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(67)  Theinvention relates to an ultrasound visualiza-

tion system 111, 311 for tracking a position of an inter-

ventional device 112 based on a stream of live ultrasound
images 113. A processor 117 receives the stream of live
ultrasound images 113, extracts a reference image 118

that includes an anatomical feature 119, extracts from
the stream of live ultrasound 113 images a currentimage

120 that includes a portion of the anatomical feature 119
and a portion of the interventional device 112 at a current

ULTRASOUND TRACKING AND VISUALIZATION

position 121, matches the portion of the anatomical fea-
ture in the currentimage 120 with the anatomical feature
in the reference image 118 to determine a spatial rela-
tionship between the current position of the interventional
device and the anatomical feature in the reference image
118, and indicates, in the reference image 118, the cur-
rent position 121 of the interventional device 112, based
on the determined spatial relationship.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to an ultrasound visuali-
zation system for tracking a position of an interventional
device based on a stream of live ultrasound images of
an ultrasound imaging probe. A computer program prod-
uct is also disclosed. The invention may be used in the
medical ultrasound imaging field, and more specifically
in ultrasound-based cardiac imaging. The stream of live
ultrasound images may exemplarily be provided by a car-
diac imaging probe such as an intra cardiac echo, ICE,
probe or a trans esophageal echocardiogram, TEE,
probe. The interventional device may for example be an
ablation catheter.

BACKGROUND OF THE INVENTION

[0002] Interventional cardiology procedures such as
the treatment of cardiac arrhythmias by catheter ablation
are increasingly using tracking and mapping techniques
to navigate interventional devices within the body. The
treatment of atrial fibrillation by catheter ablation is an
example of such a procedure. In this, an ablation catheter
is used to deliver energy to the cardiac wall to destroy
living tissue in order to stop undesired conduction of elec-
tric pulses that cause the arrhythmia. Catheter navigation
and mapping systems such as Carto, produced by Bio-
sense-Webster, and Ensite, produced by St. Jude Med-
ical are routinely used in this procedure to guide the cath-
eter to the treatment site. These known systems typically
use magnetic fields and impedance sensing to respec-
tively navigate the interventional device and to perform
cardiac mapping.

[0003] A drawback of some cardiac navigation sys-
tems is their limited ability to visualize cardiac tissue, par-
ticularly the cardiac wall. The known systems typically
create a virtual 3D model of the targeted anatomy in
which the tracked ablation catheter is graphically visual-
ized. The lack of visualization of the anatomy is often
compensated-for by using additional X-ray, typically
fluoroscopic, imaging to verify the catheter’'s location.
The poor visualization of soft tissue under X-ray typically
requires the physician to undergo extensive training in
order to be able to correctly determine the catheter po-
sition in the fluoroscopic image. In order improve the vis-
ualization of cardiac tissue, ultrasound imaging systems
such as 2D intra cardiac echography, ICE, are increas-
ingly being used in these procedures. However it can still
be difficult to follow the treatment catheter’'s movements
in the ultrasound image.

[0004] US patent 8,303,505 B2 describes an appara-
tus for image guidance and documentation of medical
procedures. One embodiment includes combining small
field of view images into a recorded image of with a large
field of view and aligning the small field of view real time
image with the recorded image through correlation of im-
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aging data. A location and orientation determination sys-
tem may be used to track the imaging system and provide
a starting set of image alignment parameters and/or pro-
vide change updates to a set of image alignment param-
eters, which is then further improved through correlating
imaging data. The recorded image may be selected ac-
cording to real time measurement of a cardiac parameter
during an image guided cardiac procedure.

[0005] Howeveraneed exists forimproved anatomical
visualization during cardiac, and other interventional
medical procedures. There is also a need to reduce the
X-ray imaging dose to a patient during such procedures.

SUMMARY OF THE INVENTION

[0006] The invention seeks to improve anatomical vis-
ualization during medical procedures. The invention also
seeks to reduce the X-ray imaging dose to a patient dur-
ing such procedures. Further advantages from the de-
scribed invention will be apparent to the skilled person.
Thereto an ultrasound visualization system for tracking
a position of an interventional device based on a stream
of live ultrasound images of an ultrasound imaging probe,
is provided. The ultrasound visualization system com-
prises at least one processor configured to: i) receive the
stream of live ultrasound images; ii) extract from the
stream of live ultrasound images a reference image com-
prising reference image data, the reference image includ-
ing an anatomical feature; iii) extract from the stream of
live ultrasound images a current image comprising cur-
rent image data, the current image being later in time to
the reference image and including at least a portion of
the anatomical feature and including at least a portion of
the interventional device at a current position; iv) match
the at least a portion of the anatomical feature in the
current image with the anatomical feature in the refer-
ence image to determine a spatial relationship between
the current position of the interventional device and the
anatomical feature in the reference image; and v) indi-
cate, in the reference image, the current position of the
interventional device, based on the determined spatial
relationship.

[0007] The use of ultrasound imaging in the system
improves the visualization of soft tissue. Moreover, since
the reference image, or "map", is generated from the
stream of live ultrasound images, a benefit of the ultra-
sound visualization system in relation to known tracking
systems that generate an anatomical map in a pre-pro-
cedural imaging stage includes the obviation of the need
to perform two separate medical procedures. Also, since
the map is generated from the live ultrasound image
stream, itis more up-to-date than a map that is generated
a pre-procedural imaging stage. Moreover, the extracted
reference image is inherently static, and so any move-
ment of the ultrasound probe after the generation of this
"map" is not translated into a movement of the map. This,
in combination with indicating the live position of the in-
terventional device in the static map, allows a user of the
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system to more easily direct the interventional device to
an anatomical feature in the map. Also, the X-ray dose
to a patient during such a procedure may also be re-
duced, or even not required, because the ultrasound ref-
erence image provides sufficient positioning information
of the interventional device in relation to the anatomical
feature.

[0008] According to one aspect the field of view of the
reference image is extended. In this aspect the reference
image corresponds to a first field of view, and the current
image corresponds to a second field of view that has as
an overlapping portion that overlaps with the first field of
view and a non-overlapping portion that does not overlap
with the first field of view. The at least one processor is
further configured to extend the field of view of the refer-
ence image by: i) matching the at least a portion of the
anatomical feature in the current image with the anatom-
ical feature in the reference image to establish a spatial
relationship between the non-overlapping portion of the
second field of view and the first field of view; and ii)
adapting the reference image to include at least a portion
of the non-overlapping portion of the second field of view
based on the established spatial relationship. The ex-
tended field of view of the reference image therefore in-
cludes more anatomical information. During the medical
procedure, movements of the ultrasound transducer, for
example from heart contractions or from patient breath-
ing, cause changes in the field of view of the current im-
age as compared to that of the reference image. In this
aspect the non-overlapping field of view, is used to extend
the map. Improved navigation of the interventional device
is provided through the ability to track the interventional
device over a larger anatomical region. Moreover, the
ability to generate such an extended map from the live
images means that a more extensive up-to-date map can
be generated during a medical procedure. This provides
improved guidance because the interventional device
can be more accurately guided to a treatment site.
[0009] According to another aspect the at least one
processor is further configured to: i) receive from the in-
terventional device a trigger signal indicative of an acti-
vation of the interventional device; and to ii) provide a
marker in the reference image corresponding to the po-
sition of the interventional device at the time at which the
interventional device was activated. In so doing, the ref-
erence image, i.e. the map, may be used to record ana-
tomical sites where a medical intervention such as the
delivery of a therapeutic treatment or the removal of tis-
sue or a measurement of tissue properties has taken
place within the anatomy. In one example this aspect
may be used to record ablation positions of an ablation
catheter that serves as the interventional device. Again,
since the map is static, improved navigation is provided
by a user’s ability to more clearly see anatomical regions
where an ablation has taken place.

[0010] According to another aspect the at least one
processor is further configured to: i) receive, from a po-
sitioning system comprising at least one position sensor
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disposed on the interventional device, and at least one
position sensor disposed on the ultrasound imaging
probe, position data corresponding to a current position
of the position sensor disposed on the interventional de-
vice respective the ultrasound imaging probe; and to ii)
indicate, in the reference image, the current position of
the interventional device, based further on the current
position of the position sensor disposed on the interven-
tional device respective the ultrasound imaging probe.
This aspect may be useful in more accurately positioning
the interventional device in the reference image, partic-
ularly when the interventional device is located toward
the edge of the field of view of the ultrasound imaging
probe and where image resolution may be degraded.
[0011] Further aspects of the invention are described
with reference to the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 illustrates an arrangement 110 that includes
an ultrasound visualization system 111.

Fig. 2 illustrates an exemplary application in which
ultrasound visualization system 111 is used to image
a pulmonary vein ostium 222.

Fig. 3 illustrates an arrangement 310 that includes
an ultrasound visualization system 111 wherein the
field of view of reference image 118 is extended.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] Inordertoillustrate the principles of the present
invention an ultrasound visualization system is described
with particular reference to a cardiac ablation procedure
in which an ICE imaging probe serves as the ultrasound
imaging probe, and in which an ablation catheter serves
as the interventional device. It is however to be appreci-
ated that the invention also finds application in the wider
ultrasound imaging field. The ultrasound imaging probe
may alternatively be for example a TEE imaging probe,
and the interventional device may for example be a cath-
eter, an ablation catheter, an ablation support catheter,
a biopsy device, a guidewire, a filter device, a balloon
device, a stent, a mitral clip, a left atrial appendage clo-
sure device, an aortic valve, a pacemaker lead, an intra-
venous line, or a surgical tool.

[0014] Fig. 1 illustrates an arrangement 110 that in-
cludes an ultrasound visualization system 111. Arrange-
ment 110 may be used to track a position of interventional
device 112, such as an ablation catheter, based on a
stream of live ultrasound images 113 that are provided
by an ultrasound imaging probe 114 that is exemplified
by an ICE imaging probe having a field of view FOV.
Arrangement 110 in Fig. 1 is illustrated as including ul-
trasound imaging probe console 115 which is configured
to receive data from ultrasound imaging probe 114 and
to convert said data into a stream of live ultrasound im-
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ages 113 that are transmitted to ultrasound visualization
system 111. Ultrasound imaging probe console 115 may
include one or more processors configured to provide
this functionality. Ultrasound imaging probe 114 is illus-
trated as being connected to ultrasound imaging probe
console 115, and ultrasound imaging probe console 115
is illustrated as being connected to ultrasound visualiza-
tion system 111, by means of wired interconnections.
However, wireless connections for one or more of these
connections are also contemplated. Moreover, it is also
contemplated that some or all of the functionality of ul-
trasound imaging probe console 115 may be included in
the ultrasound imaging probe 114 or in ultrasound visu-
alization system 111.

[0015] Ultrasound visualization system 111 includes
at least one processor 117. As described above, the at
least one processor may perform some or all of the
processing described in relation to the ultrasound imag-
ing probe console 115. Ultrasound visualization system
111includes atleast one processor 117 thatis configured
to: i) receive the stream of live ultrasound images 113;
ii) extract from the stream of live ultrasound images 113
areference image 118 comprising reference image data,
the reference image including an anatomical feature 119;
iii) extract from the stream of live ultrasound images 113
a current image 120 comprising current image data, the
current image 120 being later in time to the reference
image 118 and including at least a portion of the anatom-
ical feature 119 and including at least a portion of the
interventional device 112 at a current position 121; iv)
match the at least a portion of the anatomical feature in
the currentimage 120 with the anatomical feature in the
reference image 118 to determine a spatial relationship
between the current position of the interventional device
and the anatomical feature in the reference image 118;
andtov)indicate, in the reference image 118, the current
position 121 of the interventional device 112, based on
the determined spatial relationship. In so doing the cur-
rent, i.e. live, position of the interventional device is pro-
vided in the reference image.

[0016] Stream of live ultrasound images 113 may be
either 2D or 3D ultrasound images. In a particular exam-
ple the images are 3D ultrasound images from an ICE
imaging probe. Interventional device 112 may in general
be any interventional device. In a particular example, in-
terventional device 112 is an ablation catheter. Anatom-
ical feature 119 in reference image 118 may be any an-
atomical feature that is discernible in an ultrasound im-
age. In the specific example of cardiac ablation it may
for example correspond to part of a pulmonary vein os-
tium. Currentimage 120 may be in general be any image
from the stream of live ultrasound images 113 that is later
in time to the reference image. Owing to the live nature
of the stream, current image 120 is continually replaced
in time by the latest image. Optionally, reference image
218 may be periodically updated. It may be useful to gen-
erate a more up-to-date reference image that reflects re-
cent anatomical changes, or for example when the ultra-
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sound probe is moved to a new position of the interven-
tional device within the anatomy.

[0017] Inoneimplementationthe step of extracting cur-
rentimage 120 from the stream of live ultrasound images
113, may include determining the current position of the
interventional device by performing an edge detection
method on the currentimage data to determine an outline
of the interventional device. Suitable known edge detec-
tion methods include frequency domain filtering and Fou-
rier transformations.

[0018] The step of matching the at least a portion of
the anatomical feature in the current image 120 with the
anatomical feature in the reference image 118 to deter-
mine a spatial relationship may be performed by one of
many known image processing algorithms. Scale-invar-
iant feature transform, SIFT, is one suitable example.
Rigid or non-rigid image transforms known from the med-
ical image processing field may also be used. The cor-
relation technique described in US patent 5,655,535, or
the real-time image alignment procedure described in
US patent 8,303,505 may alternatively be used. The spa-
tial relationship may be in 2D image space or in 3D image
space and may for example be a translation or a rotation
or a combination of a rotation and a translation. The spa-
tial relationship may for example be represented as a
vector in Cartesian or polar coordinates.

[0019] The step of indicating, in the reference image
118, the current position 121 of the interventional device
112, may include for example positioning a marker such
as a cross, a circle or other shape, a point, an outline of
the interventional device, or locally changing the color,
saturation, or hue of a pixel in the reference image.
[0020] Fig. 2 illustrates an exemplary application in
which ultrasound visualization system 111 is used to im-
age a pulmonary vein ostium 222. In Fig. 2a, 3D ICE
catheter serving as ultrasound imaging probe 214 is ar-
ranged within the heart to view pulmonary vein ostium
222. Interventional device 212, such as a cardiac ablation
catheter, is also disposed within the field of view FOV of
3D ICE catheter 214. InFig. 2b a live stream of ultrasound
images 213 of pulmonary vein ostium 222 is illustrated.
Reference image 218 is extracted from live stream 213
and includes pulmonary vein ostium 222. Thereafter, ref-
erence image 218 serves as a map in which the current,
i.e. the most recent, position of the 3D ICE catheter is
indicated. The current ultrasound image 220 from live
stream 213 includes interventional device 212 at current
position 221. Current position 221 of interventional de-
vice 212 is subsequently indicated in reference image
218 in the form of exemplary cross 221.

[0021] Optionally, reference image 218 in Fig. 2b may
be periodically updated. It may be useful to generate a
more up-to-date reference image that reflects recent an-
atomical changes, or for example when the ultrasound
probe is moved to a new position within the anatomy.
[0022] In one embodiment illustrated in Fig. 2c, inter-
ventional device 212 may be capable of being activated,
and a marker may be inserted in reference image 218 at
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the activation position each time a trigger signal corre-
sponding to the activation is received by the ultrasound
visualization system. The marker may be displayed for
a time period after the activation in order to provide a
record of the activation positions. Continuing with the ex-
ample in which the interventional device is an ablation
catheter, the marker positions, and therefore the trigger
signals may correspond to positions at which ablation
energy is delivered by the ablation catheter. Thereto, in
Fig. 2c the evolution of reference image 218 is illustrated
in the case when an ablation catheter serving as inter-
ventional device 212 at current positions 221 in pulmo-
nary vein ostium 222 is activated multiple times. Each
time interventional device 212 is activated, a marker
223, , is provided in reference image 218. Marker 223
is illustrated as an exemplary circle and may in general
indicate the positions of activation of other interventional
devices described herein, such as the activation position
of a biopsy device, image positions of a second imaging
catheter, tissue measurement positions, the deployment
position of a stent activator, and so forth. Other marker
shapes may alternatively be used for marker 223.
[0023] In operation the functionality described with ref-
erenceto Fig. 2 may be provided by the system processor
described with reference to Fig. 1. Thereto, the processor
of Fig. 1 may additionally be configured to: i) receive from
the interventional device a trigger signal indicative of an
activation of the interventional device; and to ii) provide
a marker in the reference image corresponding to the
position of the interventional device at the time at which
the interventional device was activated.

[0024] In one embodimentthatis described with refer-
ence to Fig. 3, the field of view of reference image 118
may optionally be extended. Fig. 3 illustrates an arrange-
ment 310 that includes an ultrasound visualization sys-
tem 311 wherein the field of view of reference image 118
is extended. In Fig. 3 reference image 118 corresponds
to first field of view 331, and current image 120 corre-
sponds to second field of view 332. Second field of view
332 has an overlapping portion 332a that overlaps with
the first field of view 331 and a non-overlapping portion
332b that does not overlap with the first field of view 331.
In addition to the functionality described in relation to Fig.
1, processor 117 in Fig. 3 is further configured to extend
the field of view of reference image 118 by: i) matching
the at least a portion of the anatomical feature 119 in
currentimage 120 with the anatomical feature 119 in ref-
erence image 118 to establish a spatial relationship be-
tween the non-overlapping portion of the second field of
view 332b and the first field of view 331; and ii) adapting
reference image 118 to include at least a portion of the
non-overlapping portion of the second field of view 332b
based on the established spatial relationship.

[0025] In Fig. 3 a 2D ultrasound imaging probe 114 is
illustrated, however the principles of this embodiment ap-
ply equally to a 3D ultrasound imaging probe. Two fields
of view 331, 332, are illustrated in Fig. 3. Reference im-
age 118 corresponds to first field of view 331 and current
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image 120 corresponds to second field of view 332. In
Fig. 3, different fields of view 331, 332 are provided by a
relative movement between the ultrasound imaging
probe and the anatomy. Such a relative movement may
be inherent in any medical imaging procedure and
caused for example by natural movements of the anat-
omy, such as contractions of the heart or breathing, or
alternatively by a user moving ultrasound imaging probe
114. Different fields of view 331, 332 may also be pro-
vided by scanning the field of view of the ultrasound im-
aging probe. Known beamforming techniques may be
used to provide such scanning and may involve adjusting
the relative delays between the ultrasound beams trans-
mitted and/or received by ultrasound imaging probe 114.
In either situation, second field of view 332 has as an
overlapping portion 332a that overlaps with the first field
of view 331 and a non-overlapping portion 332b that does
not overlap with the first field of view 331.

[0026] The same matching procedures as described
above in relation to Fig. 1 may be used to establish a
spatial relationship between the non-overlapping portion
of the second field of view 332b and the first field of view
331. Particular emphasis may be made on the matching
procedure at the boundary between the non-overlapping
portion of the second field of view 332b and the first field
of view 331 in order to provide a seamless transition be-
tween the two regions.

[0027] The step of adapting the reference image 118
may include using part or all of the image data from the
non-overlapping portion of the second field of view 332b
to update the reference image, thereby extending it. The
adaptation therefore results in an effective field of view
that is less than or equal to the combination of fields of
views 331, 332 in Fig. 3. Advantageously the extended
reference image provides a larger region within which
the interventional device can be tracked.

[0028] Optionally, in the embodiment of Fig. 3 the step
of adapting the reference image may further include us-
ing currentimage data from at least a portion of the over-
lapping portion of the second field of view 332a to update
a corresponding portion of the reference image 118. In
other words the reference image may be updated in spe-
cific regions in order to reflect recent changes in the anat-
omy since reference image 118 was extracted from the
stream of live ultrasound images. This may be useful for
example during an ablation procedure in order to visually
determine the extent of an ablation procedure. The up-
dating may for example include averaging the current
image data and the reference image data at correspond-
ing positions within the overlapping portion of the second
field of view 332a. This averaging may also act so de-
noise the reference image, i.e. to improve image quality.
Alternatively the reference image data may be entirely
replaced by the current image at corresponding posi-
tions, or the reference image may be overlaid by the cur-
rent image at corresponding positions.

[0029] In another embodiment, either of the systems
described with reference to Fig. 1 or Fig. 3 may be aug-
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mented by an additional positioning system that provides
position data corresponding to a current position of the
position sensor disposed on the interventional device re-
spective the ultrasound imaging probe. This additional
position data may be used to improve the positioning
accuracy of the system, for example when the interven-
tional device is located in low signal-to-noise ratio region
of the current image in the stream of live ultrasound im-
age. The additional positioning system may for example
be an ultrasound-based positioning system such as that
described in document WO 2011/138698A1 and in the
publication "A New Sensor Technology for 2D Ultra-
sound-Guided Needle Tracking", Huanxiang Lu et al,
MICCAI 2014, Part Il, LNCS 8674, pp. 389-396, 2014,
or a fiberoptic shape-sensing-based positioning system
such as that described in US patent 8,050,523 B2, or a
magnetic-based positioning system, or an electromag-
netic-based positioning system such as that described
in US patent 6,233,476 B1. Such positioning systems
conventionally employ a position sensor on the interven-
tional device. Thereto, processor 117 of Fig. 1 or Fig. 2
may additionally be configured to: i) receive, from a po-
sitioning system comprising at least one position sensor
disposed on the interventional device, and at least one
position sensor disposed on the ultrasound imaging
probe, position data corresponding to a current position
of the position sensor disposed on the interventional de-
vice respective the ultrasound imaging probe; and to ii)
indicate, in the reference image, the current position of
the interventional device, based further on the current
position of the position sensor disposed on the interven-
tional device respective the ultrasound imaging probe.

[0030] One or more of the method steps disclosed
herein, particularly those describedin relation to the proc-
essor of ultrasound visualization system 111, 211 may
be recorded in the form of instructions which when exe-
cuted on a processor cause the processor to carry out
such method steps. The computer program product may
be provided by dedicated hardware as well as hardware
capable of executing software in association with appro-
priate software. When provided by a processor, the func-
tions can be provided by a single dedicated processor,
by a single shared processor, or by a plurality of individual
processors, some of which can be shared. Moreover,
explicit use of the term "processor" or "controller" should
not be construed to refer exclusively to hardware capable
of executing software, and can implicitly include, without
limitation, digital signal processor "DSP" hardware, read
only memory "ROM" for storing software, random access
memory "RAM", non-volatile storage, etc. Furthermore,
embodiments of the present invention can take the form
of a computer program product accessible from a com-
puter-usable or computer-readable storage medium pro-
viding program code for use by or in connection with a
computer or any instruction execution system. For the
purposes of this description, a computer-usable or com-
puter readable storage medium can be any apparatus
that may include, store, communicate, propagate, or
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transport the program for use by or in connection with
the instruction execution system, apparatus, or device.
The medium can be an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, or
apparatus or device, ora propagation medium. Examples
of acomputer-readable medium include a semiconductor
or solid state memory, magnetic tape, a removable com-
puter diskette, a random access memory "RAM", a read-
only memory "ROM", a rigid magnetic disk and an optical
disk. Current examples of optical disks include compact
disk - read only memory "CD-ROM", compact disk -
read/write "CD-R/W", Blu-Ray™ and DVD.

[0031] Insummary, an ultrasound visualization system
has been described that tracks a position of an interven-
tional device. The system includes a processor that i)
receives a stream of live ultrasound images; ii) extracts
from the stream of live ultrasound images a reference
image comprising reference image data, the reference
image including an anatomical feature; iii) extracts from
the stream of live ultrasound images a current image
comprising current image data, the current image being
later in time to the reference image and including at least
a portion of the anatomical feature and including at least
aportion of the interventional device at a current position;
iv) matches the atleast a portion of the anatomical feature
in the current image with the anatomical feature in the
reference image to determine a spatial relationship be-
tween the current position of the interventional device
and the anatomical feature in the reference image; and
v) indicates, in the reference image, the current position
of the interventional device, based on the determined
spatial relationship.

Claims

1. Ultrasound visualization system (111, 311) for track-
ing a position of an interventional device (112) based
on a stream of live ultrasound images (113) of an
ultrasound imaging probe (114), the ultrasound vis-
ualization system (111) comprising atleastone proc-
essor (117) configured to:

receive the stream of live ultrasound images
(113);

extractfromthe stream of live ultrasound images
(113) areference image (118) comprising refer-
ence image data, the reference image including
an anatomical feature (119);

extractfromthe stream of live ultrasound images
(113) a current image (120) comprising current
image data, the current image (120) being later
in time to the reference image (118) and includ-
ing at least a portion of the anatomical feature
(119) and including at least a portion of the in-
terventional device (112) at a current position
(121);

match the at least a portion of the anatomical
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feature in the current image (120) with the ana-
tomical feature in the reference image (118) to
determine a spatial relationship between the
current position of the interventional device and
the anatomical feature in the reference image
(118); and to

indicate, in the reference image (118), the cur-
rent position (121) of the interventional device
(112), based on the determined spatial relation-
ship.

The ultrasound visualization system (311) according
to claim 1 wherein the reference image (118) corre-
sponds to a first field of view (331), and wherein the
current image (120) corresponds to a second field
of view (332) that has as an overlapping portion
(332a) that overlaps with the first field of view (331)
and a non-overlapping portion (332b) that does not
overlap with the first field of view (331); and wherein
the at least one processor (117) is further configured
to extend the field of view of the reference image
(118) by:

matching the atleast a portion of the anatomical
feature in the current image (120) with the ana-
tomical feature in the reference image (118) to
establish a spatial relationship between the non-
overlapping portion of the second field of view
(332b) and the first field of view (331); and
adapting the reference image (118) to include
at least a portion of the non-overlapping portion
of the second field of view (332b) based on the
established spatial relationship.

The ultrasound visualization system according to
claim 2 wherein adapting the reference image further
comprises using current image data from at least a
portion of the overlapping portion of the second field
of view (332a) to update a corresponding portion of
the reference image (118).

The ultrasound visualization system according to
claim 3 wherein updating the corresponding portion
of the reference image further comprises averaging
the currentimage data and the reference image data
at corresponding positions within the overlapping
portion of the second field of view (332a).

The ultrasound visualization system according to
claim 1 wherein extracting the current image (120)
from the stream of live ultrasound images (113) fur-
ther comprises determining the current position
(121) of the interventional device by performing an
edge detection method on the current image data to
determine an outline of the interventional device
(112).

The ultrasound visualization system according to
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10.

1.

12.

claim 1 or claim 2 further comprising the ultrasound
imaging probe (114) and/ or the interventional device
(112).

The ultrasound visualization system according to
claim 6 wherein the ultrasound imaging probe (114)
is an intra cardiac echography, ICE, imaging probe
or a trans esophageal, TEE, imaging probe.

The ultrasound visualization system according to
claim 6 wherein the interventional device (112) is an
ablation catheter, an ablation support catheter, or a
biopsy device.

The ultrasound visualization system according to
claim 1 wherein the at least one processor (117) is
further configured to:

receive from the interventional device (112) a
trigger signal indicative of an activation of the
interventional device; and to

provide a marker (223) in the reference image
(218) corresponding to the position of the inter-
ventional device (112) at the time at which the
interventional device was activated.

The ultrasound visualization system according to
claim 9 wherein the interventional device is an abla-
tion catheter and wherein the trigger signal is indic-
ative of the delivery of ablation energy by the ablation
catheter.

The ultrasound visualization system according to
any one of claims 1 - 10 wherein the at least one
processor (117) is further configured to:

receive, from a positioning system comprising
at least one position sensor disposed on the in-
terventional device (112), and at least one po-
sition sensor disposed on the ultrasound imag-
ing probe (114), position data corresponding to
a current position of the position sensor dis-
posed on the interventional device (112) respec-
tive the ultrasound imaging probe (114); and to
indicate, in the reference image (118), the cur-
rent position (121) of the interventional device,
based further on the current position of the po-
sition sensor disposed on the interventional de-
vice (112) respective the ultrasound imaging
probe (114).

The ultrasound visualization system according to
claim 11 wherein the positioning system is one of:
an ultrasound-based positioning system, a fiberoptic
shape-sensing-based positioning system, a mag-
netic-based positioning system, or an electromag-
netic-based positioning system.
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13. The ultrasound visualization system according to
claim 11 further comprising the positioning system.

14. Computer program product comprising instructions
which, when executed on a processor (117) of an 5
ultrasound visualization system (111, 311) for track-
ing a position of an interventional device (112) based
on a stream of live ultrasound images (113) of an
ultrasound imaging probe (114), cause the proces-
sor (117) to carry out the method steps of: 10

receiving the stream of live ultrasound images
(113);

extracting from the stream of live ultrasound im-
ages a reference image (118) comprising refer- 15
ence image data, the reference image (118) in-
cluding an anatomical feature (119);

extracting from the stream of live ultrasound im-
ages (113) a current image (120) comprising
current image data, the currentimage (120) be- 20
ing laterin time to the reference image (118) and
including at least a portion of the anatomical fea-

ture (119) and including at least a portion of the
interventional device (112) at a current position
(121); 25
matching the atleast a portion of the anatomical
feature (119) in the currentimage (120) with the
anatomical feature (119) in the reference image
(118) to determine a spatial relationship be-
tween the current position of the interventional 30
device (112) and the anatomical feature in the
reference image (118); and

indicating, in the reference image (118), the cur-

rent position (121) of the interventional device
(112), based on the determined spatial relation- 35
ship.
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