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(57) Abstract: The invention relates to an ultrasound data visualization apparatus for visualizing ultrasound data, in particular, dur-
ing a cardiac ablation procedure. An M-mode ultrasound image of an object (23) being preferentially a heart of a person or a feature
image of the object comprising features derived from the M-mode ultrasound image and a repetitive signal like an electrocardio -
graphy signal being indicative of a repetitive cycle in the image are provided. An image frames determination unit (13) determines
image frames by temporally segmenting the provided image into image frames corresponding to ditferent repetitive cycles based on
the repetitive signal, wherein a display (24) displays the image frames temporally consecutively. Since the display shows these image
frames temporally consecutively, a movie-like displaying of the ultrasound data is provided, which allows for a better observation of
details and changes of the object, especially of changes in cardiac tissue during an ablation procedure.
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Ultrasound data visualization apparatus

FIELD OF THE INVENTION

The invention relates to an ultrasound data visualization apparatus, an
ultrasound data visualization method and a computer program for visualizing ultrasound data.
The invention relates further to an energy application apparatus comprising the ultrasound

data visualization apparatus.

BACKGROUND OF THE INVENTION

US 2010/0185088 A1 discloses an ultrasound system comprising a memory
configured to store ultrasound data including a movement cycle of an object of interest,
wherein the ultrasound data are associated with ultrasound beams. The ultrasound system
further comprises a processor configured to determine a partial M-mode image based on a
line defined within the ultrasound data that is distinct from the ultrasound beams, wherein the
processor is further configured to replicate the partial M-mode image at least once to form an
M-mode image. The formed M-mode image is finally shown on a display. However, based
on the formed M-mode image it is still very difficult to observe and trace details and changes

within the movement cycle.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an ultrasound data
visualization apparatus, ultrasound data visualization method and computer program for
visualizing ultrasound data, which allow for a better observation of details and changes of a
moving object. It is a further object of the present invention to provide an energy application
apparatus for applying energy to the object, wherein the application of energy can be better
controlled based on the visualized ultrasound data.

In a first aspect of the present invention an ultrasound data visualization
apparatus for visualizing ultrasound data is presented, wherein the ultrasound data

visualization apparatus comprises:
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- an image providing unit for providing an image of an object being an M-mode
ultrasound image of the object or a feature image of the object comprising features derived
from the M-mode ultrasound image,

- a repetitive signal providing unit for providing a repetitive signal being
indicative of a repetitive cycle in the image,

- an image frames determination unit for determining image frames by
temporally segmenting the provided image into image frames corresponding to different
repetitive cycles based on the repetitive signal,

- a display for displaying the image frames temporally consecutively.

Since the image frames are determined by temporally segmenting the provided
image into image frames corresponding to different repetitive cycles based on the repetitive
signal and since the display shows these image frames temporally consecutively, a movie-
like displaying of the ultrasound data is provided, which allows for a better observation of
details and changes of the object.

The M-mode ultrasound image is preferentially a two-dimensional image
consisting of adjacent A lines, wherein to two coordinates of the M-mode ultrasound image
an ultrasound image value is assigned and wherein the two coordinates are indicative of the
time and the depth within the object, respectively.

It is preferred that the object is a heart of a living being and the repetitive
signal is indicative of a cardiac cycle of the living being. It is further preferred that the
repetitive signal is an electrocardiography signal. This allows for an easy observation of
details and changes within, for instance, a wall of a heart, especially during an ablation
procedure. The repetitive signal providing unit can also be adapted to determine the repetitive
signal from the provided image.

In a preferred embodiment, the image frames determination unit is adapted to
determine the image frames such that an image frame corresponds to a complete repetitive
cycle. Preferentially, each image frame corresponds to a complete cardiac cycle. This allows
observing details and changes, which may occur at any temporal position within the
repetitive cycle, in particular, within the cardiac cycle.

The image frames determination unit can also be adapted to determine the
image frames such that an image frame corresponds to a part of the repetitive cycle, i.e. to a
predefined interval of the repetitive cycle, which may be determined by the image {rames
determination unit based on the provided repetitive signal. In an embodiment, the image

frames can correspond to a specific interval of a cardiac cycle like the Q-R or the Q-T
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interval. This allows highlighting only a specific part of the repetitive cycle that may be of
interest for a certain application. The interval within the repetitive cycle like the Q-R or the
Q-T interval can be predefined by, for instance, a user by using an input unit like a keyboard,
a mouse, a touch screen, et cetera.

It is further preferred that the image frames determination unit is adapted to
determine the image frames such that the image frames correspond to temporally adjacent
repetitive cycles. This leads to the maximally achievable frequency of showing the images,
thereby providing a high quality movie-like appearance.

Since the temporal length of the repetitive cycle may vary, the image {rames
determination unit can be adapted to amend the image frames such that the image frames
have the same temporal length. For instance, the image frames determination unit can be
adapted to perform at least one of a scaling procedure and a cropping procedure, i.e. a scaling
procedure and/or a cropping procedure, for amending the image frames such that they have
the same temporal length. The scaling can be, for instance, a linear or non-linear scaling of
each repetitive cycle to ensure that all image frames have the same temporal size. The
cropping procedure can be performed by taking for each image frame a fixed temporal
interval starting from a trigger signal defined by the repetitive signal. For instance, if the
repetitive signal is a cardiac signal, it can be triggered on the QRS complex, wherein starting
from the QRS complex a fixed interval of, for instance, 200 ms can be used for the respective
image frames, wherein the rest of the respective cardiac cycle may be discarded. This allows
providing a high quality movie showing the object for observing details and changes, even if
the repetitive cycle varies.

The image providing unit may be adapted to provide a motion map derived
from the M-mode ultrasound image as the image to be segmented, i.e. a feature image being
the motion map can be provided as the image to be segmented. For deriving the motion map
known techniques like techniques, which are based on cross correlation that are widely used
for strain imaging or techniques which are based on optical flow or block matching can be
used.

The display can be adapted to display the image frames temporally
consecutively overlaid over a reference image frame. For instance, if the ultrasound data
visualization apparatus is used for monitoring a cardiac ablation procedure, the reference
image frame can be an image frame, which has been taken before the ablation procedure has
been started. The new image frames, which are overlaid with the reference image frame, can

then be image frames taken during the ablation procedure, in order to visualize pre-ablation
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image data and realtime image data at the same time. The overlay can be provided with, for
instance, 50 percent transparency.

The image frames determination unit can also be adapted to subtract the image
frames from a reference image frame for generating subtraction image frames and to provide
the subtraction image frames to the display as the image frames to be consecutively
displayed. This allows emphasizing changes between the object at a time, at which the
reference image frame has been taken, and the object at a time, at which a current image
frame is taken. For instance, the reference image frame can be an image frame, which has
been taken before an ablation procedure has been started, wherein this reference image frame
can be subtracted from an actual image frame taken during an ablation procedure, in order to
emphasize changes caused by the ablation procedure. Also in this embodiment the display
can be adapted to display the image frames, which in this embodiment are subtraction image
frames, temporally consecutively overlaid over the reference image frame.

In a further aspect of the present invention an energy application apparatus for
applying energy to an object is presented, wherein the energy application apparatus
comprises:

- an energy application device for applying energy to the object,

- an ultrasound imaging device for generating an M-mode ultrasound image of
the object ,

- an ultrasound data visualization apparatus as defined in claim 1.

In a further aspect of the present invention an ultrasound data visualization
method for visualizing ultrasound data is presented, wherein the ultrasound data visualization
method comprises:
- providing an image of an object being an M-mode ultrasound image of the
object or a feature image of the object comprising features derived from the M-mode
ultrasound image by an image providing unit,
- providing a repetitive signal being indicative of a repetitive cycle in the image
by a repetitive signal providing unit,
- determining image frames by temporally segmenting the provided image into
image frames corresponding to different repetitive cycles based on the repetitive signal by an
image frames determination unit,
- displaying the image frames temporally consecutively by a display.

In a further aspect of the present invention a computer program for visualizing

ultrasound data is presented, wherein the computer program comprises program code means
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for causing an ultrasound data visualization apparatus as defined in claim 1 to carry out the
steps of the visualization method as defined in claim 12, when the computer program is run
on a computer controlling the visualization apparatus.

It shall be understood that the ultrasound data visualization apparatus of claim
1, the energy application apparatus of claim 12, the ultrasound data visualization method of
claim 13 and the computer program of claim 14 have similar and/or identical preferred
embodiments, in particular, as defined in the dependent claims.

It shall be understood that a preferred embodiment of the invention can also be
any combination of the dependent claims with the respective independent claim.

These and other aspects of the invention will be apparent from and elucidated

with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Fig. 1 shows schematically and exemplarily an embodiment of an energy
application apparatus for applying energy to an object,

Fig. 2 shows schematically and exemplarily a tip of a catheter of the energy
application apparatus,

Fig. 3 shows exemplarily an M-mode ultrasound image,

Fig. 4 illustrates a sequence of image frames derived from an M-mode
ultrasound image,

Figs. 5 to 8 exemplarily show image frames derived from an M-mode
ultrasound image,

Fig. 9 shows image frames derived from a motion map,

Fig. 10 shows schematically and exemplarily an embodiment of an ultrasound
data visualization apparatus for visualizing ultrasound data, and

Fig. 11 shows a flowchart exemplarily illustrating an embodiment of an

ultrasound data visualization method for visualizing ultrasound data.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows schematically and exemplarily an embodiment of an energy
application apparatus 1 for applying energy to an object. In this embodiment the energy
application apparatus 1 is an ablation apparatus for ablating cardiac tissue of a heart wall. The

ablation apparatus 1 comprises an ablation catheter 14 for being introduced into a heart 23 of
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a person 7 located on a support unit 8 like a patient table. The tip 15 of the ablation catheter
14 is schematically and exemplarily shown in more detail in Fig. 2.

The catheter tip 15 comprises an ablation electrode 16 being, in this
embodiment, a cap electrode. The ablation electrode 16 is electrically connected with an
ablation energy source 9 like a radio frequency energy source via an electrical connection 19
which is preferentially an electrical wire. The ablation electrode 16, the ablation energy
source 9 and the electrical connection 19 can be regarded as being an energy application
device for applying energy to the heart 23.

In the ablation electrode 16 irrigation openings 18 are provided for allowing
irrigation fluid flowing within the ablation catheter 14 to leave the catheter tip 15. The
irrigation fluid, which is preferentially a cooling fluid, is provided by an irrigation fluid
source 10.

The catheter tip 15 further comprises an ultrasound transducer 17 located at a
further opening within the ablation electrode 16 for sending ultrasound signals into cardiac
tissue of the wall of the heart 23 and for receiving ultrasound signals from the cardiac tissue.
The ultrasound transducer 17 is connected to an ultrasound control unit 11 via an electrical
connection 20. The ultrasound control unit 11 is adapted such that M-mode ultrasound
images of the cardiac tissue are generated. The ultrasound control unit 11, the ultrasound
transducer 17 and the electrical connection 20 can therefore be regarded as being an
ultrasound imaging device for generating an M-mode ultrasound image of the cardiac tissue.

The ablation apparatus further comprises an 11 for providing an image of the
cardiac tissue being the M-mode ultrasound image generated by the ultrasound imaging
device 11, 17, 20. In this embodiment the image providing unit 11 is just a receiving unit for
receiving the generated M-mode ultrasound image from the ultrasound imaging device 11,
17, 20 and for providing the received M-mode ultrasound image to an image frames
determination unit 13. However, in another embodiment the image providing unit 11 can also
be adapted to generate a feature image of the cardiac tissue based on the received M-mode
ultrasound image, wherein the feature image can be provided to the image frames
determination unit 13. For instance, the image providing unit 11 can be adapted to generate a
feature image that represents a certain image transformation of the M-mode ultrasound
image. The feature image may be a motion map that is generated from the M-mode
ultrasound image and that shows the amount of axial motion. The motion map can define a
motion field that has the same size than the M-mode ultrasound image, wherein each point in

the two-dimensional motion map indicates the cardiac tissue motion at a time t and at a depth
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d. For generating such a motion map the image providing unit 11 can be adapted to apply
known motion determination techniques to the M-mode ultrasound image like cross-
correlation-based techniques that are widely used for strain imaging or optical-flow-based
techniques or block-matching based techniques.

The ablation apparatus further comprises a repetitive signal providing unit for
providing a repetitive signal being indicative of a repetitive cycle in the image. In this
embodiment, the repetitive signal providing unit is formed by electrocardiography electrodes
21 arranged on the person 7, an electrocardiography control unit 12 and corresponding
electrical connections 22. The repetitive signal providing unit provides therefore, in this
embodiment, an electrocardiography signal as the repetitive signal. In another embodiment
the repetitive signal providing unit can also be adapted to provide the repetitive signal in
another way. For instance, the repetitive signal providing unit 12 can be adapted to determine
the repetitive signal from the M-mode ultrasound image.

Due to cardiac contraction and optionally a possible movement of the ablation
catheter the M-mode ultrasound image exhibits a repetitive pattern. The M-mode ultrasound
image can therefore be used to generate the repetitive signal. For extracting the repetitive
signal from the M-mode ultrasound image the repetitive signal providing unit 12 can be
adapted to perform one or several of the following procedures.

The M-mode ultrasound image can be projected to the time axis such that the
resulting repetitive signal is a one-dimensional signal in time, wherein the value of the
repetitive signal at a certain time is a summation of the signal amplitude of an A line of the
M-mode ultrasound image at the certain time. The resulting one-dimensional repetitive signal
can be processed by, for instance, a peak detection algorithm for deriving a trigger signal.
The summation of the signal amplitude of the respective A line can be performed with
respect to the complete respective A line or only with respect to a segment of the respective
A line.

It is also possible to derive the repetitive signal from the M-mode ultrasound
image by calculating motion cycles using autocorrelation. Temporally consecutive regions of
the M-mode ultrasound image can be defined, wherein these temporally consecutive regions
can be, for instance, rectangular blocks. Each region of the M-mode ultrasound image can
then be compared with a temporally adjacent block by using a matching function, which may
be based on, for instance, the sum of absolute differences in the signal amplitude in
temporally adjacent regions. Due to the repetitive nature of the M-mode ultrasound image the

matching result will also be periodic such that the matching result may be regarded as being a
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repetitive signal. This repetitive signal can be further processed by, for instance, peak
detection for deriving a trigger signal.

The repetitive signal providing unit 12 can also be adapted to apply a motion
analysis procedure like a strain imaging procedure or a tissue Doppler procedure to the M-
mode ultrasound image for deriving a tissue velocity map. Due to the repetitive nature of the
M-mode ultrasound image the derived tissue velocity map will also show a repetitive pattern.
This tissue velocity map can be further processed for generating a one-dimensional repetitive
signal that can be used to determine a trigger signal. The one-dimensional repetitive signal
can be generated by, for instance, taking the maximum or the average velocity at each time.

The image frames determination unit 13 is adapted to determine image frames
by temporally segmenting the provided image into image frames corresponding to different
repetitive cycles based on the repetitive signal. In this embodiment, the provided M-mode
ultrasound image is temporally segmented into image frames corresponding to different
cardiac cycles based on the electrocardiography signal. In the following the temporal
segmentation of the M-mode ultrasound image will be exemplarily described with reference
to Fig. 3.

Fig. 3 shows exemplarily an M-mode ultrasound image 31. In Fig. 3 the
horizontal axis represents the time t and the vertical axis represents the distance D to the
ultrasound transducer 17, which is related to the depth within the cardiac tissue. The lines 30
indicate different cardiac cycles, i.e. the region between two consecutive lines 30 in Fig. 3
corresponds to a cardiac cycle and is determined by the image frames determination unit 13
as being an image frame.

In this example, the image frames determination unit 13 is adapted to
determine a trigger signal from the repetitive signal and to use the trigger signal for
segmenting the M-mode ultrasound image into the image frames. For instance, the image
frames determination unit 13 can be adapted to identify the QRS complex in the
electrocardiography signal and to provide a trigger signal, which indicates the time instances
of the QRS complex as the beginnings of the respective cardiac cycles.

The lines 30 indicate the time instances corresponding to the trigger signal, i.e.
the lines 30 indicate the beginning of the respective cardiac cycle. Based on this trigger signal
the image frames determination unit 13 can subdivide the M-mode ultrasound image into
segments, wherein each segment corresponds to one complete cardiac cycle. Each segment,
1.e. the respective image region between two adjacent lines 30, forms an image frame. The

determined image frames correspond to temporally adjacent cardiac cycles.
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A cardiac cycle is completed, if a next actual trigger signal occurs. Thus, after a new actual
trigger signal has been occurred, the A lines, which are on the left hand side of the new actual
trigger signal, can form an actual image frame.

The heartbeat will very likely not be constant, especially in the case of atrial
fibrillation. For instance, the intervals between the QRS complexes may be varying. The
image frames determination unit 13 is therefore preferentially adapted to amend the image
frames such that the image frames have the same temporal length. For instance, the
electrocardiography signal can be used to trigger on the QRS complex, wherein the image
frames determination unit 13 can be adapted to take a fixed interval of the M-mode
ultrasound image after the QRS complex as the respective image frame and to discard the rest
of the respective cardiac cycle. Thus, the image frames determination unit 13 can be adapted
to perform a cropping procedure for amending the image frames such that they have the same
temporal length. Alternatively, the image frames determination unit 13 can be adapted to
linearly or non-linearly scale each image frame, which corresponds to a cardiac cycle, such
that they all have the same temporal length, i.e. in order to ensure that all of the output frames
have the same size.

The ablation apparatus 1 further comprises a display 24 for displaying the
image frames temporally consecutively. By showing the image frames consecutively over
time, i.e. in a movie-like fashion, even small changes in cardiac motion behavior can be seen,
because the human visual interpretation is very sensitive to local changes in a static
background, i.e. since by using this mode of visualization the image frames from consecutive
cardiac cycles are exactly shown in the same temporal manner and are replaced at each new
heartbeat, details in changes within one heart cycle can be more easily observed and traced.
Thus, a dynamic visualization of cardiac motion cycles based on an M-mode ultrasound
image or a feature image derived from the M-mode ultrasound image can be provided for
ultrasound-based cardiac ablation monitoring.

Fig. 4 shows schematically and exemplarily a sequence of image frames,
which may be generated by the image frames determination unit 13 and which may be shown
temporally consecutively at the same location on the display 24. In this example a first image
frame 32, a 21* image frame 33, a 17" image frame 34 and a 130" image frame 35 are
shown. These image frames are retrieved from an M-mode ultrasound image, which has been
generated during an ablation procedure. As can be seen in this sequence of image frames, the
amount of cardiac motion due to myocardium contraction changes over time during ablation,

wherein this change in myocardium contraction would be difficult to see from an original M-



10

15

20

25

30

WO 2014/057427 PCT/IB2013/059217
10

mode ultrasound image. Thus, showing the image frames temporally consecutively on the
display 24, wherein image segments of the same phase of each cardiac cycle are overlaid,
makes tissue changes more visible. Due to the myocardium contraction and/or catheter
motion only a specific phase from each cardiac cycle may be very informative concerning a
specific aspect, which should be observed, for example, a lesion progression. By displaying
the image frames temporally consecutively, wherein each image frame corresponds to a
cardiac cycle, the changes of the cardiac tissue at this specific phase can be easily observed.

In the following aspects will be illustrated, which can be of interest to an
electrophysiology physician, who may carry out the ablation procedure, and which can be
easily revealed by the described visualization mode.

For instance, the described visualization can be used to monitor a cardiac
motion change as exemplarily illustrated in above Fig. 4 and as exemplarily illustrated in Fig.
5. Fig. 5 shows exemplarily two image frames 36, 37, wherein the image frame 36
corresponds to a cardiac cycle before the ablation procedure has been started and the image
frame 37 corresponds to a cardiac cycle after the ablation procedure has been completed. The
entire sequence of image frames, of which only two image frames are shown in Fig. 5, can be
temporally consecutively shown on the display 24, wherein in the resulting movie a change
in cardiac motion can be clearly observed.

A further aspect, which may be observed by watching the movie on the
display 24, is the differentiation between adjacent structures. This is illustrated in Fig. 6,
which shows two image frames 38, 39 of a sequence of image frames determined from an M-
mode ultrasound image. If the image frames of the complete sequence are temporally
consecutively shown on the display 24, it can be seen that the atrial tissue 44 and the adjacent
lung structure 45 move with different motion frequencies. This can clearly be observed in the
movie-like visualization and can be used for distinguishing between the atrial tissue 44 and
the adjacent lung structure 45. The motion frequencies are different, because the motion of
the atrial tissue reflects more the cardiac motion and the motion of the lung structure reflects
more the breathing motion.

The aspect, which may be readily observed by using the described
visualization mode, can also be a contrast change. Fig. 7 shows exemplarily two image
frames 40, 41 of a sequence of image frames, which are temporally consecutively shown at
the same place on the display 24. The image frame 40 on the left side corresponds to a

cardiac cycle before the ablation procedure has been started and the image frame 41 on the
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right side corresponds to a cardiac cycle after the ablation procedure has been completed. The
visualization allows for a clear observation of the contrast change due to ablation.

The aspect, which can be observed by watching the movie generated by
showing the image frames temporally consecutively at the same place on the display, can
also be, for instance, a scatter change or a speckle change. Fig. 8 shows exemplarily two
image frames 42, 43 of a sequence of image frames, wherein the image frame 42 on the left
side corresponds to a cardiac cycle before the ablation procedure has been started and the
image frame 43 on the right side corresponds to a cardiac cycle after the ablation procedure
has been completed.

As already mentioned above, the image providing unit 11 can also be adapted
to determine a feature image of the cardiac tissue comprising features derived from the M-
mode ultrasound image. In particular, the image providing unit 11 can be adapted to generate
a motion map from the M-mode ultrasound image. If then the motion map is segmented by
the image frames determination unit 13 in accordance with the cardiac cycles, in order to
determine the image frames, wherein the image frames, which are based on the motion map,
are then temporally consecutively displayed by the display 24, a motion movie can be
generated, wherein each image frame shows the motion field of one complete cardiac cycle.
Fig. 9 shows exemplarily two image frames 46, 47 of such a sequence of image frames,
which have been determined by segmenting a motion map in accordance with the cardiac
cycle. The image frame 46 on the left side was taken before the ablation procedure has been
started and the image frame 47 on the right side was taken after the ablation procedure has
been completed. The image frames 46, 47 show obvious differences in the tissue motion
between the pre-ablated healthy tissue and the ablated tissue. The healthy tissue shows more
prominent contraction motion, while the necrosis shows more reduced motion due to
increased stiffness.

The display 24 can also be adapted to display the image frames temporally
consecutively overlaid over a reference image frame. Thus, it can be possible to include one
kind of reference in the visualization, which may be important for the specific application of
cardiac ablation monitoring. For instance, a snapshot of an image frame, i.e. one of the image
frames determined by the image frames determination unit 13, which has been taken before
the ablation procedure has been started, can be used as the reference image frame. The
display can then be adapted to generate an overlay with 50 percent transparency, wherein
new actual image frames, which correspond to actual cardiac cycles, are overlaid with

transparency over the reference image frame. This allows showing reference data and
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realtime data at the same time. The image frames determination unit 13 can also be adapted
to subtract the image frames obtained from the M-mode image or from the feature image
from the reference image frame for generating subtraction image frames, wherein the image
frames determination unit 13 can further be adapted to provide the subtraction image frames
to the display 24 as the image frames to be consecutively displayed. For instance, a reference
image frame, which corresponds to a cardiac cycle that was present before ablation has been
started, can be subtracted from an image frame, which corresponds to a new actual cardiac
cycle, in order to emphasize changes before and during ablation in the movie presented by
the display 24. The subtraction images can also be overlaid with the reference image frame,
which preferentially corresponds to a cardiac cycle, which was present before the ablation
procedure had been started.

Referring again to Fig. 1, the ablation apparatus 1 further comprises a position
detection system 2 for detecting the position of the tip 15 of the catheter 14 within the person
7. In this embodiment the position detection system 2 is an x-ray fluoroscopy system, in
particular, an x-ray C-arm system. The x-ray fluoroscopy system comprises an x-ray source 4
for generating x-rays 6 which traverse the person 7 on the table 8, wherein the x-rays 6,
which have traversed the person 7, are detected by an x-ray detector 3. The x-ray fluoroscopy
system 2 further comprises a fluoroscopy control unit 5 for controlling the x-ray source 4 and
the x-ray detector 3. The x-ray detector 3 generates x-ray images of the person 7, which can
be shown on the display 24. On the generated x-ray images the tip 15 of the catheter 14 is
visible within the person 7 such that the x-ray images show the position of the tip 15 of the
catheter 14 within the person 7. In other embodiments other position detection systems for
detecting the position of the catheter tip within the person can be used like position detection
systems which are based on electromagnetic sensors, ultrasound sensors, et cetera.

The ablation apparatus further comprises a navigation unit 50 for allowing the
catheter 14, in particular, the catheter tip 15, to be navigated to a desired location within the
person 7. The navigation unit 50 can be adapted to allow a user to navigate the catheter 14
completely by hand or semi-automatically. The catheter 14 comprises built-in guiding means
(not shown in Fig. 1), which can be controlled by the navigation unit 50. The catheter 14 can,
for example, be steered and navigated by the use of steering wires, in order to guide the
catheter tip 15 to a desired location within the person 7.

The image providing unit 11, the repetitive signal providing unit 12, the image
frames determination unit 13 and the display 24 can be regarded as being an ultrasound data

visualization apparatus for visualizing ultrasound data. In the embodiment shown in Fig. 1
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the ultrasound data visualization apparatus is integrated with the ablation apparatus 1.
However, in another embodiment the ultrasound data visualization apparatus can also be a
separate apparatus as will be described in the following with reference to Fig. 10.

Fig. 10 shows schematically and exemplarily an ultrasound data visualization
apparatus 125, which forms a separate system, i.e. a system not being integrated with the
ablation apparatus 1. Also in this embodiment the ultrasound visualization apparatus
comprises an image providing unit 111 for providing an image of an object 23 being an M-
mode ultrasound image of the object 23 or a feature image of the object 23 comprising
features derived from the M-mode ultrasound image. The image providing unit 111 can be
adapted to receive an M-mode ultrasound image from an ultrasound imaging device and to
provide the received M-mode ultrasound image to an image frames determination unit 113 of
the ultrasound data visualization apparatus 125. The image providing unit 111 can also be
adapted to determine a feature image of the object 23 comprising features derived from the
received M-mode ultrasound image. For instance, the image providing unit 111 can be
adapted to derive a motion map from the received M-mode ultrasound image as described
above with reference to the image providing unit 11 shown in Fig. 1.

The ultrasound data visualization apparatus 125 further comprises a repetitive
signal providing unit 112 for providing a repetitive signal being indicative of a repetitive
cycle in the image. For instance, the repetitive signal providing unit 112 can just be a
receiving unit for receiving an electrocardiography signal from an electrocardiography device
and to provide the received electrocardiography signal as the repetitive signal. However, the
repetitive signal providing unit 112 can also be adapted to determine the repetitive signal
from, for instance, the M-mode ultrasound image.

The ultrasound data visualization apparatus 125 further comprises an image
frames determination unit 113 for determining image frames by temporally segmenting the
provided image into image frames corresponding to different repetitive cycles based on the
repetitive signal and a display 124 for displaying the image frames temporally consecutively.
The image frames determination unit 113 and the display 124 can be similar to the image
frames determination unit 13 and the display 24, respectively, described above with reference
to Fig. 1.

In the following an embodiment of an ultrasound data visualization method for
visualizing ultrasound data will exemplarily be described with reference to a flowchart shown

in Fig. 11.
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In step 201 an image of an object being an M-mode ultrasound image of the
object or a feature image of the object comprising features derived from the M-mode
ultrasound image is provided by an image providing unit. In step 202 a repetitive signal being
indicative of a repetitive cycle in the image is provided by a repetitive signal providing unit.
For instance, an electrocardiography signal is provided as the repetitive signal or a repetitive
signal is determined from the M-mode ultrasound image. Steps 201 and 202 are performed in
parallel such that the A-lines of the M-mode ultrasound image can be assigned to the
repetitive cycles. In step 203 image frames are determined by temporally segmenting the
provided image into image frames corresponding to different repetitive cycles based on the
repetitive signal by an image frames determination unit, wherein in step 204 the image
frames are displayed temporally consecutively by a display.

Steps 201 to 204 may be performed in a loop-like fashion, wherein, if the
generated M-mode ultrasound image and the repetitive signal allow a determination of a next
image frame, this next image frame is shown on the display, wherein then, if the M-mode
ultrasound image and the repetitive cycle allow the determination of a following image
frame, this following image frame is shown on the display, in order to update the display very
fast, in particular, substantially in realtime. The segmentation of the M-mode ultrasound
image can therefore be performed concurrently with providing the M-mode ultrasound image
and the repetitive signal.

In an embodiment, the repetitive signal providing unit may be adapted to
determine the repetitive signal not from an electrocardiography measurement, but in another
way, in particular, from the provided M-mode ultrasound image, especially in case of atrial
fibrillation or if ablated tissue is to be observed.

Although in an above described embodiment the repetitive signal providing
unit is adapted to determine the repetitive signal from the M-mode ultrasound image by using
certain procedures for deriving the repetitive signal, in other embodiments the repetitive
signal providing unit can also be adapted to determine the repetitive signal from the M-mode
ultrasound image in another way. For instance, instead of transforming the M-mode
ultrasound image into a velocity domain, the M-mode ultrasound image can also be
transformed into another domain, wherein from the transformed image in the other domain a
repetitive signal can be determined, for example, by taking the maximum or the average of
the transformed M-mode ultrasound image at the respective time.

Although in an above described embodiment the image frames determination

unit is adapted to determine the image frames such that an image frame corresponds to a
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complete cardiac cycle, in another embodiment the image frames determination unit can also
be adapted to determine the image frames such that an image frame corresponds to a certain
interval of the cardiac cycle like the Q-R or the Q-T interval. Also these image frames may
be modified such that they have the same temporal length.

Other variations to the disclosed embodiments can be understood and effected
by those skilled in the art in practicing the claimed invention, from a study of the drawings,
the disclosure, and the appended claims.

In the claims, the word "comprising” does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a plurality.

A single unit or device may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited in mutually different dependent claims
does not indicate that a combination of these measures cannot be used to advantage.

Procedures like the determination of the feature image, the determination of
the image frames, the scaling or cropping of the image frames, the determination of
subtraction image frames, et cetera performed by one or several units or devices can be
performed by any other number of units or devices. The procedures and/or the control of the
ultrasound data visualization apparatus in accordance with the ultrasound data visualization
method can be implemented as program code means of a computer program and/or as
dedicated hardware.

A computer program may be stored/distributed on a suitable medium, such as
an optical storage medium or a solid-state medium, supplied together with or as part of other
hardware, but may also be distributed in other forms, such as via the Internet or other wired
or wireless telecommunication systems.

Any reference signs in the claims should not be construed as limiting the
scope.

The invention relates to an ultrasound data visualization apparatus for
visualizing ultrasound data, in particular, during a cardiac ablation procedure. An M-mode
ultrasound image of an object being preferentially a heart of a person or a feature image of
the object comprising features derived from the M-mode ultrasound image and a repetitive
signal like an electrocardiography signal being indicative of a repetitive cycle in the image
are provided. An image frames determination unit determines image frames by temporally
segmenting the provided image into image frames corresponding to different repetitive cycles
based on the repetitive signal, wherein a display displays the image frames temporally

consecutively. Since the display shows these image frames temporally consecutively, a
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movie-like displaying of the ultrasound data is provided, which allows for a better
observation of details and changes of the object, especially of changes in cardiac tissue

during an ablation procedure.
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CLAIMS:

1. An ultrasound data visualization apparatus for visualizing ultrasound data, the
ultrasound data visualization apparatus comprising:

- an image providing unit (11; 111) for providing an image of an object (23)
being an M-mode ultrasound image of the object (23) or a feature image of the object (23)
comprising features derived from the M-mode ultrasound image,

- a repetitive signal providing unit (12, 21, 22; 112) for providing a repetitive
signal being indicative of a repetitive cycle in the image,

- an image {rames determination unit (13; 113) for determining image frames by
temporally segmenting the provided image into image frames corresponding to different
repetitive cycles based on the repetitive signal,

- a display (24; 124) for displaying the image frames temporally consecutively.

2. The ultrasound data visualization apparatus as defined in claim 1, wherein the
object (23) is a heart of a living being and the repetitive signal is indicative of a cardiac cycle

of the living being.

3. The ultrasound data visualization apparatus as defined in claim 1, wherein the
repetitive signal providing unit (112) is adapted to determine the repetitive signal from the

provided image.

4. The ultrasound data visualization apparatus as defined in claim 1, wherein the
image frames determination unit (13; 113) is adapted to determine the image frames such that

an image frame corresponds to a complete repetitive cycle.

5. The ultrasound data visualization apparatus as defined in claim 1, wherein the
image frames determination unit (13; 113) is adapted to determine the image frames such that

an image frame corresponds to a predefined interval of the repetitive cycle.
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6. The ultrasound data visualization apparatus as defined in claim 1, wherein the
image frames determination unit (13; 113) is adapted to determine the image frames such that

the image frames correspond to temporally adjacent repetitive cycles.

7. The ultrasound data visualization apparatus as defined in claim 1, wherein the
temporal length of the repetitive cycle varies, wherein the image frames determination unit
(13; 113) is adapted to amend the image frames such that the image frames have the same

temporal length.

8. The ultrasound data visualization apparatus as defined in claim 7, wherein the
image frames determination unit (13; 113) is adapted to perform at least one of a scaling
procedure and a cropping procedure for amending the image frames such that they have the

same temporal length.

9. The ultrasound data visualization apparatus as defined in claim 1, wherein the
image providing unit (111) is adapted to provide a motion map derived from the M-mode

ultrasound image as the image to be segmented.

10. The ultrasound data visualization apparatus as defined in claim 1, wherein the
display (24; 124) is adapted to display the image frames temporally consecutively overlaid

over a reference image frame.

11. The ultrasound data visualization apparatus as defined in claim 1, wherein the
image frames determination unit (13; 113) is adapted to subtract the image frames from a
reference image {rame for generating subtraction image frames and to provide the subtraction

image frames to the display as the image frames to be consecutively displayed.

12. An energy application apparatus for applying energy to an object, the energy
application apparatus (1) comprising:

- an energy application device (9, 16, 19) for applying energy to the object,

- an ultrasound imaging device (11, 17, 20) for generating an M-mode
ultrasound image of the object (23),

- an ultrasound data visualization apparatus as defined in claim 1.
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13. An ultrasound data visualization method for visualizing ultrasound data, the
ultrasound data visualization method comprising:

- providing an image of an object being an M-mode ultrasound image of the
object (23) or a feature image of the object (23) comprising features derived from the M-
mode ultrasound image by an image providing unit (11; 111),

- providing a repetitive signal being indicative of a repetitive cycle in the image
by a repetitive signal providing unit (12, 21, 22; 112),

- determining image frames by temporally segmenting the provided image into
image frames corresponding to different repetitive cycles based on the repetitive signal by an
image frames determination unit (13; 113),

- displaying the image frames temporally consecutively by a display (24; 124).

14. A computer program for visualizing ultrasound data, the computer program
comprising program code means for causing an ultrasound data visualization apparatus as
defined in claim 1 to carry out the steps of the ultrasound data visualization method as
defined in claim 13, when the computer program is run on a computer controlling the

ultrasound data visualization apparatus.
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