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(57) ABSTRACT

The invention relates to an ultrasound data visualization
apparatus for visualizing ultrasound data showing an object
during an interventional procedure. A reference image (65)
and a current image (68) of the object are simultaneously
displayed, wherein the current image corresponds to a current
time interval and the reference image corresponds to a refer-
ence time interval and wherein the current time interval and
the reference time interval correspond to different phases of
the interventional procedure. The current image can be shown
therefore with, for instance, a relatively high temporal reso-
lution for allowing a user to observe detailed object changes,
which may be caused by the interventional procedure, while
an overview over different phases of the interventional pro-
cedure can still be provided, because also the reference image
is displayed and can be used by a user for comparing the
current image with the reference image.
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ULTRASOUND DATA VISUALIZATION
APPARATUS

FIELD OF THE INVENTION

[0001] The invention relates to an ultrasound data visual-
ization apparatus, an ultrasound data visualization method
and an ultrasound data visualization computer program for
visualizing ultrasound data showing an object during an intet-
ventional procedure. The invention relates further to an inter-
ventional apparatus comprising the ultrasound data visualiza-
tion apparatus.

BACKGROUND OF THE INVENTION

[0002] In cardiac ablation procedures an ablation catheter
is introduced into a heart of a living being, wherein the tip of
the ablation catheter comprises, for instance, an ablation elec-
trode for applying radio frequency energy to cardiac tissue to
be ablated. Moreover, the tip of the ablation catheter can
comprise an ultrasound transducer for ultrasonically moni-
toring the ablation procedure.

[0003] Inorder to provide an overview over the entire abla-
tion procedure on a display, the temporal resolution of the
ultrasound data shown on the display is relatively low, thereby
making it relatively hard for a physician to ultrasonically
monitor detailed tissue changes caused by the ablation pro-
cedure.

SUMMARY OF THE INVENTION

[0004] Itis an object of the present invention to provide an
ultrasound data visualization apparatus, an ultrasound data
visualization method and an ultrasound data visualization
computer program for visualizing ultrasound data showing an
object during an interventional procedure, which allows for
an improved monitoring of the interventional procedure. It is
a further object of the present invention to provide an inter-
ventional apparatus comprising the ultrasonically data visu-
alization apparatus.

[0005] In a first aspect of the present invention an ultra-
sound data visualization apparatus for visualizing ultrasound
data showing an object during an interventional procedure is
presented, wherein the ultrasound data visualization appara-
tus comprises:

[0006] an ultrasound image providing unit for providing
a temporally dependent ultrasound image of the object,

[0007] acurrentimage determining unit for determining
a current image of the object based on a part of the
temporally dependent ultrasound image, which corre-
sponds to a current time interval,

[0008] areference image determining unit for determin-
ing a reference image of the object based on a part of the
temporally dependent ultrasound image, which corre-
sponds to a reference time interval, wherein the refer-
ence time interval and the current time interval corre-
spond to different phases of the interventional
procedure,

[0009] adisplay for simultaneously displaying the refer-
ence image and the current image.

[0010] Since the display simultaneously displays the refer-
ence image and the current image, wherein the current image
corresponds to a current time interval and the reference image
corresponds to a reference time interval and wherein the
current time interval and the reference time interval corre-
spond to different phases of the interventional procedure, the
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current image can be shown with a relatively high temporal
resolution, wherein an overview over different phases of the
interventional procedure can still be provided, because also
the reference image is displayed and can be used by the
physician for comparing the current image with the reference
image. Thus, the physician can observe detailed object
changes, which may be caused by the interventional proce-
dure, wherein the physician can still have an overview over
different phases of the interventional procedure.

[0011] Theultrasound image providing unit and the current
image determining unit are preferentially adapted to continu-
ously update the current image, in particular, in a wrapping
fashion similar to the updating of M-mode images, whereas
the reference image may be a constant image.

[0012] In an embodiment the interventional procedure
includes an object-influence phase during which the object is
influenced at a location on the object by applying energy to
the object by using an energy application element, a pre-
object-influence phase and a post-object-influence phase,
wherein the reference time interval and the current time inter-
val correspond to different of these phases. For instance, the
interventional procedure can be an ablation procedure for
ablating the object, wherein the reference time interval can
correspond to a pre-object-influence phase being a pre-abla-
tion phase and the current time interval can correspond to the
object-influence phase during which ablation energy is
applied to the object or wherein the reference time interval
can correspond to the object-influence phase and the current
time interval can correspond to the post-object-influence
phase being, in this example, a post-ablation phase in which
the ablation procedure has been completed. Thus, the ultra-
sound data visualization apparatus can be used to observe
details in changes of the object during an ablation procedure,
wherein still an overview over different phases of the ablation
procedure can be provided. The ablation procedure is prefer-
entially a cardiac ablation procedure for ablating cardiac tis-
sue.

[0013] The ultrasound data visualization apparatus can
comprise an energy application time providing unit for pro-
viding a start time at which the object-influence phase starts,
wherein the reference image determining unit is adapted to
determine the reference time interval depending on the pro-
vided start time and to determine the reference image based
on the part of the temporally dependent ultrasound image,
which corresponds to the determined reference time interval.
In particular, the reference image determining unit can be
adapted to determine the reference time interval as a time
interval immediately before the provided start time. An image
can therefore be provided as a reference image, which corre-
sponds to the last part of the pre-object-influence phase.
[0014] The energy application time providing unit can also
be adapted to provide an end time at which the object-influ-
ence phase ends, wherein the reference image determining
unit can be adapted to determine the reference time interval
depending on the provided end time and to determine the
reference image based on the part of the temporally depen-
dent ultrasound image, which corresponds to the determined
reference time interval. In particular, the ultrasound image
providing unit can be adapted to determine the reference time
interval as a time interval immediately before the provided
end time. The reference time interval can therefore corre-
spond to the last part of the object-influence phase.

[0015] Thus, the reference time interval can be automati-
cally determined based on the process of applying energy to
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the object, wherein, for instance, the reference time interval
and, thus, the reference image can be automatically updated
based on the actual energy application procedure.

[0016] In an embodiment, during the interventional proce-
dure the energy application element is moved to different
locations on the object for influencing the object at the dif-
ferent locations, wherein the ultrasound data visualization
apparatus further comprises a location change signal provid-
ing unit for providing a location change signal indicating
when the energy application element has reached a new loca-
tion at which the object is to be influenced, wherein the
reference image determining unit is adapted to determine the
time interval immediately after the energy application ele-
ment has reached the new location as the reference time
interval in the pre-object-influence phase depending on the
provided location change signal and to determine the refer-
ence image based on the part of the temporally dependent
ultrasound image, which corresponds to the determined ref-
erence time interval. Thus, each time the energy application
element has been moved to anew location, at which the object
should be influenced, the reference image can be updated
such that the reference image corresponds to the actual loca-
tion on the object. The location change signal providing unit
can comprise, for instance, a push button, which may be
arranged on a hand grip of the energy application element,
which may be an ablation catheter, wherein the push button
can be pushed, if the energy is applied, and wherein the
location change signal can be provided depending on whether
the push button is pushed. The location change signal provid-
ing unit can also be adapted to automatically determine the
location change signal from the provided temporarily depen-
dent ultrasound image.

[0017] The ultrasound data visualization apparatus may
comprise an input unit for allowing a user to input the refer-
ence time interval, wherein the reference image determining
unit may be adapted to determine the reference image based
on the part of the temporally dependent ultrasound image,
which corresponds to the determined reference time interval.
This allows a user like a physician to adapt the reference
image as desired.

[0018] Theultrasound data visualization apparatus can fur-
ther comprise a physiological signal providing unit for pro-
viding a temporally dependent physiological signal corre-
sponding to the reference and current time intervals, wherein
the current image determining unit and the reference image
determining unit are adapted to determine temporally depen-
dent current and reference images, wherein the display is
adapted to simultaneously display the provided physiological
signal and the current and reference images, wherein the
provided physiological signal and the current and reference
images are temporally aligned on the display. The physiologi-
cal signal is preferentially an electrocardiography signal. Dis-
playing the physiological signal and the current and reference
images temporarily aligned allows the user to grasp charac-
teristics of the object shown in the images and the physiologi-
cal properties represented by the physiological signal in dif-
ferent phases of the interventional procedure very easily by
just looking on the display.

[0019] Theultrasound image providing unit and the current
image determining unit are preferentially adapted to provide
the current image in realtime. The current image data are
therefore shown to the user very fast such that the user can
immediately react on the characteristics of the object shown
in the current image.
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[0020] The current time interval and the reference time
interval are preferentially smaller than the temporal distance
between the current time interval and the reference time inter-
val. For instance, if the object is cardiac tissue, the reference
time interval can be about two seconds and the current time
interval can be also about two seconds or some seconds larger,
whereas the temporal distance between the reference time
interval and the current time interval can be one or several
minutes.
[0021] Preferentially, the reference image and the current
image are shown with the same temporal resolution. This
allows for an easy comparison between details of the object in
the current image and in the reference image.
[0022] In an embodiment the current image determining
unit is adapted to determine the current image as a part of the
provided temporally dependent ultrasound image or of a pro-
cessed image obtained by processing the provided temporally
dependent ultrasound image, which corresponds to the cur-
rent time interval, as the current image, wherein the reference
image determining unit is adapted to determine the reference
image as a part of the provided temporally dependent ultra-
sound image or of the processed image, which corresponds to
the reference time interval, as the reference image. The pro-
cessed image is preferentially 1) a motion image, ii) a strain
image, iii) a gated image, if the object is a repetitively moving
object, or iv) a likelihood image indicating the likelihood that
acertainimage element represents a certain part of the object.
In particular, the ultrasound data visualization apparatus can
comprise a repetitive signal providing unit for providing a
repetitive signal being indicative of a repetitive movement of
the object, wherein the current image determining unit and
the reference image determining unit can be adapted to pro-
vide gated reference and current images for the reference and
current time intervals, respectively, based on the provided
repetitive signal and the provided temporally dependent ultra-
sound image. The gated images can be static gated images or
dynamic gated images. This can allow for a comparison of
characteristics of the object in the current image and in the
reference image, which may not be readily visible in the
original temporarily dependent ultrasound image.
[0023] Ina further aspect of the present invention an inter-
ventional apparatus for performing an interventional proce-
dure with respect to an object is presented, wherein the inter-
ventional apparatus comprises:
[0024] an interventional element for performing the
interventional procedure with respect to the object,
[0025] an ultrasound data visualization apparatus for

visualizing ultrasound data of the object as defined in

claim 1.
[0026] In another apsect of the present invention an ultra-
sound data visualization method for visualizing ultrasound
data showing an object during an interventional procedure is
presented, wherein the ultrasound data visualization method
comprises:

[0027] providing a temporally dependent ultrasound
image of the object by an ultrasound image providing
unit,

[0028] determining a current image of the object based

on a part of the temporally dependent ultrasound image,
which corresponds to a current time interval, by a cur-
rent image determining unit,

[0029] determining a reference image of the object based
on a part of the temporally dependent ultrasound image,
which corresponds to a reference time interval, wherein
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the reference time interval and the current time interval

correspond to different phases of the interventional pro-

cedure, by a reference image determining unit,

[0030] simultaneously displaying the reference image

and the current image by a display.
[0031] In another aspect of the present invention a ultra-
sound data visualization computer program for visualizing
ultrasound data showing an object during an interventional
procedure is presented, wherein the computer program com-
prises program code means for causing an ultrasound data
visualization apparatus defined in claim 1 to carry out the
steps of the ultrasound data visualization method as defined in
claim 14, when the computer program is run on a computer
controlling the ultrasound data visualization apparatus.
[0032] It shall be understood that the ultrasound data visu-
alization apparatus of claim 1, the energy application appa-
ratus of claim 13, the ultrasound data visualization method of
claim 14 and the ultrasound data visualization computer pro-
gram of claim 15 have similar and/or identical preferred
embodiments, in particular, as defined in the dependent
claims.
[0033] It shall be understood that a preferred embodiment
of the invention can also be any combination ofthe dependent
claims with the respective independent claim.
[0034] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] In the following drawings:

[0036] FIG. 1 shows schematically and exemplarily an
embodiment of an energy application apparatus for applying
energy to an object,

[0037] FIG. 2 shows schematically and exemplarily and
embodiment of a tip of an ablation catheter of the energy
application apparatus shown in FIG. 1,

[0038] FIG. 3 shows schematically and exemplarily the tip
of the ablation catheter at a location on a heart wall,

[0039] FIG. 4 shows exemplarily a conventional M-mode
image over a relatively large time span,

[0040] FIG. 5 shows exemplarily a conventional M-mode
image over a relatively short time span,

[0041] FIG. 6 illustrates the determination of a reference
image from an M-mode image,

[0042] FIG. 7 shows exemplarily a reference image corre-
sponding to a pre-object-influence phase and a current image
corresponding to an object-influence phase,

[0043] FIG. 8 shows exemplarily the reference image cor-
responding to the pre-object-influence phase and a current
image corresponding to the object-influence phase at a later
time in comparison to the time of the current image exem-
plarily shown in FIG. 7,

[0044] FIG. 9 shows exemplarily a reference image, which
corresponds to a last part of the object-influence phase and a
current image, which corresponds to a post-object-influence
phase,

[0045] FIG. 10 shows exemplarily reference and current
images, which have been acquired by different ultrasound
transducers and which are temporally aligned with an elec-
trocardiography signal,

[0046] FIG. 11 shows exemplarily a reference image and a
current image over a relatively large time span,
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[0047] FIG. 12 shows schematically and exemplarily an
embodiment of an ultrasound data visualization apparatus for
visualizing ultrasound data of an object during an interven-
tional procedure, and

[0048] FIG. 13 shows a flowchart exemplarily illustrating
an embodiment of an ultrasound data visualization method
for visualizing ultrasound data showing an object during an
interventional procedure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0049] FIG. 1 shows schematically and exemplarily an
embodiment of an interventional apparatus for performing an
interventional procedure with respect to an object. In this
embodiment the interventional apparatus is an energy appli-
cation apparatus for applying energy to the object, particu-
larly an ablation apparatus for ablating cardiac tissue. The
ablation apparatus 1 comprises an energy application element
11 being an ablation catheter. The ablation catheter 11 is
introduced into the heart 8 of a person 7 lying on a support unit
9 like a patient table. The tip 10 of the ablation catheter 11 is
schematically and exemplarily shown in more detail in FIG.
2.

[0050] The tip 10 of the ablation catheter 11 comprises a
frontal ultrasound transducer 20 for acquiring first ultrasound
data in a first acquisition direction 14 being a frontal direction
with respect to the tip 10 of the ablation catheter 11 and three
lateral transducers, of which only two transducers 21, 22 are
visible in FIG. 2, for acquiring second, third and fourth ultra-
sound data in second, third and fourth acquisition directions
50, 13, 15 being lateral directions.

[0051] The frontal transducer 20 can be regarded as being
an axial transducer acquiring the first ultrasound data in the
axial direction 14 being the first acquisition direction. More-
over, in this embodiment the tip 10 of the ablation catheter 11
is substantially circular in cross section such that the lateral
directions 50, 13, 15 can be regarded as being radial direc-
tions and the respective lateral transducers can be regarded as
being radial transducers.

[0052] The tip 10 of the ablation catheter 11 further com-
prises an ablation electrode 51 comprising an axial opening
16 and lateral openings 17, 18, through which the ultrasound
transducers can acquire the ultrasound data, Moreover, the
ablation electrode 51 comprises irrigation openings 19 for
allowing irrigation fluid flowing within the ablation catheter
11 to leave the tip 10 of the ablation catheter 11.

[0053] The ablation electrode 51 is electrically connected
with an ablation control unit 37 by using an electrical con-
ductor like a wire (not shown in FIG. 2 for clarity reasons), in
order to allow a physician to control the application of abla-
tion energy. In this embodiment the ablation control unit 37
comprises a radio frequency source for applying radio fre-
quency energy to the cardiac tissue for ablating the same. The
ablation apparatus 1 further comprises an irrigation control
unit 38 for controlling the flow of the irrigation fluid within
the ablation catheter 11 and, thus, for controlling the irriga-
tion fluid leaving the tip 10 of the ablation catheter 11 through
theirrigation openings 19. The ablation catheter 11 comprises
a lumen for guiding the fluid from the irrigation control umt
38 to the irrigation openings 19. The irrigation control unit 38
preferentially comprises a fluid source and a pump for pro-
viding fluid to the tip 10 of the ablation catheter 11.

[0054] Theablation apparatus 1 further comprises an ultra-
sound control unit 12, which is electrically connected to the
ultrasound transducers in the tip 10 of the ablation catheter 11



US 2015/0265241 Al

via electrical connections like electrical wires (not shown in
FIG. 2 for clarity reasons). The ultrasound control unit 12 and
the ultrasound transducers in the tip 10 of the ablation catheter
11 are preferentially configured such that M-mode images are
acquired in the different acquisition directions as temporally
dependent ultrasound images.

[0055] The ablation apparatus 1 is used for performing and
for monitoring the cardiac ablation procedure. The ablation
apparatus 1 is particularly adapted to cure cardiac arrhythmia.
The ultrasound transducers in the tip 10 of the ablation cath-
eter 11 enable a physician in an electrophysioclogy laboratory
to assess in realtime certain relevant parameters of the heart
wall from the inside. This will in the following exemplarily be
illustrated with reference to FIG. 3.

[0056] FIG. 3 shows the tip 10 of the ablation catheter 11
acquiring ultrasound data by using the axial frontal trans-
ducer in the first acquisition direction. A corresponding ultra-
sound beam is schematically indicated in FIG. 3 by broken
lines 24. The ultrasound waves are sent into a heart wall 27
and scattered and/or reflected ultrasound waves are received
by the frontal axial transducer at the tip 10 of the ablation
catheter 11. Resulting temporally dependent ultrasound data,
i.e. in this embodiment a resulting M-mode image 28, is
exemplarily shown in the upper right part of FIG. 3. The
M-mode image 28 shows the ultrasound signal amplitude
depending on the depth d in millimeters and depending on the
time t in s. The line 30 indicates the duration of ultrasound
monitoring and the lines 29, 52 indicate the duration of apply-
ing ablation energy to the cardiac tissue. The line 31 indicates
the ablation depth and the column 34 indicates the position of
a front side 26 of the heart wall 27 by using the block 35 and
the ablation depth by using the block 36. By visual inspection
of the ultrasound M-mode image 28 the physician can mea-
sure the heart wall thickness, i.e. the positions of the front side
26 and the back side 25 of the heart wall 27, and can then
decide on the best ablation regime like the optimal ablation
power, the optimal flow rate of the irrigation fluid being
preferentially a saline cooling fluid and the optimal ablation
duration. During the application of the ablation energy the
lesion formation can be monitored, wherein the physician can
halt the ablation procedure, when a lesion has become trans-
mural, i.e. when the treatment reached the back side 25 of the
heart wall 27. In case steam pockets are formed inside the
cardiac tissue, the physician can see this formation in the
M-mode image 28 and can halt the ablation procedure to
prevent a tissue rupture, i.e. to prevent a so-called “pop”.

[0057] FIG. 4 shows schematically and exemplarily an
M-mode image 60, which may be obtained during a cardiac
ablation procedure. In FIG. 4 each vertical line is an A-line
obtained after envelope detection of raw ultrasound RF-lines
and further processing such as noise suppression and contrast
enhancement. In FIG. 4 the vertical axis represents the depth
d and the horizontal axis represents the time t. As time
progresses, new A-lines are appended on the right side of the
time cursor 62 in the M-mode image 60. If the region on the
right-hand side of the white line 62 shown in FIG. 4 is also
filled with A-lines, the white line 62, i.e. the time cursor,
wraps to the left and overwrites the previously acquired
A-lines. In FIG. 4 the ablation period, i.e. the period during
which ablation power is applied, is indicated by the bar 61.
The complete M-mode image may cover a time period of
about 1 to 2 minutes. FIG. 4 shows temporarily dependent
ultrasound data in a pre-object-influence phase, in an object-
influence phase and in an opposed-object-influence phase. In
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the object-influence phase the object, i.e. in this embodiment
the cardiac tissue, is influenced at a location on the object by
applying energy to the object. The respective time period is
indicated by the line 61.

[0058] FIG. 5 shows exemplarily a further M-mode image
63 with a time cursor 64, wherein in this example the M-mode
image 63 covers a time span of 4 seconds, i.e. the M-mode
image 63 exemplarily shown in FIG. 5 is shown with a much
larger temporal resolution than the M-mode image 60 exem-
plarily shown in FIG. 4. If the relatively short time span is
chosen as exemplarily shown in FIG. 5, much more details are
visible in the M-mode image. This high level of detail can
reveal important information like the variation of the cardiac
backwall, which is related to the local heart wall thickness.
However, when inspecting high detail information on the
short time span, the physician looses the ability to observe
tissue changes occurring at a much larger time scale as shown
in the M-mode image 60 of FIG. 4. In contrast, the M-mode
image 60 shown in FIG. 4 provides the ability to compare data
acquired in realtime during ablation with data prior to abla-
tion such that tissue changes that are indicative of lesion
formation can be observed. Moreover, the large time span
M-mode image 60 shown in FIG. 4 provides the ability to
compare data acquired in realtime after ablation with data
acquired prior to ablation and with data in the final phase of
ablation such that the settling of the cardiac tissue during
cooling down can be observed. These comparisons can not be
performed by using the short time span M-mode image 63
exemplarily shown in FIG. 5.

[0059] The ablation apparatus is therefore adapted to pro-
vide an ultrasound data visualization, which allows for an
observation of high detail M-mode images, while tissue
changes occurring due to ablation can still be observed over
several phases of the interventional procedure.

[0060] The ultrasound transducers 20, 21, 22 and the ultra-
sound control unit 12 can be regarded as being an ultrasound
image providing unit for providing a temporally dependent
ultrasound image of the cardiac tissue, wherein the tempo-
rally dependent ultrasound image is an M-mode image. The
ablation apparatus comprises a current image determining
unit for determining a current image of the object based on a
part of the temporally dependent ultrasound image, which
corresponds to a current time interval, and a reference image
determining unit 36 for determining a reference image of the
object based on a part of the temporally dependent ultrasound
image, which corresponds to a reference time interval,
wherein the reference time interval and the current time inter-
val correspond to different phases of the interventional pro-
cedure being, in this embodiment, an ablation procedure for
ablating the cardiac tissue at a location by applying energy to
the cardiac tissue. The ablation apparatus 1 further comprises
a display 42 for simultaneously displaying the reference
image and the current image.

[0061] The ultrasound image providing unit 12, 20, 21, 22
and the current image determining unit 23 are preferentially
adapted to continuously update the current image in a wrap-
ping fashion as it is known for the updating of M-mode
images, whereas the reference image preferentially stays con-
stant at least over a certain time.

[0062] The reference image and the current image corre-
spond to different phases of the ablation procedure, wherein
the phases are a pre-object-influence phase, an object-influ-
ence-phase and a post-object-influence-phase. For instance,
the reference time interval can correspond to a pre-object-
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influence phase being a pre-ablation phase and the current
time interval can correspond to an object-influence phase
during which ablation energy is applied to the object. Or, the
reference time interval can correspond to the object-influence
phase and the current time interval can correspond to the
post-object-influence phase being, in this example, a post-
ablation phase, in which the ablation procedure has been
completed.

[0063] The ablation apparatus 1 can be adapted to show in
the pre-object-influence phase, i.e. prior to ablation, a con-
ventional M-mode image with a relatively short time span of,
for instance, two seconds, wherein the A-lines are appended
in the above-mentioned wrap around manner as exemplarily
shown in FIG. 5. When ablation has been started, the last
segment of the M-mode image prior to ablation is preferen-
tially selected for thereference image. Therefore, the ablation
apparatus comprises preferentially an energy application
time providing unit for providing a start time, at which the
object-influence phase starts, wherein the reference image
determining unit 36 can be adapted to determine the reference
time interval depending on the provided start time and to
determine the reference image based on the part of the tem-
porally dependent ultrasound image, i.e. the part of the
M-mode image, which corresponds to the determined refer-
ence time interval. In particular, the reference image deter-
mining unit 36 can be adapted to determine the reference time
interval as a time interval immediately before the provided
start time. This is illustrated in FIG. 6.

[0064] FIG. 6 shows an M-mode image 66 with a relatively
short time span of, for instance, two to three seconds in the
pre-object-influence phase, which is present before the
object-influence phase indicated by the line 61, and in the
object-influence phase. A last segment 65 of the M-mode
image 66, which is located immediately before the start time
of starting the ablation procedure and which covers a time
span of about two seconds, is selected as reference image. The
short time span of about two seconds is preferred in the
present case, because it corresponds to a single heartbeat
cycle at a lowest assumed heart rate of 30 beats per minute. It
should be noted that FIG. 6 may not be shown on the display
42.FIG. 6 is only shown here to illustrate the determination of
the reference image.

[0065] In this embodiment, the energy application time
providing unit is the ablation control unit 37, wherein the
ablation control unit 37 is adapted to send a signal to the
reference image determining unit 36 for prompting the refer-
ence image determining unit 36 to determine the reference
image, if the ablation control unit 37 controls the ablation
catheter such that energy is applied to the cardiac tissue.

[0066] On the display 42 the reference image 65 is shown
separately from the current image 68 as illustrated in FIG. 7.
The current image continues to be updated in a wrapping
fashion as it is known from conventional M-mode images.
The corresponding time cursor line is referenced in FIG. 7 by
the reference number 64. The reference image 65 stays con-
stant. The reference image 65 and, thus, the reference time
interval correspond to the pre-object-influence phase and the
current image 68 and, thus, the current time interval corre-
spond to the object-influence phase. In FIG. 7 the line 61
indicates the time duration, during which energy is applied to
the cardiac tissue. As can be seen in FIG. 7, the heartbeat rate
has increased during the ablation relative to the heartbeat rate
before ablation.
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[0067] FIG. 8 shows exemplarily the reference image 65
and the current image 68, which are shown on the display unit
42, somewhat later in time, wherein the current image 68 and,
thus, the current time interval still correspond to the object-
influence phase. As can be seen in FIG. 8, the current tissue
structure has changed compared to the structure shown in the
reference image, i.e. the local tissue mobility has decreased
due to necrosis.

[0068] The reference image determining unit 38 is adapted
to update the reference image to contain a last time segment
of, for instance, two seconds of the object-influence phase
being in this example an ablation period, when the application
of the energy is stopped. The energy application time provid-
ing unit is therefore preferentially also adapted to provide an
end time at which the object-influence phase ends, wherein
the reference image determining unit 36 is adapted to deter-
mine the reference time interval depending on the provided
end time and to determine the reference image based on the
part of the temporally dependent ultrasound image, i.e. the
M-mode image, which corresponds to the determined refer-
ence time interval. In particular, the reference image deter-
mining unit is preferentially adapted to determine the refer-
ence time interval as a time interval, which has a fixed
temporal duration and which is arranged immediately before
the provided end time. In this embodiment, the energy appli-
cation time providing unit is the ablation control unit 37
providing a signal to the reference image determining unit 36
indicating, when the application of the ablation energy has
been stopped. FIG. 9 exemplarily shows such a reference
image 69, which corresponds to the time interval immediately
before the object-influence phase stops, and the current image
70, which may be shown on the display 42. In this example,
the reference image belongs to the object-influence phase and
the current image belongs to the post-object-influence phase.
In another embodiment, the reference image may not be
updated such that, after the application of the ablation energy
has stopped, the reference image still shows pre-ablation data
for comparing these data with live data shown by the current
image.

[0069] The time span for the reference data, i.e. the refer-
ence time interval defining the reference image, can be auto-
matically determined based on the onset of the application of
the ablation energy. This onset, i.e. the start of the object-
influence phase, can be indicated by a signal received from
the ablation control unit 37 as described above with reference
to FIG. 7. However, the energy application time providing
unit can also be a separate unit detecting the onset of the
application of the ablation energy from the M-mode image.
Moreover, an input unit 41 of the ablation apparatus 1 can be
used for allowing a user to input the time of the onset of the
application of the ablation energy. Thus, also the input unit 41
can be regarded as being an energy application time providing
unit. After the onset of ablation, i.e. the start time at which the
object-influence phase starts, has been indicated, the refer-
ence time interval can be defined as the time interval of, for
instance, two seconds in the past starting from the onset time.
The reference time interval and, thus, the reference image,
can also be selected completely manually by using the input
unit 41. Also the end time at which the object-influence phase
ends and a corresponding determination of a reference image
can be based on an end time, which a) can be provided
manually by using the input unit 41, b) can be provided by the
ablation control unit 37 or ¢) can be determined from the
M-mode image.
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[0070] FIGS. 4 to 9 show ultrasound data acquired by a
single ultrasound transducer only. However, the ablation
apparatus 1 can also be adapted to show ultrasound data on
the display 42 acquired by more than one of the ultrasound
transducers. For instance, as exemplarily shown in FIG. 10,
the display 42 can show four reference images 73 . . . 76,
which correspond to the four ultrasound transducers at the tip
10 of the ablation catheter 11, in a reference region 71 of the
display 42. Correspondingly, the display unit 42 can show
four current images 80 . . . 83, which correspond to the four
ultrasound transducers, in a live data region 72 of the display
42.

[0071] The ablation apparatus 1 further comprises a physi-
ological signal providing unit for providing a temporally
dependent physiological signal corresponding to the refer-
ence and current time intervals, wherein the display 42 is
adapted to simultaneously display the provided physiological
signal and the current and reference images and wherein the
provided physiological signal and the current and reference
images are temporally aligned on the display 42. In this
embodiment, the physiological signal providing unit com-
prises electrocardiography electrodes 43 arranged on the
breast of the person 7, wherein the electrocardiography elec-
trodes 43 are electrically connected with an electrocardio-
graphy control unit 87 via electrical connections 44 like elec-
trical wires. Reference electrocardiogram (ECG) data 77 and
current ECG data 84 are shown on the display 42 temporally
aligned with the reference and current ultrasound images 73 .
..76,80...83. Thus, especially for the fast refresh rate, i.e.
especially for the relatively short time spans of the reference
and current ultrasound images, the visualization of the ultra-
sound data can be linked with the visualization of electrogram
recordings suchthat the timing of reference and live data from
both sources are aligned.

[0072] The display 42 can be adapted to show further ref-
erence ECG or electrogram (EGM) data 78, 79 and corre-
sponding further current ECG or EGM data 85, 86 temporally
aligned with the reference and current ultrasound images 73 .
..76,80 .. .83. The ECG data may be measured by further
electrocardiography electrodes and the EGM data may be
measured by corresponding electrodes on the tip of the abla-
tion catheter not shown in FIG. 2.

[0073] Although in FIG. 10 ultrasound data of all four
ultrasound transducers are shown, it is of course also possible
that the display 42 shows ultrasound data of one, two or three
ultrasound transducers only. It may be selectable by the user
via the input unit 41, which ultrasound data of the ultrasound
transducers are shown on the display 42. However, the display
42 or another unit of the ablation apparatus can also be
adapted to automatically select one or several ultrasound
transducers, of which the ultrasound data are displayed.
[0074] In FIGS. 7 to 10, the current time interval and the
reference time interval are relatively small. For instance, they
may cover about some seconds. But, the temporal distance
between the current time interval and the reference time inter-
val can be relatively large. For example, if the reference image
shows cardiac tissue before the ablation procedure has been
started and if the current image shows the cardiac tissue at the
end of the ablation procedure, the temporal distance between
the reference time interval and the current time interval can be
about one or two minutes.

[0075]  Although in above described embodiments the time
span of the ultrasound images is relatively short, for instance,
only a few seconds, the time span of the ultrasound images
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shown on the display 42 can also be longer, for instance, one
or two minutes. FIG. 11 shows exemplarily such a situation,
in which the time spans are longer.

[0076] In FIG. 11, a reference ultrasound image 87 is
shown, which cotresponds to a pre-object-influence phase
before ablation energy has been applied to the cardiac tissue.
Moreover, a current image 88 is shown, which represents the
object-influence phase. In FIG. 11, the lines 89, 91 indicate
the lesion formation due to the application of the energy and
the line 90 indicates the location of the back side of the heart
wall to which the ablation energy is applied. The current
image determining unit 23 or another unit of the ablation
apparatus 1 can be adapted to automatically detect the lesion
formation and the position of the back side from the ultra-
sound data for allowing the display 42 to show the lines 89,
90, 91. Thus, also if the refresh rate of the ultrasound images
is slower, reference data can be shown next to live data, in
order to facilitate the interpretation of the ultrasound data.

[0077] In the above described embodiments the current
image determining unit 23 is adapted to determine the current
image as a part of the provided temporally dependent ultra-
sound image, i.e. as a part of the M-mode image, which
corresponds to the current time interval, and the reference
image determining unit is adapted to determine the reference
image as a part of the provided temporally dependent ultra-
sound image, which corresponds to the reference time inter-
val. However, the current image determining unit can also be
adapted to determine the current image as a part of a pro-
cessed image obtained by processing the provided temporally
dependent ultrasound image, which corresponds to the cur-
rent time interval, and the reference image determining unit
can be adapted to determine the reference image as a part of
the process image, which corresponds to the reference time
interval. The processed image is, for instance, a motion
image, a strain image, a gated image or a likelihood image
indicating the likelihood that a certain image element repre-
sents a certain part of the object.

[0078] For instance, the electrocardiography electrodes
together with the electrocardiography control unit can pro-
vide an electrocardiography signal as a repetitive signal being
indicative of the motion of the heart to be ablated. The com-
bination of the electrocardiography electrodes and the elec-
trocardiography control unit can therefore be regarded as
being a repetitive signal providing unit. In other embodiments
the repetitive signal can also be provided in another way, for
instance, it may be determined from the M-mode image. The
repetitive signal providing unit can therefore also be a calcu-
lation unit for determining the repetitive signal from the
M-mode image. The current image determining unit and the
reference image determining unit can be adapted to determine
gated reference and current images for the reference and
current time intervals, respectively, based on the provided
repetitive signal and the provided temporally dependent ultra-
sound image, i.e. the provided M-mode image. For example,
based on the electrocardiography signal it can be determined
which A-line corresponds to which cardiac phase, wherein for
determining a gated M-mode image for a certain cardiac
phase the A-lines corresponding to this certain cardiac phase
can be combined. A gated M-mode image, which has been
determined for a cardiac phase in such a way, can be regarded
as being a static gated M-mode image in comparison to a
dynamic gated M-mode image, which is preferentially
formed by showing gated M-mode images, which correspond
to different cardiac phases, temporally consecutively at the
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same location on the display for showing how the M-mode
image changes over a cardiac cycle. The A-lines forming a
gated static or dynamic reference image correspond prefer-
entially to the pre-object-influence phase or the object-influ-
ence phase and the A-lines forming a gated static or dynamic
current image correspond to another phase, i.e. the object-
influence phase or the post-object-influence phase.

[0079] For processing the ultrasound image such that it is
transformed to a strain image well-known strain transforma-
tion algorithms can be used for generating an image, where at
each location in the image a grey level value is shown that
corresponds to a local strain value. For generating a motion
image known motion detection algorithms can be used,
wherein the resulting motion image can be color-coded such
that each location in the image represents a local tissue
motion magnitude and potentially also a motion direction.
The likelihood image can be an image, where at each location
in the image a grey value is shown, which indicates a degree
of correspondence with a certain tissue type.

[0080] The tip 10 of the ablation catheter 11 can be moved
to a first location on the heart wall, wherein, after the first
location has been reached, ablation energy can be applied to
the cardiac tissue for ablating the cardiac tissue at this loca-
tion. During the application of the ablation energy, the phy-
sician can see the current image and the reference image on
the display 42, wherein based on his/her observations the
physician can halt the application of the ablation energy at a
suitable time. After the application of the ablation energy has
been completed at the first location, the tip 10 of the ablation
catheter 11 can be moved to a second location on the heart
wall for performing this ablation procedure also at this second
location. The tip 10 of the ablation catheter 11 can then be
moved to further locations for ablating the cardiac tissue also
at these locations.

[0081] The reference image determining unit 36 knows
when energy is applied and when it is not applied and can
therefore distinguish between the pre-object-influence phase,
the object-influence phase and the post-object-influence
phase. The reference image determining unit 36 can therefore
determine the reference image such that it corresponds to a
desired phase, in particular, to the pre-object-influence phase
or the object-influence phase. However, the ablation appara-
tus 1 can be also configured to allow the reference image
determining unit to distinguish between different phases, if
during the movement of the tip 10 of the ablation catheter 11
from one location to another, the application of the ablation
energy is not switched off. In particular, the ablation appara-
tus 1 can comprise a location change signal providing unit 40
being, in this embodiment, a hand grip comprising a push
button for providing a location change signal indicating when
the tip 10 of the ablation catheter 11 has reached a new
location at which the cardiac tissue is to be ablated, wherein
the reference image determining unit can be adapted to deter-
mine the time interval immediately after the tip 10 of the
ablation catheter 11 has reached the new location as the
reference time interval depending on the provided location
change signal and to determine the reference image based on
the part ofthe temporally dependent ultrasound image, which
corresponds to the determined reference time interval. Thus,
the ablation apparatus can also be adapted to be used in an
ablation procedure called “drag-and-ablate”, in which the
physician moves at distinct moments the tip of the ablation
catheter, while ablation power remains to be turned on,
thereby creating overlapping lesions or a so-called “lesion
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line”. In this scenario, where at different times during the
ablation the catheter tip is at different heart wall locations, the
pre-object-influence reference image that belongs to a first
heart wall location looses much of its meaning. Therefore, for
the drag-and-ablate scenario at the moment when during
ablation power delivery the tip of the ablation catheter has just
been moved to a next location, the reference image is updated
with the newest group of A-lines, wherein it is assumed that,
immediately after the tip of the ablation catheter has been
moved to the next position, the cardiac tissue has not already
been substantially influenced such that this newest group of
A-lines immediately, after the catheter tip has reached the
next location, can be regarded as defining a reference image
of the last part of the pre-object-influence phase.

[0082] In order to determine such a reference image, the
reference image determining unit needs to know when the tip
of the ablation catheter is moved and when it halts at a new
location. In the embodiment shown in FIG. 1 the location
change signal providing unit 40 is formed by a hand grip with
a push button, which provides a location change signal indi-
cating when the tip of the ablation catheter has reached a new
location. However, alternatively or in addition, a location
change signal providing unit can be used, which determines
when the tip of the ablation catheter halts at a new position,
after it has been moved, in another way. For instance, the
location change signal providing unit can be a calculation umt
being adapted to determine this information automatically
from the live ultrasound data, i.e. from the current image.
[0083] Referring again to FIG. 1, the ablation apparatus 1
further comprises a position detection system 2 for detecting
the position of the tip 10 of the ablation catheter 11 within the
person 7. In this embodiment the position detection system 2
1s an x-ray fluoroscopy system, in particular, an x-ray C-arm
system. The x-ray fluoroscopy system comprises an x-ray
source 5 for generating x-rays 6 which traverse the person 7
on the table 9, 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 4 for controlling the x-ray source 5 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 42. On the generated
x-ray images the tip 10 of the ablation catheter 11 is visible
within the person 7 such that the x-ray images show the
position of the tip 10 of the ablation catheter 11 within the
person 7. In other embodiments other position detection sys-
tems 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 cet-
era.

[0084] The ablation apparatus further comprises a naviga-
tion unit 39 for allowing the ablation catheter 11, in particular,
the catheter tip 10, to be navigated to adesired location within
the person 7. The navigation unit 39 can be adapted to allow
auser to navigate the ablation catheter 11 completely by hand
or semi-automatically. The ablation catheter 11 comprises
built-in guiding means (not shown in FIG. 1), which can be
controlled by the navigation unit 39. The ablation catheter 11
can, for example, be steered and navigated by the use of
steering wires, in order to guide the catheter tip 10 to a desired
location within the person 7.

[0085] The ultrasound transducers, the ultrasound control
unit, the current image determining unit, the reference image
determining unit, the display, the energy application time
providing unit, the location change signal providing unit, the
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input unit and the physiological signal providing unit are used
for determining and displaying the reference image and the
current image and can therefore be regarded as forming an
ultrasound data visualization apparatus being integrated with
the ablation apparatus. However, the ultrasound data visual-
ization apparatus can also be a separate apparatus as sche-
matically and exemplarily shown in FIG. 12.

[0086] The ultrasound data visualization apparatus 201
comprises an ultrasound image providing unit 202 for pro-
viding a temporally dependent ultrasound image of the object
being, in this embodiment, an M-mode image of cardiac
tissue. The ultrasound image providing unit 202 can be, for
instance, an M-mode image determining unit for determining
an M-mode image based on received ultrasound signals or the
ultrasound image providing unit 202 can just be a receiving
unit for receiving the M-mode image and for providing the
received M-mode image. The ultrasound data visualization
apparatus 201 further comprises an energy application time
providing unit 203 for providing a start time at which the
object-influence phase starts and/or for providing an end
time, at which the object-influence phase ends. Also the
energy application time providing unit 203 can just be a
receiving unit for receiving a signal indicating the start time
and/or the end time from, for instance, an ablation control unit
and for providing the corresponding start time and/or end
time. However, the energy application time providing unit
203 can also be adapted to determine the start time and/or the
end time from the temporally dependent ultrasound image, in
particular, from the provided M-mode image. A location
change signal providing unit 204 is adapted to provide a
location change signal indicating when the tip of the ablation
catheter has reached a new location at which the cardiac tissue
is to be ablated. Also this unit can just be a receiving unit,
wherein in this case the receiving unit is adapted to receive a
location change signal from, for instance, a push button which
can be pushed by a physician when a new location has been
reached. The location change signal providing unit 204 can
also be a calculation unit for determining the location change
signal from the temporally dependent ultrasound image, in
particular, from the provided M-mode image.

[0087] Theultrasound data visualization apparatus can fur-
ther comprise a physiological signal providing unit 205 being
adapted to receive a physiological signal like an electrocar-
diography signal from a corresponding measurement element
and to provide the received physiological signal. The physi-
ological signal providing unit 205 can further be adapted to
process the physiological signal, for instance, to reduce noise
in the physiological signal and to enhance the signal.

[0088] Theultrasound data visualizationapparatus 201 fur-
ther comprises a current image determining unit 206 and a
reference image determining unit 207. The current image
determining unit 206 is adapted to determine a current image
of the object, in this embodiment, of the cardiac tissue, based
on a part of the temporally dependent ultrasound image,
which corresponds to a current time interval, and the refer-
ence image determining unit 207 is adapted to determine a
reference image of the object based on a part of the temporally
dependent ultrasound image, which corresponds to a refer-
ence time interval, wherein the reference time interval and the
current time interval correspond to different phases of the
ablation procedure.

[0089] The ultrasound data visualization apparatus further
comprises an input unit 208 and a display 209. The input unit
208 can be adapted to, for instance, allow a user to input the
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reference time interval, whereas the display 209 is adapted to
simultaneously display the reference image and the current
image.

[0090] In the following an embodiment of an ultrasound
data visualization method for visualizing ultrasound data
showing an object during an interventional procedure will
exemplarily be described with reference to a flowchart shown
in FIG. 13.

[0091] In this embodiment the interventional procedure is
an ablation procedure and the object is cardiac tissue of a
heart wall. In step 301 a temporally dependent ultrasound
image ofthe cardiac tissue is provided by an ultrasound image
providing unit. In this embodiment an M-mode image of the
cardiac tissue is provided. In step 302 a reference image of the
cardiac tissue is determined based on a part of the M-mode
image, which corresponds to a reference time interval. For
instance, in step 302 a reference time interval within a pre-
object-influence phase and a corresponding reference image
can be determined. In step 303 a current image of the cardiac
tissue is determined based on a part of the M-mode image,
which corresponds to a current time interval. The current time
interval is in another phase of the ablation procedure than the
reference time interval. For instance, the current time interval
1s within the object-influence phase. The length of the refer-
ence time interval and the current time interval can be defined
by the temporal length of the respective regions on the dis-
play. In step 304 the reference image and the current image
are simultaneously shown on the display. In step 305 the
M-mode image, i.e. the corresponding A-lines, is further pro-
vided for updating the current image in step 303. Thus, steps
303, 304 and 305 are preferentially performed in a loop such
that the current image is continuously updated in a wrapping
fashion as known from conventional M-mode images.
[0092] Although in above described embodiments the
interventional procedure is an ablation procedure, in other
embodiments the ultrasound data visualization apparatus can
also be adapted to visualize ultrasound data showing an object
during another interventional procedure having different
phases, wherein reference and current images corresponding
to different phases can be displayed simultaneously.

[0093] Although in above described embodiments cardiac
tissue has been influenced by applying energy to the cardiac
tissue, wherein the application of energy to the cardiac tissue
is monitored by using the ultrasound data visualization appa-
ratus, in other embodiments the ultrasound data visualization
apparatus can also be adapted to visualize ultrasound data of
another object, for instance, of another part of a living being
like another organ to which an interventional procedure is
applied.

[0094] 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 draw-
ings, the disclosure, and the appended claims.

[0095] 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.

[0096] 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.

[0097] Procedures like the determination of the current
image, the determination of the reference image, the deter-
mination of a processed image, et cetera performed by one or
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several units or devices can be performed by any other num-
ber 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 imple-
mented as program code means of acomputer program and/or
as dedicated hardware.

[0098] 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.

[0099] Any reference signs in the claims should not be
construed as limiting the scope.

[0100] The invention relates to an ultrasound data visual-
ization apparatus for visualizing ultrasound data showing an
object during an interventional procedure. A reference image
and a current image of the object are simultaneously dis-
played, wherein the current image corresponds to a current
time interval and the reference image corresponds to a refer-
ence time interval and wherein the current time interval and
the reference time interval correspond to different phases of
the interventional procedure. The current image can be shown
therefore with, for instance, a relatively high temporal reso-
lution for allowing a user to observe detailed object changes,
which may be caused by the interventional procedure, while
an overview over different phases of the interventional pro-
cedure can still be provided, because also the reference image
is displayed and can be used by a user for comparing the
current image with the reference image.

1. An ultrasound data visualization apparatus for visualiz-
ing ultrasound data showing an object during an interven-
tional procedure, the ultrasound data visualization apparatus
comprising:

an ultrasound image providing unit for providing a tempo-
rally dependent ultrasound image of the object,

a current image determining unit for determining a current
image of the object based on a part of the temporally
dependent ultrasound image, which corresponds to a
current time interval,

a reference image determining unit for determining a ref-
erence image of the object based on a part of the tempo-
rally dependent ultrasound image, which corresponds to
a reference time interval, wherein the reference time
interval and the current time interval correspond to dif-
ferent phases of the interventional procedure,

a display for simultaneously displaying the reference
image and the current image,

wherein the interventional procedure includes an object-
influence phase during which the object is influenced at
alocation on the object by applying energy to the object
by using an energy application element, a pre-object-
influence phase and a post-object-influence phases,
wherein the reference time interval and the current time
interval correspond different of these phases, and

wherein the ultrasound visualization apparatus comprises
an energy application time providing unit for providing
a start time at which the object-influence phase starts,
wherein the reference image determining unit is adapted
to determine the reference time interval depending on
the provided start time and to determine the reference
image based on the part of the temporally dependent
ultrasound image which corresponds to the determined
reference time interval.
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2. (canceled)

3. (canceled)

4. Theultrasound data visualization apparatus as defined in
claim 1, wherein the ultrasound visualization apparatus com-
prises an energy application time providing unit for providing
an end time at which the object-influence phase ends, wherein
the reference image determining unit is adapted to determine
the reference time interval depending on the provided end
time and to determine the reference image based on the part of
the temporally dependent ultrasound image, which corre-
sponds to the determined reference time interval.

5. The ultrasound data visualization apparatus as defined in
claim 1, wherein during the interventional procedure the
energy application element is moved to different locations on
the object for influencing the object at the different locations,
wherein the ultrasound data visualization apparatus further
comprises a location change signal providing unit for provid-
ing a location change signal indicating when the energy appli-
cation element has reached a new location at which the object
is to be influenced, wherein the reference image determining
unit is adapted to determine the time interval immediately
after the energy application element has reached the new
location as the reference time interval in the pre-object-influ-
ence phase depending on the provided location change signal
and to determine the reference image based on the part of the
temporally dependent ultrasound image, which corresponds
to the determined reference time interval.

6. The ultrasound data visualization apparatus as defined in
claim 1, wherein the ultrasound data visualization apparatus
further comprises an input unit for allowing a user to input the
reference time interval, wherein the reference image deter-
mining unit is adapted to determine the reference image based
on the part of the temporally dependent ultrasound image,
which corresponds to the determined reference time interval.

7. The ultrasound data visualization apparatus as defined in
claim 1, wherein the ultrasound data visualization apparatus
further comprises a physiological signal providing unit for
providing a temporally dependent physiological signal cor-
responding to the reference and current time intervals,
wherein the current image determining unit and the reference
image determining unit are adapted to determine temporally
dependent current and reference images, wherein the display
is adapted to simultaneously display the provided physiologi-
cal signal and the current and reference images, wherein the
provided physiological signal and the current and reference
images are temporally aligned on the display.

8. Theultrasound data visualization apparatus as defined in
claim 1, wherein the ultrasound image providing unit and the
current image determining unit are adapted to provide the
current image in realtime.

9. The ultrasound data visualization apparatus as defined in
claim 1, wherein the ultrasound image providing unit is
adapted to provide an M-mode image as the temporally
dependent ultrasound image of the object.

10. The ultrasound data visualization apparatus as defined
in claim 1, wherein the current time interval and the reference
time interval are smaller than the temporal distance between
the current time interval and the reference time interval.

11. The ultrasound data visualization apparatus as defined
in claim 1, wherein the current image determining unit is
adapted to determine the current image as a part of the pro-
vided temporally dependent ultrasound image or of a pro-
cessed image obtained by processing the provided temporally
dependent ultrasound image, which corresponds to the cur-
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rent time interval, as the current image, wherein the reference
image determining unit is adapted to determine the reference
image as a part of the provided temporally dependent ultra-
sound image or of the process image, which corresponds to
the reference time interval, as the reference image.

12. The ultrasound data visualization apparatus as defined
in claim 1, wherein the processed image is i) a motion image,
ii) a strain image, iii) a gated image, if the object is a repeti-
tively moving object, or iv) a likelihood image indicating the
likelihood that a certain image element represents a certain
part of the object.

13. An interventional apparatus for performing an inter-
ventional procedure with respect to an object, wherein the
interventional apparatus comprises:

an interventional element for performing the interventional

procedure with respect to the object,

an ultrasound data visualization apparatus for visualizing

ultrasound data of the object as defined in claim 1.
14. An ultrasound data visualization method for visualiz-
ing ultrasound data showing an object during an interven-
tional procedure, the ultrasound data visualization method
comptrising:
providing a temporally dependent ultrasound image of the
object by an ultrasound image providing unit,

determining a current image of the object based ona part of
the temporally dependent ultrasound image, which cor-
responds to a current time interval, by a current image
determining unit,

determining a reference image of the object based on a part

of the temporally dependent ultrasound image, which
corresponds to a reference time interval, wherein the
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reference time interval and the current time interval cor-
respond to different phases of the interventional proce-
dure, by a reference image determining unit,

simultaneously displaying the reference image and the cur-
rent image by a display,

wherein the interventional procedure includes an object-
influence phase during which the object is influenced at
alocation on the object by applying energy to the object
by using an energy application element, a pre-object-
influence phase and a post-object-influence phase,
wherein the reference time interval and the current time
interval correspond different of these phases, and
wherein the method comprises

providing a start time at which the object influence phase
starts and determining the reference time interval
depending on the provided start time and to determine
the reference image based on the part of the temporally
dependent ultrasound image, which corresponds to the
determined reference time interval.

15. A ultrasound data visualization computer program for
visualizing ultrasound data showing an object during an inter-
ventional procedure, the computer program comprising pro-
gram code means for causing an ultrasound data visualization
apparatus defined in claim 1 to carry out the steps of the
ultrasound data visualization method, when the computer
program is run on a computer controlling the ultrasound data
visualization apparatus.
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