catheter
position, the image processor acquires and produces a
2-D ultrasound image, such as the image shown in Fig.
4 below.

[0086] In parallel, the positioning sub-system meas-
ures and calculates the position of the catheter. The cal-
culated position is stored together with the corresponding
ultrasound image. Typically, each position of the catheter
is represented in coordinate form, such as a six-dimen-
sional coordinate (X, Y, Z axis positions and pitch, yaw
and roll angular orientations).

[0087] In some embodiments, the catheter performs
additional measurements using electrode 46. The meas-
ured parameters, such as local electrical potentials, are
optionally overlaid and displayed as an additional layer
on the reconstructed 3-D model of the target structure,
as will be explained below.

[0088] Afterobtaining the setof ultrasound images, the
image processor displays one or more of these images
to the physician, at a manual tagging step 52. Alterna-
tively, step 52 may be interleaved with step 50. The gray
levels inthe images enable the physician to identify struc-
tures, such as the walls of heart chambers, blood vessels
and valves. The physician examines the ultrasound im-
ages and identifies contours-of-interest that represent
walls or boundaries of the target structure. The physician
marks the contours on display 44, typically by "tagging"
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them using a pointing device 45, such as a trackball. (An
exemplary tagged 2-D image is shown in Fig. 5 below.)
The pointing device may alternatively comprise a mouse,
a touch-sensitive screen or tablet coupled to display 44,
or any other suitable input device. The combination of
display 44 and pointing device 45 is an example of an
interactive display, i.e., means for presenting an image
and permitting the user to mark on the image in such a
way that a computer is able to locate the marks in the
image. Other types of interactive displays will be appar-
ent to those skilled in the art.

[0089] The physician may tag the contours on one or
several images out of the set in this manner. The physi-
cian may also tag various anatomical landmarks or arti-
facts, as relevant to the medical procedure in question.
The physician may similarly identify "keep away" areas
that should not be touched or entered in a subsequent
therapeutic procedure, such as ablation.

[0090] In some embodiments, the contours-of-interest
are tagged in a semi-automatic manner. For example,
the image processor may run suitable contour detection
software. In this embodiment, the software automatically
detects and marks contours in one or more of the 2-D
images. The physician then reviews and edits the auto-
matically-detected contours using the interactive display.
[0091] The image processor is adapted to use the
tagged contours to automatically reconstruct the con-
tours in the remaining, untagged ultrasound images, at
an automatic tagging step 54. (In some embodiments,
the physician may tag all 2-D ultrasound images at step
52.Inthis case, step 54 is omitted.) The image processor
traces the structures tagged by the physician, and recon-
structs them in the remaining ultrasound images. This
identification and reconstruction process may use any
suitable image processing method, including edge de-
tection methods, correlation methods, motion detection
methods and other methods known in the art. The posi-
tion coordinates of the catheter that are associated with
each of the images may also be used by the image proc-
essor in correlating the contour locations from image to
image. Additionally or alternatively, step 54 may be im-
plemented in a user-assisted manner, in which the phy-
sician reviews and corrects the automatic contour recon-
struction carried out by the image processor. The output
of step 54 is a set of 2-D ultrasound images, tagged with
the contours-of-interest.

[0092] The image processor subsequently assigns 3-
D coordinates to the contours-of-interest identified in the
set of images, at a 3-D coordinate assignment step 56.
Although in step 52 the physician marks the tags on 2-D
images, the location and orientation of the planes of these
images in 3-D space are known by virtue of the positional
information, stored together with the images at step 50.
Therefore, the image processor is able to determine the
3-D coordinates for each pixel or of any pixel in the 2-D
images, and in particular those corresponding to the
tagged contours. When assigning the coordinates, the
image processor typically uses the stored calibration data
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comprising the position and orientation offsets between
the position sensor and the ultrasonic sensor, as de-
scribed above.

[0093] Insome embodiments, the contours-of-interest
comprise discrete points. In these embodiments, the po-
sitioning processor assigns a 3-D coordinate to each
such discrete point. Additionally, the positioning proces-
sor assigns a 3-D coordinate to discrete points of a sur-
face or avolume (defined by surfaces) such as achamber
of a heart. Thus, registration of the pre-acquired image
to the one or more 2-D ultrasound images or 3-D model
of the ultrasound images can be performed using con-
tours, discrete points, surfaces or volumes.

[0094] In some embodiments, the image processor
displays one or more of the 2-D ultrasound images, ap-
propriately oriented in 3-D space. (See, for example, Fig.
6 below.) The contours-of-interest may optionally be
marked on the oriented 2-D image.

[0095] The image processor produces a 3-D skeleton
model of the target structure, at a 3-D reconstruction step
58. The image processor arranges the tagged contours
from some or all of the 2-D images in 3-D space to form
the skeleton model. (See an exemplary skeleton model
in Fig. 7 below.) In some embodiments, the image proc-
essor uses a "wire-mesh" type process to generate sur-
faces over the skeleton model and produce a solid 3-D
shape of the target structure. The image processor
projects the contours-of-interest on the generated 3-D
model. The model is typically presented to the physician
on display 44. (See exemplary 3-D models in Figs. 8-10
below.)

[0096] Asdescribedabove,insome embodiments sys-
tem 20 supports a measurement of local electrical po-
tentials on the surfaces of the target structure. In this
measurement, each electrical activity data-point ac-
quired by catheter 28 comprises an electrical potential
or activation time value measured by electrode 46 and
the corresponding position coordinates of the catheter
measured by the positioning sub-system for creation or
generation of an electrophysiological map (by the image
processor). The image processor registers the electrical
activity data-points with the coordinate system of the 3-
D model and overlays them on the model, at an overlay-
ing step 60. Step 60 is optional in the method and is
performed only if system 20 supports this type of meas-
urement and if the physician has chosen to use this fea-
ture. The electrical activity data-points are typically meas-
ured when electrode 46 is in contact with, or in close
proximity to, the wall of the target structure. Therefore,
the data-points are typically superimposed on the 3-D
model of the structure.

[0097] Alternatively, a separate 3-D electrical activity
map (often referred to as an electro-anatomical map) can
be generated and displayed. For example, a suitable
electro-anatomical map can be produced by a CARTO™
navigation and mapping system, manufactured and sold
by Biosense Webster, Inc. (Diamond Bar, California).
The electrical potential values may be presented using
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a color scale, for example, or any other suitable visuali-
zation method. In some embodiments, the image proc-
essor may interpolate or extrapolate the measured elec-
trical potential values and display a full color map that
describes the potential distribution across the walls of
the target structure. As defined herein, the term "electro-
physiological map" means a map of electrical activity da-
ta-points or an electro-anatomical map.

[0098] As noted above, information imported from oth-
er imaging applications may be registered with the 3-D
model and overlaid on the model for display. For exam-
ple, pre-acquired computerized tomography (CT), mag-
netic resonance imaging (MRI) or x-ray information may
be registered with the 3-D ultrasound-based model and
displayed together with the 3-D model and/or with 2-D
ultrasound images on display 44. (See an exemplary
overlay of a 2-D image and a pre-acquired CT image in
Fig. 11 below.)

[0099] Additionally or alternatively, if additional para-
metric measurements were taken at step 50 above, these
measurements can be registered with the 3-D model and
displayed as an additional layer (often referred to as a
"parametric map").

[0100] When implementing the disclosed method, the
order of steps 50-60 may be modified, and steps may be
repeated in an interactive manner. For example, the phy-
sician may acquire a first sequence 2-D images and tag
them manually. Then, the physician may go back and
acquire additional images and have the system tag them
automatically, using the tagged contours in the first se-
quence of images. The physician may then generate the
full 3-D model and examine it. If the model is not accurate
enough in some areas, the physician may decide to ac-
quire an additional set of images in order to refine the 3-
D model. Additionally or alternatively, the physician may
decide, after examining the images or the 3-D model, to
change the manual tagging of one or more of the images,
or to override the automatic tagging process. Other se-
quences of applying steps 50-60, in order to reach a high
quality 3-D model of the target structure, may also be
followed by the physician. Additionally or alternatively,
some of these steps may be carried out automatically,
under robotic control, for example.

[0101] In some embodiments, features from the 2-D
ultrasound images are selectively displayed as part of
the 3-D model. For example, features that are located
outside the volume defined by the contours-of-interest
may be discarded or hidden from the displayed model.
Alternatively or additionally, only the skeleton model or
the wire-mesh model can be displayed. Other suitable
criteria can be used for filtering the information to be dis-
played. For example, "keep away" areas marked in one
or more of the 2-D images, as described above, may be
suitably drawn and highlighted in the 3-D model.
[0102] In some embodiments, system 20 can be used
as a real-time or near real-time imaging system. For ex-
ample, the physician can reconstruct a 3-D model of the
target structure using the methods described above, as
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a preparatory step before beginning a medical proce-
dure. The physician can tag any desired anatomical land-
marks or features of interest, which are displayed on the
3-D model. During the procedure, system 20 can contin-
uously track and display the 3-D position of the catheter
with respect to the model and the tagged contours. The
catheter used for performing the medical procedure may
be the same catheter used for generating the 3-D model,
or a different catheter fitted with a suitable position sen-
sor.

CARDIAC IMAGING EXAMPLE

[0103] Figs. 4-8 are images that visually demonstrate
the 3-D imaging method described above, in accordance
with an embodiment of the present disclosure. The fig-
ures were produced from ultrasound images generated
by a cardiac imaging system implemented by the inven-
tors. The images were produced during a real-life exper-
iment that imaged the heart of a pig using a catheter
similar to the catheter shown in Fig. 2 above.

[0104] Fig. 4 shows a 2-D ultrasound image acquired
by the ultrasonic transducers at a particular position of
catheter 28. The image shows two distinct features 80
and 82 of the heart. Multiple ultrasound images of this
form were acquired at different positions of the catheter,
in accordance with ultrasound scanning step 50 of the
method of Fig. 3 above.

[0105] Fig.5shows the ultrasound image of Fig. 4, with
features 80 and 82 marked with contours 84 and 86, re-
spectively. Fig 4 was taken with the catheter positioned
in the right atrium. In this 2-D ultrasound image, feature
80 represents the mitral valve and feature 82 represent
the aortic valve. The contours were manually tagged by
auser, in accordance with manual tagging step 52 of the
method of Fig. 3 above. Contours 84 and 86 mark the
anatomical structures in the 3-D working volume and as-
sist the physician to identify these structures during the
procedure.

[0106] Fig. 6 shows a 2-D ultrasound image 85 orient-
ed and projected in 3-D space. The figure shows an ex-
emplary split-screen display, as can be produced by im-
age processor 42 and displayed on display 44 of system
20. The "raw" 2-D image is displayed in a separate win-
dow on the right hand side of the figure.

[0107] An isometric display at the center of the figure
shows a projected image 87, produced by orienting and
projecting the plane of image 85 in 3-D space, in accord-
ance with the position measurement of position sensor
32. An orientation icon 81, typically having the shape of
theimaged anatomical structure (a heart in this example),
is displayed with the same orientation as projected image
87 inreal-time as catheter 28 is moved within the patient’s
body. Icon 81 assists the physician in understanding the
3-D orientation of the projected image.

[0108] A beamicon 83 is used in association with pro-
jected 2-D image 87 to mark the area scanned by the
ultrasound beam. As such, icon 83 is oriented and dis-
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played in the same plane (same orientation) as projected
image 87 in real-time as catheter 28 is moved within the
patient’s body. lcon 83 may comprise a web-like or fan-
like linear depiction, preferably in color, such as red. Al-
ternatively, icon 83 may comprise a colored line marking
the perimeter of the area scanned by the beam to produce
image 87, or any other suitable means for visualizing the
position and orientation of the ultrasound beam. In the
example of Fig. 6, icon 83 comprises two straight lines
indicating the angular sector defined by the ultrasound
beam. In some embodiments, an additionalicon 99 mark-
ing the location and position of the distal end of catheter
28 is also displayed. For example, the distal end of cath-
eter 28 is displayed as a catheter tip icon 99 that permits
the physician or user of system 20 to understand the
location and orientation of ultrasound images captured
by the catheter 28, independently of whether any other
image processing is used to orient the 2-D ultrasound
image or fan 87 or to superimpose the 2-D image on a
3-D image or frame. The physician or user of suystem
20 may also use the icon 99 for aiming or directing the
ultrasound beam in a desired direction and/orientation.
For example, the catheter tip icon 99 may be used in
positioning the tip of catheter 28 adjacent to a known
landmark in the heart in order to facilitate a more accurate
estimation of the direction of the ultrasound beam.
[0109] Projected image 87 is typically displayed inside
a cube that marks the boundaries of the working volume.
The working volume is typically referenced to the coor-
dinate system of field radiating coils 30 of the positioning
sub-system shown in Fig. 1 above. In one embodiment,
each side of the cube (i.e., the characteristic dimension
of the working volume) measures approximately 12 cm.
Alternatively, any other suitable size and shape can be
chosen for the working volume, typically depending upon
the tissue penetration capability of the ultrasound beam.
[0110] A signal display 91 at the bottom of the figure
shows the ECG signal, to which the measurements are
synchronized, as explained above.

[0111] When system 20 operates in real time, the po-
sition and orientation of the projected image and of icon
83 change with the movements of catheter 28. In some
embodiments, the physician can change the angle of ob-
servation, zoom in and out and otherwise manipulate the
displayed images using the interactive display. The user
interface features described herein are shown as an ex-
emplary configuration. Any other suitable user interface
can be used.

[0112] In some embodiments, system 20 and the as-
sociated user interface can be used for 3-D display and
projection of 2-D ultrasound images, without reconstruct-
ing a 3-D model. For example, the physician can acquire
a single 2-D ultrasound image and tag contours-of-inter-
est on this image. System 20 can then orient and project
the ultrasound image in 3-D space, in a manner similar
to the presentation of projected image 87. If desired, dur-
ing the medical procedure the system can continuously
track and display the 3-D position of the catheter per-
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forming the procedure (which may be different from the
catheter acquiringimage 87) with respect to the projected
ultrasound image and the tagged contours.

[0113] Fig. 7 shows a skeleton model of the target
structure, in this example comprising the right ventricle,
produced by the image processor in accordance with 3-
D reconstruction step 58 of the method of Fig. 3 above.
Prior to generating the skeleton model, the image proc-
essor traced and reconstructed contours 84 and 86 in
the untagged ultrasound images, in accordance with au-
tomatic tagging step 54. Fig. 7 shows the original con-
tours 84 and 86 projected onto 3-D space. Contours 88
were automatically reconstructed by the image proces-
sor from other contours tagged by the physician.
[0114] Fig. 8 shows a solid 3-D model of the right ven-
tricle, generated by the image processor. Some of con-
tours 88 are overlaid on the solid model. In addition, con-
tours 89 showing the left ventricle can also be seen in
the figure. The surface of the right ventricle is overlaid
with an electrical activity map 90, as measured by elec-
trode 46 in accordance with overlaying step 60 of the
method of Fig. 3 above. The map presents different elec-
trical potential values using different colors (shown as
different shading patterns in fig. 8).

[0115] Figs. 9 and 10 are images that visually demon-
strate modeled left atria, in accordance with the present
invention. In both figures, the atrium is shown as a solid
model 92. A contour 94 tagged by the physician marks
the location of the fossa ovalis. Contours 96 mark addi-
tional contours of interest used to construct solid model
92. In Fig. 10, a 2-D ultrasound image 98 is registered
with the coordinate system of model 92 and displayed
together with the model.

[0116] Fig. 11 is an image that visually demonstrates
an ultrasound image 102 registered with a pre-acquired
image 100, in accordance with the present invention. In
this example, a pre-acquired CT image is registered with
the coordinate system of the 3-D model. The pre-ac-
quiredimage and the 2-D ultrasound image are displayed
together on display 44.

[0117] Although the embodiments described above re-
late specifically to ultrasound imaging using an invasive
probe, such as a cardiac catheter, the principles of the
present invention may also be applied in reconstructing
3-D models of organs using an external or internal ultra-
sound probe (such as a trans-thoracic probe), fitted with
a positioning sensor. Additionally or alternatively, as not-
ed above, the disclosed method may be used for 3-D
modeling of organs other than the heart. Further addi-
tionally or alternatively, other diagnostic or treatment in-
formation, such as tissue thickness and ablation temper-
ature, may be overlaid on the 3-D model in the manner
of the electrical activity overlay described above. The 3-
D model may also be used in conjunction with other di-
agnostic or surgical procedures, such as ablation cath-
eters. The 3-D model may also be used in conjunction
with other procedures, such as an atrial septal defect
closing procedure, spine surgery, and particularly mini-
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mally-invasive procedures.

[0118] Itwill thus be appreciated that the embodiments
described above are cited by way of example, and that
the present invention is not limited to what has been par-
ticularly shown and described hereinabove.

Claims

1. A system (20) forimaging a target structure of a pa-
tient’s heart, the system comprising:

means adapted to receive a pre-acquired image
(100);

acatheter (28) comprising a position sensor (32)
and an ultrasonic imaging sensor (40), the po-
sition sensor adapted to transmit electrical sig-
nals indicative of positional information of a por-
tion of the catheter in the patient’s body, and the
ultrasonic imaging sensor adapted to transmit
ultrasonic energy at the target structure of the
patient’'s heart, receive ultrasonic echoes re-
flected from the target structure of the patient’s
heart and transmit signals relating to the ultra-
sonic echoes reflected from the target structure
of the patient’s heart;

a positioning processor (36) operatively con-
nected to the catheter and adapted to determine
positional information of the portion of the cath-
eter based on the electrical signals transmitted
by the position sensor;

an image processor (42) operatively connected
to the catheter and the positioning processor,
the image processor adapted to generate mul-
tiple two-dimensional ultrasonic images based
on the signals transmitted by the ultrasonic sen-
sor and determine positional information for any
pixel of the ultrasonic images, and character-
ised in that the image processor is further
adapted to: assign 3D coordinates to contours
of interest (94, 96) manually tagged in one or
more of said two-dimensional ultrasonic images
after said one or more two-dimensional ultrason-
icimages are generated, thereby to identify fea-
tures of the heart;

automatically identify and reconstruct contours
(84, 86, 88) corresponding to said contours of
interest in at least some of any remaining un-
tagged two-dimensional ultrasonic images;
reconstruct a three-dimensional model (92) of
the target structure of the patient’'s heart from
the two-dimensional ultrasonic images, wherein
said contours are used to segment three-dimen-
sional structures in the three-dimensional mod-
el; and

register the pre-acquired image with atleast one
of the two-dimensional ultrasonic images (102),
and with the three-dimensional model; the sys-

10

15

20

25

30

35

40

45

50

55

15

10.

1.

12.

13.

tem further comprising:

a display (44) adapted to display the regis-
tered pre-acquired image together with the
three-dimensional model and/or with at
least one of the two-dimensional ultrasonic
images.

The system according to claim 1, wherein the posi-
tion sensor is adapted to determine location and ori-
entation coordinates as the positional information.

The system according to Claim 2, wherein the posi-
tion sensor is adapted to be responsive to an elec-
tromagnetic field.

The system according to Claim 3, wherein the elec-
tromagnetic field defines a working volume for the
catheter.

The system according to any one of Claims 1 to 4,
wherein the ultrasonic imaging sensor is an array of
ultrasonic transducers.

The system according to Claim 5, wherein the array
of ultrasonic transducers is a phased array.

The system according to any one of Claims 1 to 6,
wherein the pre-acquired image is a MRI image.

The system according to any one of Claims 1 to 6,
wherein the pre-acquired image is a CT image.

The system according to any one of Claims 1 to 6,
wherein the pre-acquired image is an X-ray image.

The system according to any of claims 1to0 9, wherein
the positional information for any pixel of the ultra-
sonic image of the target is determined using stored
calibration data comprising position and orientation
offsets between the position sensor and the ultra-
sonic imaging sensor.

The system according to any one of Claims 1 to 10,
further comprising a synchronisation mechanism,
wherein the position measurements and the acqui-
sition of ultrasound images are synchronized to an
internally-generated signal produced by the system.

The system of any one of claims 1 to 10, further com-
prising a synchronisation mechanism, wherein the
position measurements and the acquisition of ultra-
soundimages are synchronized to an externally sup-
plied signal.

The system of claim 11 or 12, wherein the timing of
image acquisition and position measurement is set
to a particular offset with respect to an interfering
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signal.

14. The system of claim 13, wherein the offset can be

adjusted.

Patentanspriiche

System (20) zur Bildgebung einer Zielstruktur eines
Patientenherzens, wobei das System Folgendes
umfasst:

Mittel, die ausgelegt sind, um vorher erfasste
Bilddaten (100) zu empfangen;

einen Katheter (28), umfassend einen Positi-
onssensor (32) und einen Ultraschall-Bildge-
bungssensor (40), wobei der Positionssensor
dafiir ausgelegt ist, elektrische Signale zu tber-
tragen, die Positionsinformationen eines Ab-
schnitts des Katheters in dem Patientenk&rper
angeben, und der Ultraschall-Bildgebungssen-
sor daflir ausgelegt ist, Ultraschallenergie an
der Zielstruktur des Patientenherzens zu Uber-
tragen, von der Zielstruktur des Patientenher-
zens reflektierte Ultraschallechos zu empfan-
gen und Signale zu senden, die sich auf die von
der Zielstruktur des Patientenherzens reflektier-
ten Ultraschallechos beziehen;

einen Positionierungsprozessor (36), der mit
dem Katheter wirkverbunden und dafiir ausge-
legt ist, Positionsinformationen des Abschnitts
des Katheters basierend auf den elektrischen
Signalen zu bestimmen, die durch den Positi-
onssensor Ubertragen werden;

einen mit dem Katheter und dem Positionie-
rungsprozessor wirkverbundenen Bildprozes-
sor (42), wobei der Bildprozessor dafiir ausge-
legt ist, mehrere zweidimensionale Ultraschall-
bilder basierend auf den von dem Ultraschall-
sensor Ubertragenen Signalen zu generieren
und Positionsinformationen fir jedes Pixel der
Ultraschallbilder zu bestimmen, und dadurch
gekennzeichnet, dass der Bildprozessor fer-
ner dafiir ausgelegt ist: 3D-Koordinaten zu Kon-
turen von Interesse (94, 96) zuzuordnen, die
manuellin einem oder mehreren der zweidimen-
sionalen Ultraschallbilder markiert sind, nach-
dem das eine oder die mehreren zweidimensi-
onalen Ultraschallbilder generiert wurden, um
dadurch Merkmale des Herzens zu identifizie-
ren;

Konturen (84, 86, 88) automatisch zu identifizie-
ren und zu rekonstruieren, die den Konturen von
Interesse in mindestens einigen jeglicher ver-
bleibenden nicht markierten zweidimensionalen
Ultraschallbilder entsprechen;

ein dreidimensionales Modell (92) der Zielstruk-
tur des Patientenherzens aus den zweidimensi-
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10.

1.

30

onalen Ultraschallbildern zu rekonstruieren, wo-
bei die Konturen verwendet werden, um dreidi-
mensionale Strukturen in dem dreidimensiona-
len Modell zu segmentieren; und

die vorher erfassten Bilddaten mit mindestens
einem der zweidimensionalen Ultraschallbilder
(102) und mit dem dreidimensionalen Modell zu
registrieren;

wobei das System ferner Folgendes umfasst:

eine Anzeigevorrichtung (44), die dafiir aus-
gelegt ist, die registrierten vorher erfassten
Bilddaten zusammen mit dem dreidimensi-
onalen Modell und/oder mit mindestens ei-
nem der zweidimensionalen Ultraschallbil-
der anzuzeigen.

System nach Anspruch 1, wobei der Positionssensor
dafiir ausgelegt ist, die Positions- und Ausrich-
tungskoordinaten als Positionsinformation zu be-
stimmen.

System nach Anspruch 2, wobei der Positionssensor
dafiir ausgelegt ist, auf ein elektromagnetisches
Feld anzusprechen.

System nach Anspruch 3, wobei das elektromagne-
tische Feld ein Arbeitsvolumen flir den Katheter de-
finiert.

System nach einem der Anspriiche 1 bis 4, wobei
der Ultraschall-Bildgebungssensor eine Anordnung
von Ultraschallwandlern ist.

System nach Anspruch 5, wobei die Anordnung von
Ultraschallwandlern eine phasengesteuerte Anord-
nung ist.

System nach einem der Anspriiche 1 bis 6, wobei
die vorher erfassten Bilddaten eine MRI-Bildaufnah-
me sind.

System nach einem der Anspriiche 1 bis 6, wobei
die vorher erfassten Bilddaten ein CT-Bild sind.

System nach einem der Anspriiche 1 bis 6, wobei
die vorher erfassten Bilddaten ein Réntgenbild sind.

System nach einem der Anspriiche 1 bis 9, wobei
die Positionsinformation fiir jedes Pixel des Ultra-
schallbilds des Ziels unter Verwendung gespeicher-
ter Kalibrierungsdaten bestimmt wird, welche den
Positions- und Ausrichtungsversatz zwischen dem
Positionssensor und dem Ultraschall-Bildgebungs-
sensor umfassen.

System nach einem der Anspriiche 1 bis 10, ferner
umfassend einen Synchronisationsmechanismus,
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wobei die Positionsmessungen und das Erfassen
von Ultraschallbildern mit einem intern generierten
Signal synchronisiert werden, das durch das System
erzeugt wird.

System nach einem der Patentanspriiche 1 bis 10,
ferner umfassend einen Synchronisationsmecha-
nismus, wobei die Positionsmessungen und das Er-
fassen von Ultraschallbildern mit einem extern be-
reitgestellten Signal synchronisiert werden.

System nach Anspruch 11 oder 12, wobei der Zeit-
punkt der Bilderfassung und der Positionsmessung
auf einen bestimmten Versatz in Bezug auf ein In-
terferenzsignal eingestellt ist.

System nach Anspruch 13, wobei der Versatz ein-
stellbar ist.

Revendications

1.

Systeme (20) destiné a former une image d’'une
structure cible d’'un coeur d’un patient, le systeme
comprenant :

un moyen adapté pour recevoir une image préa-
lablement acquise (100) ;

un cathéter (28) comprenant un capteur de po-
sition (32) et un capteur d’imagerie ultrasonore
(40), le capteur de position étant adapté pour
transmettre des signaux électriques révélateurs
d’informations de position d’'une partie du cathé-
ter dans le corps du patient, et le capteur d’'ima-
gerie ultrasonore étant adapté pour transmettre
de I'énergie ultrasonore a la structure cible du
coeur du patient, recevoir des échos ultrasono-
res réfléchis depuis la structure cible du coeur
du patient et transmettre des signaux relatifs aux
échos ultrasonores réfléchis depuis la structure
cible du coeur du patient ;

un processeur de positionnement (36) fonction-
nellement relié au cathéter et adapté pour dé-
terminerdes informations de position de la partie
du cathéter sur la base des signaux électriques
transmis par le capteur de position ;

un processeur d’'image (42) fonctionnellement
relié au cathéter et au processeur de position-
nement, le processeur d'image étant adapté
pour générer de multiples images ultrasonores
bidimensionnelles sur la base des signaux
transmis par le capteur ultrasonore et détermi-
ner des informations de position pour chaque
pixel des images ultrasonores, et caractérisé
en ce que le processeur d’'image est également
adapté pour :

affecter des coordonnées 3D a des con-

10

15

20

25

30

35

40

45

50

55

17

tours d’intérét (94, 96) marqués manuelle-
ment dans une ou plusieurs desdites ima-
ges ultrasonores bidimensionnelles aprés
que ladite ou lesdites images ultrasonores
bidimensionnelles ont été générées, pour
identifier ainsi des caractéristiques du
coeur ;

identifier et reconstruire automatiquement
des contours (84, 86, 88) correspondant
auxdits contours d’intérét dans au moins
certaines de toutes les images ultrasonores
bidimensionnelles non marquées
restantes ;

reconstruire un modeéle tridimensionnel (92)
de la structure cible du coeur du patient a
partir des images ultrasonores bidimen-
sionnelles, lesdits contours étant utilisés
pour segmenter des structures tridimen-
sionnelles dans le modéle tridimensionnel ;
et

alignerI'image préalablement acquise avec
au moins une des images ultrasonores bi-
dimensionnelles (102), et avec le modele
tridimensionnel ;

le systtme comprenant en outre :

un écran (44) adapté pour afficher 'image
préalablement acquise alignée conjointe-
ment avec le modéle tridimensionnel et/ou
avecau moins une desimages ultrasonores
bidimensionnelles.

Systéme selonlarevendication 1, danslequel le cap-
teur de position estadapté pour déterminer des coor-
données d’emplacement et d’orientation en tant
gu’informations de position.

Systéme selon larevendication 2, dans lequel le cap-
teur de position est adapté pour étre sensible a un
champ électromagnétique.

Systéme selon la revendication 3, dans lequel le
champ électromagnétique définit un volume de tra-
vail pour le cathéter.

Systéme selon I'une quelconque des revendications
1 a 4, dans lequel le capteur d’'imagerie ultrasonore
est un réseau de transducteurs ultrasonores.

Systéme selon la revendication 5, dans lequel le ré-
seau de transducteurs ultrasonores est un réseau
phasé.

Systéme selon I'une quelconque des revendications
1a6, danslequel 'image préalablement acquise est
une image d’IRM.
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Systeme selon I'une quelconque des revendications
1a6, dans lequel 'image préalablement acquise est
une image de TDM.

Systeme selon I'une quelconque des revendications
1a6, dans lequel 'image préalablement acquise est
une image aux rayons X.

Systeme selon I'une quelconque des revendications
1 a9, dans lequel les informations de position pour
chaque pixel de I'image ultrasonore de la cible sont
déterminées a I'aide de données d’étalonnage stoc-
kées comprenant des décalages de position et
d’orientation entre le capteur de position et le capteur
d’'imagerie ultrasonore.

Systeme selon I'une quelconque des revendications
1 a 10, comprenant en outre un mécanisme de syn-
chronisation, les mesures de position et I'acquisition
d’'images ultrasonores étant synchronisées sur un
signal généré en interne produit par le systéme.

Systeme de I'une quelconque des revendications 1
a 10, comprenant en outre un mécanisme de syn-
chronisation, les mesures de position et I'acquisition
d’'images ultrasonores étant synchronisées sur un
signal fourni de I'extérieur.

Systeme de la revendication 11 ou 12, dans lequel
le minutage de I'acquisition d'image et de la mesure
de position est réglé sur un décalage particulier par
rapport a un signal d’interférence.

Systeme de la revendication 13, dans lequel le dé-
calage peut étre ajusté.
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