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FILTERING APPARATUS FOR FILTERING
AN ULTRASOUND SIGNAL

FIELD OF THE INVENTION

[0001] The invention relates to a filtering apparatus, a fil-
tering method and a filtering computer program for filtering
an ultrasound signal. The invention relates further to an ultra-
sound sensing apparatus, an ultrasound sensing method and
an ultrasound sensing computer program for sensing an
object.

BACKGROUND OF THE INVENTION

[0002] U.S. Pat. No. 5,409,000 discloses an ablation cath-
eter with an ultrasound transducer and an ablation electrode.
Ultrasound waves are coupled into cardiac tissue and ultra-
sound echoes, which return from the cardiac tissue, are picked
up by the ultrasound transducer and visualized on a screen. A
physician performing an ablation procedure can observe the
resulting ultrasound image on the screen, in order to perform
the ablation procedure depending on the ultrasound image.
The ablation procedure is performed by applying radio fre-
quency (RF) current to an ablation electrode located at the tip
of the ablation catheter.

[0003] A disadvantage of RF ablation together with ultra-
sound imaging inside the same catheter is the capacitive and/
or conductive coupling of the RF signal onto the ultrasound
signal generated by the ultrasound transducer and used for
forming the ultrasound image. This reduces the quality of the
ultrasound signal and, thus, of the ultrasound image used for
monitoring the ablation procedure.

SUMMARY OF THE INVENTION

[0004] It is an object of the present invention to provide a
filtering apparatus, a filtering method and a filtering computer
program for filtering an ultrasound signal, wherein the influ-
ence of an electrical unit like an RF ablation electrode can be
reduced. It is a further object of the present invention to
provide an ultrasound sensing apparatus for sensing an
object, which comprises the filtering apparatus, and a corre-
sponding ultrasound sensing method and ultrasound sensing
computer program for sensing an object.

[0005] In a first aspect of the present invention a filtering
apparatus for filtering an ultrasound signal is presented,
wherein the ultrasound signal is influenced by an electrical
unit and comprises a first part comprising information about
an object from which the ultrasound signal has been received
and a second part not comprising information about the
object, wherein the filtering apparatus comprises:

[0006] a correction signal determination unit for deter-
mining a correction signal being indicative of the influ-
ence of the electrical unit on the ultrasound signal from
the second part of the ultrasound signal,

[0007] acorrection unit for correcting the first part of the
ultrasound signal based on the determined correction
signal for filtering the influence of the electrical unit out
of the ultrasound signal.

[0008] Since the correction signal determination unit deter-
mines a correction signal being indicative of the influence of
the electrical unit, which is, for example, an RF ablation
electrode, on the ultrasound signal from the second part,
which does not comprise information about the object, the
correction signal is caused by, for example, unwanted effects
like capacitive and/or conductive coupling of an electrical
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signal from the electrical unit onto the ultrasound signal. The
first part of the ultrasound signal comprises both, information
about the object and information about unwanted effects like
the capacitive and/or conductive coupling. By correcting the
first part of the ultrasound signal based on the determined
correction signal for filtering the influence of the electrical
unit out of the ultrasound signal, the desired information
about the object is more pronounced and easier retrievable
from the first part of the ultrasound signal. The quality of the
ultrasound signal is therefore improved.

[0009] Preferentially, the electrical unit is an electrode for
applying electrical energy, in particular, RF energy, to the
object, wherein the influence on the ultrasound signal is
caused by capacitive and/or conductive coupling. In a pre-
ferred embodiment, the electrical unit is an RF ablation elec-
trode. The object is preferentially a heart of a person or of an
animal, in particular, a heart wall, and the information about
the object, which is comprised by the ultrasound signal, is
preferentially information about the cardiac tissue.

[0010] The ultrasound signal is preferentially an A-line
signal, wherein the first part of the A-line comprises informa-
tion about the object and the second part of the A-line does not
comprise information about the object.

It is preferred that the correction unit is adapted to subtract the
determined correction signal from the first part of the ultra-
sound signal for correcting the first part of the ultrasound
signal.

[0011] Tt is further preferred that the filtering apparatus
comprises a fundamental frequency providing unit for pro-
viding a fundamental frequency of the influence by the elec-
trical unit, wherein the correction signal determination unit is
adapted to determine a sub-part of the second part of the
ultrasound signal, which corresponds to at least one cycle of
the influence by the electrical unit, depending on the provided
fundamental frequency, and to determine the correction sig-
nal depending on the determined sub-part of the second part
of the ultrasound signal, and wherein the correction unit is
adapted to subtract the correction signal from the first part of
the ultrasound signal for correcting the first part. Such a
correction of the first part of the ultrasound signal further
improves the quality of correcting the first part. For example,
a sequence of the determined sub-parts of the second part of
the ultrasound signal can be determined as the correction
signal.

[0012] In a preferred embodiment the fundamental fre-
quency providing unit is adapted to determine the fundamen-
tal frequency by cross correlating two consecutive sub-parts
of the second part of the ultrasound signal. In particular, the
fundamental frequency providing unit is preferentially
adapted to fit a parabolic function to the cross correlation and
to determine the fundamental frequency depending on the
maximum of the fitted parabolic function. This allows deter-
mining the fundamental frequency for the current ultrasound
signal, in particular, for the current A-line, in a relatively
simple way. In another embodiment, the fundamental fre-
quency providing unit can be adapted to receive the funda-
mental frequency from the control unit for controlling the
electrical unit and to provide the received fundamental fre-
quency to the correction signal determination unit.

[0013] In a preferred embodiment the correction signal
determination unit is adapted to upsample the sub-part of the
second part. Preferentially, the correction signal determina-
tion unit is adapted to upsample the sub-part of the second
part by a factor of two. It is further preferred that the correc-
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tion signal determination unit is adapted to apply an infinite
impulse response (IIR) filter to the upsampled sub-part of the
second part. In particular, the correction signal determination
unit is adapted to apply a bi-reciprocal IIR filter to the
upsampled sub-part of the second part.

[0014] It is preferred that the correction signal determina-
tion unit is adapted to perform following steps several times:
a) upsampling the sub-part of the second part by a factor of
two, and b) applying an IIR filter to the upsampled sub-part of
the second part. The upsampling and the application of the IIR
filter is preferentially performed four times, but can also be
performed more than four times. The upsampling of the sub-
part of the second part and the application of, for example, a
bi-reciprocal IIR filter allows generating an upsampled sub-
part of the second part such that aliasing does not occur and
the sub-part of the second part is unaffected. The preferred
factor of two per upsampling step allows an easy implemen-
tation on digital signal processors, which can be useful when
integrating the calculations on-chip.

[0015] It is further preferred that a time dependent ampli-
fication has been applied to the ultrasound signal, wherein the
correction signal determination unit is adapted to apply the
time dependent amplification also to the correction signal.
The time-dependent amplification (time-gain-control or
TGC) allows compensating for losses in the intensity of ultra-
sound pulses due to attenuation within the object. This com-
pensation improves the quality of the ultrasound signal and,
thus, of the finally filtered ultrasound signal, which may be
used, for example, for monitoring an ablation procedure, in
particular, for determining an ablation depth within the
ablated object.

[0016] In a further aspect of the present invention an ultra-
sound sensing apparatus for sensing an object is presented,
wherein the ultrasound sensing apparatus comprises:

[0017] acatheter including an ultrasound unit for gener-
ating an ultrasound signal depending on ultrasound
waves received from the object and a further unit being
an electrical unit, wherein the ultrasound unit and the
electrical unit are adapted to operate simultaneously,
wherein the generated ultrasound signal is influenced by
the electrical unit and includes a first part comprising
information about the object from which the ultrasound
signal has been received and a second part not compris-
ing information about the object,

[0018] a filtering apparatus as defined in claim 1,
wherein the correction signal determination unit is
adapted to determine a correction signal being indicative
of the influence of the electrical unit on the generated
ultrasound signal from the second part of the ultrasound
signal and wherein the correction unit is adapted to
correct the first part of the ultrasound signal based on the
determined correction signal for filtering the influence
of'the electrical unit out of the first part of the ultrasound
signal.

[0019] Ina further aspect of the present invention a filtering
method for filtering an ultrasound signal is presented, the
ultrasound signal being influenced by an electrical unit and
comprising a first part comprising information about an
object from which the ultrasound signal has been received
and a second part not comprising information about the
object, wherein the filtering method comprises:

[0020] determining a correction signal being indicative
of the influence of the electrical unit on the ultrasound
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signal from the second part of the ultrasound signal by a
correction signal determination unit,

[0021] correcting the first part of the ultrasound signal
based on the determined correction signal for filtering
the influence of the electrical unit out of the ultrasound
signal by a correction unit.

[0022] In a further aspect of the present invention an ultra-
sound sensing method for sensing an object is presented,
wherein the ultrasound sensing method comprises:

[0023] generating an ultrasound signal depending on
ultrasound waves received from the object by an ultra-
sound unit, wherein the ultrasound unit and a further unit
being an electrical unit are included in a catheter,
wherein the ultrasound unit and the electrical unit oper-
ate simultaneously and wherein the generated ultra-
sound signal is influenced by the electrical unit and
includes a first part comprising information about the
object from which the ultrasound signal has been
received and a second part not comprising information
about the object,

[0024] the filtering steps of the filtering method as
defined in claim 12, wherein the correction signal deter-
mination unit determines a correction signal being
indicative of the influence of the electrical unit on the
generated ultrasound signal from the second part of the
ultrasound signal and wherein the correction unit cor-
rects the first part of the ultrasound signal based on the
determined correction signal for filtering the influence
of the electrical unit out of the first part of the ultrasound
signal.

[0025] Ina further aspect of the present invention a filtering
computer program for filtering an ultrasound signal is pre-
sented, wherein the filtering computer program comprises
program code means for causing a filtering apparatus as
defined in claim 1 to carry out the steps of the filtering method
as defined in claim 12, when the filtering computer program is
run on a computer controlling the filtering apparatus.

[0026] In a further aspect of the present invention an ultra-
sound sensing computer program for sensing an object is
presented, wherein the ultrasound sensing computer program
comprises program code means for causing an ultrasound
sensing apparatus as defined in claim 10 to carry out the steps
oftheultrasound sensing method as defined in claim 13, when
the ultrasound sensing computer program is run on a com-
puter controlling the ultrasound sensing apparatus.

[0027] It shall be understood that the filtering apparatus of
claim 1, the ultrasound sensing apparatus of claim 10, the
filtering method of claim 12, the ultrasound sensing method
of claim 13, the filtering computer program of claim 14 and
the ultrasound sensing computer program of claim 15 have
similar and/or identical preferred embodiments as defined in
the dependent claims.

[0028] It shall be understood that a preferred embodiment
ofthe invention can also be any combination of the dependent
claims with the respective independent claim.

[0029] 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

[0030] In the following drawings:

[0031] FIG. 1 shows schematically and exemplarily an
embodiment of an ultrasound sensing apparatus for sensing
an object,
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[0032] FIG. 2 shows schematically and exemplarily a tip of
a catheter of the ultrasound sensing apparatus,

[0033] FIG. 3 shows schematically and exemplarily a
dependence of ultrasound energy depending on tissue depth
and a corresponding ultrasound signal,

[0034] FIG. 4 shows schematically and exemplarily an
unfiltered A-line,

[0035] FIG. 5 illustrates the effect of upsampling and fil-
tering,

[0036] FIG. 6 shows schematically and exemplarily a cor-
rection signal,

[0037] FIG. 7 shows schematically and exemplarily a cor-
rected A-line,

[0038] FIG. 8 shows an ultrasound M-mode image com-
prised of non-corrected A-lines,

[0039] FIG. 9 shows an ultrasound M-image comprised of
corrected A-lines,

[0040] FIG. 10 shows a flowchart exemplarily illustrating
an embodiment of a filtering method for filtering an ultra-
sound signal, and

[0041] FIG. 11 shows a flowchart exemplarily illustrating
an embodiment of an ultrasound sensing method for sensing
an object.

DETAILED DESCRIPTION OF EMBODIMENTS

[0042] FIG. 1 shows schematically and exemplarily an
ultrasound sensing apparatus 1 for sensing an object 4. In this
embodiment, the object 4 is a heart of a person 13 located on
atable 60. In particular, the object is cardiac tissue of a wall of
the heart 4. The ultrasound sensing apparatus 1 comprises a
catheter 12 with a catheter tip 40, which is schematically and
exemplarily shown in more detail in FIG. 2.

[0043] The catheter tip 40 comprises an ultrasound unit 32
for generating an ultrasound signal depending on ultrasound
waves received from the object 4. The catheter tip 40 further
comprises a further unit 31 being an electrical unit. The elec-
trical unit 31 is adapted to apply electrical energy to the
cardiac tissue.

[0044] The ultrasound unit 32 is controlled by an ultra-
sound control unit 5, wherein the ultrasound unit 32 and the
ultrasound control unit 5 are adapted to send out ultrasound
pulses into the cardiac tissue, to receive dynamic echo series
after the ultrasound pulses have been reflected by the cardiac
tissue and to generate an ultrasound signal depending on the
received dynamic echo series. The ultrasound unit 32 is con-
nected with the ultrasound control unit 5 via an electrical
connection 23.

[0045] The electrical energy application unit 31 is an abla-
tion electrode for applying electrical RF energy to the cardiac
tissue, wherein the ablation electrode 31 is connected with a
sub-control unit 6 via an electrical connection 41 being, for
example, a cable for controlling the ablation electrode 31. The
ablation electrode 31 is a cap electrode provided at the tip 40
of'the catheter 12 and comprises a frontal, central opening 42
for allowing the ultrasound unit 32 to sense the cardiac tissue
through the opening 42.

[0046] The sub-control unit 6 and the ultrasound control
unit 5 are integrated in a control unit 7. In other embodiments,
the control units can be separate control units. Furthermore,
the sub-control unit 6 is preferentially further adapted to
control a steering of the catheter tip 40 and/or an irrigation. In
this case, the catheter further comprises a steering element
and/or an irrigation element, respectively, which are not
shown in FIG. 1 and FIG. 2. The different control functions
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can be performed by any number of control units, for
example, by a single control unit or by two or more than two
control units.

[0047] The control unit 7 is adapted to operate the ultra-
sound unit 32 and the electrical unit 31 simultaneously,
wherein the generated ultrasound signal is influenced by the
electrical unit 31, i.e., in this embodiment, by the application
of the RF energy. The generated ultrasound signal 19 is sche-
matically and exemplarily shown in FIG. 3.

[0048] FIG. 3 shows in the upper part schematically and
exemplarily the ultrasound energy E depending on the tissue
depth d. The lower part of FIG. 3 shows the generated ultra-
sound signal 19. In particular, the ultrasound signal 19 shown
in the lower part of FIG. 3 is an A-line, wherein the amplitude
is shown depending on the tissue depth d. The ultrasound
energy E decreases with increasing tissue depth d because of
the absorption and scattering by the cardiac tissue. The first
part A of the ultrasound signal 19 corresponds to an ultra-
sound energy E, which is larger than 0. The first part A
comprises therefore information about the cardiac tissue from
which the ultrasound signal 19 has been received. The second
part B of the ultrasound signal 19 corresponds to an ultra-
sound energy E being substantially 0. The second part B of the
ultrasound signal 19 does therefore not comprise information
about the object. In this example, the first part A comprises
tissue information, which is shadowed by RF interference,
and the second part B does not comprise tissue information
due to absorption and scattering of ultrasound energy, and
only RF interference is visible in the second part B. To both
parts of the ultrasound signal 19 a time-dependent amplifica-
tion has been applied (TGC). The first part 43 of the ultra-
sound signal 19 is caused by transducer ring down.

[0049] The ultrasound sensing apparatus 1 further com-
prises a filtering apparatus 15 for filtering the generated ultra-
sound signal 19. The filtering apparatus 15 comprises a fun-
damental frequency providing unit 16 for providing a
fundamental frequency of the influence by the RF ablation
electrode 31. In this embodiment, the fundamental frequency
providing unit 16 is adapted to determine the fundamental
frequency by cross-correlating two consecutive sub-parts of
the second part B of the ultrasound signal 19. Preferentially,
the fundamental frequency providing unit 16 is adapted to fit
a parabolic function to the cross-correlation and to determine
the fundamental frequency depending on the maximum of the
fitted parabolic function. This will in the following be
described in more detail.

[0050] It is assumed that the ultrasound signal comprises
several samples S,, wherein a first sub-part X can be defined
by following equation:

le.si...jJ’ @

wherein 1 denotes the first sample of the second part B of the
ultrasound signal, which may be, in this example, 3000
(i=3000) and wherein

J=i+N. @)

[0051] The variable N is chosen such that it comprises at
least one full RF cycle, which is defined by the sub-control
unit 6, in particular, by an RF generator of the sub-control unit
6, to be 460 kHz+20 kHz, in this embodiment. Moreover, in
this embodiment the ultrasound signal is acquired at a fre-
quency of 200 MHz. Thus, N=454 (200 MHz divided by 440
kHz) samples include one RF cycle. The variables can there-
fore be defined as i=3000 and j=3454. Of course, if in another
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example the RF specified by the RF generator is different, the
number of samples including a full RF cycle will change
accordingly.

[0052] A second consecutive sub-part of the second part B
ofthe ultrasound signal can be defined by following equation:

Y=[S;...] ©)

with

k=j+1 “)

and

1=k+N. ®
[0053] The consecutive sub-parts X and Y are cross-corre-

lated, a parabolic fit equation is fitted to the resulting cross-
correlation and the maximum of the parabolic fit equation
defines the fundamental frequency.

[0054] In other words, for each A-line a fundamental RF
frequency can be extracted by cross-correlation of two con-
secutiveparts X=[S, ,5- 1 ,_p-,]andY=[S, , ], wherein
the window size W is optimized to contain at least one full
period of RF interference. Pre-knowledge about the fre-
quency and about the frequency band of RF, which may be
obtainable from the specification of the RF generator, can
improve the speed of the cross-correlation calculation,
because an adequate window size can be determined as
described above. The variable t is preferentially chosen such
that t-2W defines a sample representing RF interference only
and no tissue reflections.

[0055] In a further embodiment, the sub-parts defined in
equations (1) and (3) can be upsampled and the upsampled
sub-parts can be cross correlated. In this case, the fundamen-
tal RF frequency is preferentially determined directly from
the cross correlation, without performing a parabolic fit.
[0056] The filtering apparatus 15 further comprises a cor-
rection signal determination unit 17 for determining a correc-
tion signal being indicative of the influence of the electrical
unit 31 on the ultrasound signal 19 from the second part B of
the ultrasound signal 19. In particular, the correction signal
determination unit 17 is adapted to determine a sub-part of the
second part of the ultrasound signal, which corresponds to at
least one cycle of the influence by the electrical unit 31,
depending on the provided fundamental frequency, and to
determine a sequence of the determined sub-parts of the sec-
ond part of the ultrasound signal as the correction signal. A
sub-part of the second part can be regarded as a template RF
pattern from the A-line. This template RF pattern is chosen
such that it is surely in aregion of the A-line, in which only RF
interference is present without tissue reflections. For
example, for an ultrasound center frequency of 20 MHz the
template RF pattern may be chosen at a relatively high tissue
depth being larger than, for example, 15 mm.

[0057] The correction signal determination unit 16 is pref-
erentially further adapted to upsample the template RF pat-
tern by a factor of two and to apply a bi-reciprocal IIR filter,
which is an interpolation filter, to the upsampled template RF
pattern. This upsampling and filtering with the bi-reciprocal
IIR filter is preferentially performed several times, in particu-
lar, four times. The upsampling is preferentially performed by
inserting a 0 between each pair of samples of the template RF
pattern, i.e. of the template RF pattern. The bi-reciprocal IIR
filtering, also known as half-band recursive filtering or Mth-
band recursive filtering, is disclosed in, for example, “Effi-
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ciency in multirate and complex digital signal processing”, A.
W. M. van den Enden, ISBN 90-6674-650-5, Chapter 7.1,
which is herewith incorporated by reference.

[0058] The bi-reciprocal IIR filter is adapted in such a way
that aliasing does not occur and the template RF pattern is
unaffected. The upsampling by a factor of two in a single
upsampling step followed by the filtering is preferred,
because it is easy to implement on Digital Signal Processors
(DSPs), which can be very useful when integrating on-chip.
In another embodiment, the upsampling can also be per-
formed by another factor and/or another interpolation filter
can be used.

[0059] Intheabove described example with the sampling at
200 MHz, a complete RF cycle has 454 samples, if an RF
frequency of 460 kHz+/-20kHz is assumed. However, the RF
frequency and its harmonics can change during ablation. This
change is not necessarily an integer number of samples, i.e.,
for example, the RF frequency can change from 460,000.000
Hz to 460,000.005 Hz within two consecutive RF cycles
inside a single A-line. The template may therefore not exactly
match a respective sub-part of the part A, if the correction
signal is used for correcting the first part A. In order to
improve the matching accuracy, a fractional shift in samples
could therefore be provided. However, if an upsampling is
performed with an upsampling factor of, for example, 16 as
described above, the resolution is increased to 0.0625
samples, i.e., if before upsampling the distance between con-
secutive samples was one, this distance is now 0.0625. It has
been found that this resolution is enough to compensate for
the RF frequency change within a single A-line.

[0060] The correction signal determination unit 17 can fur-
ther be adapted to recalculate the RF fundamental frequency
to a fractional frequency in samples. For example, if the
location of the maximum of the polynomially interpolated
correlation is known from the above described fitting proce-
dure, the RF fundamental frequency for the respective A-line
is known. The recalculation can be performed such that the
determined RF fundamental frequency fits to the upsampling
by the factor of preferentially 16, which was achieved as
described above by performing the upsampling by a factor of
two four times. The RF fundamental frequency can be recal-
culated to the nearest sample, i.e. the RF fundamental fre-
quency can be rounded to the nearest sample. For example, if
the determined RF fundamental frequency is 454.05 samples,
it can be recalculated to 454.0625 samples.

[0061] The ultrasound unit control unit 5 is preferentially
adapted to apply a time dependent amplification to the ultra-
sound signal. The correction signal determination unit 17 is
therefore preferentially adapted to apply the same time
dependent amplification to the correction signal. The correc-
tion signal determination unit 17 is therefore preferentially
adapted to compensate the correction signal, i.e. the
upsampled and filtered template RF patterns, for amplitude
modification.

[0062] The filtering apparatus 15 further comprises a cor-
rection unit 17 for correcting the first part A of the ultrasound
signal 19 based on the determined correction signal for filter-
ing the influence of the electrical unit 31 out of the ultrasound
signal 19. In particular, the correction unit 17 is adapted to
subtract the determined correction signal from the first part A
of the ultrasound signal 19.
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[0063] The subtraction of the correction signal, i.e. the
sequence of upsampled template RF patterns, from the first
part A of the ultrasound signal 19 can be described by follow-
ing equation:

Cikm... i—R(m— %MM =0, pm. .. i—R(m—1 )SubA‘T delay:U:

UR+delay™™® (6)
with
delay=Um(R-|R ) (7

[0064] Inequation(6)C,_z,, i R(m_l)s“bA denotes a cor-
rected sub-part of the first part A comprising the samples
defined byi-Rm . ..i-R(m-1), wherein R is the fundamental
RF frequency after the floor function has been applied to the
fundamental RF frequency, m varies from 0 to /R, and i
denotes the first beginning of the second part B as defined
above with reference to equation (1). Moreover, O, ,,,
~R(m-1"*"* denotes the sub-part of the first part A before
being corrected, and T ;... 0-.0z. deZayS“bB denotes samples of
the upsampled and filtered template RF patterns forming the
correction signal. The samples of the upsampled and filtered
template RF pattern are defined by delay:U:UR+delay, i.e. by

delay, delay+U, delay+2U, . . ., UR+delay,

wherein U denotes the total upsampling factor, which is, in
the above described example with four times upsampling
with a factor of two, 16. Thus, from the template RF pattern
T getay-vvme delayS“bB only each U-th sample is taken, because
of the total upsampling factor U.

[0065] Thus, the correction signal is subtracted from the
original A-line data containing both, ultrasound tissue reflec-
tion and RF interference.

[0066] FIG. 4 shows schematically and exemplarily a
single A-line with RF interference. FIG. 5 shows schemati-
cally and exemplarily a sub-part of the second part B for
illustrating the upsampling and filtering. The original samples
are indicated by the circles, and the upsampled samples are
indicated by crosses. The sub-part shown in FIG. 4 comprises
about 2000/16 samples with respect to the original sampling,
if the total upsampling factor is 16, so about a quarter of the
template having 454 samples with respect to the original
sampling in the above described embodiment. In FIG. 5, the
high amplitude between 2000 and 3000 is half of the actual
RF interference cycle. Whereas RF interference occurs at
zero crossings, and the RF cycle is a sine, there are two
almost, but not identical RF interferences per RF cycle.

[0067] FIG. 6 shows schematically and exemplarily a
reconstructed RF interference pattern, i.e. a sequence of RF
templates matching the A-line, which can be subtracted from
the A-line. The formation of the sequence of RF templates and
the subtraction is preferentially only performed for the first
part A of the ultrasound signal. A single template RF pattern
is indicated by box 45. The consecutive patterns forming the
correction signal shown in FIG. 6 vary, because different
samples of the upsampled template RF patterns are used for
the subtraction in accordance with equation (6).

[0068] The correction signal is subtracted at each point in
time in the A-line, at least in the first part A of the A-line,
where RF interference is occurring. The resulting A-lines can
be stuck together to form an M-mode ultrasound image. FIG.
8 shows such an M-mode ultrasound image without perform-
ing the above described correction and FIG. 9 shows the
M-mode ultrasound image after having performed the correc-
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tion. As can be clearly seen, RF interference is reduced in the
M-mode ultrasound image shown in FIG. 9.

[0069] Referring again to FIG. 1, the ultrasound sensing
apparatus 1 further comprises an object influence determina-
tion unit 103 for determining the influence of the energy
application on the object 4 depending on the ultrasound sens-
ing of the object 4. In particular, the energy application unit 31
is adapted to ablate the object 4, wherein the object influence
determination unit 103 is adapted to determine an ablation
depth, which may also be regarded as being a lesion bound-
ary, depending on the ultrasound sensing of the object 4. The
object influence determination unit 103 is therefore adapted
to receive an ultrasound signal from the ultrasound unit 5 and
to determine the ablation depth depending on the received
ultrasound signal. The determination of the ablation depth
and also of a heart wall thickness based on an M-mode ultra-
sound image is described in, for example, WO 2010/082146
Al, which is herewith incorporated by reference. For
example, the object influence determination unit 103 can be
adapted to determine the position of a front surface and aback
surface of the heart wall from the ultrasound signal and to
determine the thickness of the heart wall depending on these
positions, i.e. the corresponding depth positions can be sub-
tracted from each other to determine the thickness of the heart
wall.

[0070] The sub-control unit 6 is preferentially adapted to
control the ablation electrode 31 depending on the ablation
depth determined by the object influence determination unit
103. For example, the power and/or duration of applying
ablation energy to the object 4 are controlled depending on
the determined ablation depth. In particular, the object influ-
ence determination unit 103 can be adapted to determine the
thickness of the heart wall, and the sub-control unit 6 can then
be adapted to control the ablation electrode 31 depending on
this determined thickness and the determined ablation depth.
Preferentially, the sub-control unit 6 is adapted to ablate the
heart wall tissue until a desired degree of transmurality of the
heart wall tissue is reached, in particular, until the resulting
lesion is transmural.

[0071] Preferentially, the ultrasound sensing apparatus 1 is
adapted to determine the thickness of the heart wall and the
ablation depth repeatedly, wherein the ablation depth deter-
mination unit 103 is adapted to determine repeatedly a degree
of transmurality of ablation from the determined thickness
and the determined ablation depth. In particular, the ultra-
sound sensing apparatus 1 is adapted to terminate an ablation
procedure, if a predetermined degree of transmurality of abla-
tion has been reached.

[0072] The ultrasound sensing apparatus 1 further com-
prises a visualization unit 20 for visualizing the ablation
depth. In particular, the visualization unit 20 is adapted for
visualizing the progression of a lesion boundary. The visual-
ization is preferentially performed in real-time. The visual-
ization unit 20 is preferentially adapted to show the ultra-
sound signal, the progression of ablation, i.e. the lesion
boundary, and the front and back surface positions.

[0073] The ultrasound sensing apparatus 1 is preferentially
used in combination with a system for determining the posi-
tion and/or orientation of the catheter 12, in particular, within
the object 4, preferably, within a heart of a human being or an
animal. In this embodiment, an imaging system like a mag-
netic resonance image system or an X-ray fluoroscopy system
is used for determining the position and/or orientation of the
catheter. This imaging system is indicated by the broken line
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8 shown in FIG. 1. The catheter 12, in particular, the catheter
tip can comprise elements for facilitating the determination of
the orientation and/or position of the catheter by using the
imaging system 8. For example, the catheter tip can comprise
a tracking coil, if the catheter tip is used within a magnetic
resonance imaging system, or elements that can be identified
on an X-ray image and that are shaped such that a determi-
nation of the position and/or orientation of the catheter by
using an X-ray fluoroscopy system is possible. The catheter
tip can also comprise a location sensor for determining the
position and/or orientation of the catheter 12, in particular, of
the catheter tip within the object 4.

[0074] The positioning systems allows a user to position
the catheter 12 within the heart, or more specifically, in the
left atrium, of a patient. The user can position the catheter 12
in the correct position with respect to the heart wall to mea-
sure the wall thickness using the ultrasound signal generated
by the ultrasound unit 11 and the object influence determina-
tionunit 103. By using the determined position of the catheter
it is possible to display the thickness of the heart wall in an
image of the heart. After collecting sufficient measurements,
i.e. after determining the thickness of the heart wall at differ-
ent locations on the heart wall, the user can then establish an
ablation strategy including required power and duration
depending on the determined heart wall thickness. It is also
possible to use the catheter tip for tracing over the prior-
performed ablation lesions for verification purposes. The
continuity and depth of the lesions that have been created can
be determined.

[0075] In the following embodiment of a filtering method
for filtering an ultrasound signal will exemplarily be
described with reference to a flowchart shown in FIG. 10.

[0076] An ultrasound signal can be influenced by an elec-
trical unit and comprising a first part comprising information
about an object from which the ultrasound signal has been
received and a second part not comprising information about
the object has been provided. In step 201, a correction signal
being indicative of the influence of the electrical unit on the
ultrasound signal is determined from the second part of the
ultrasound signal by a correction signal determination unit. In
step 202, the first part of the ultrasound signal is corrected
based on the determined correction signal for filtering the
influence of the electrical unit out of the ultrasound signal by
a correction unit.

[0077] FIG. 11 shows a flowchart exemplarily illustrating
an embodiment of an ultrasound sensing method for sensing
an object.

[0078] In step 301, an ultrasound signal is generated
depending on ultrasound waves received from the object by
an ultrasound unit, wherein the ultrasound unit and the further
unit being an electrical unit are included in a catheter, wherein
the ultrasound unit and the electrical unit operate simulta-
neously and wherein the generated ultrasound signal is influ-
enced by the electrical unit and includes a first part compris-
ing information about the object from which the ultrasound
signal has been received and a second part not comprising
information about the object. In step 302, the filtering steps of
the filtering method described above with reference to FIG.
10 are performed, wherein the correction signal determina-
tion unit determines a correction signal being indicative of the
influence of the electrical unit on the generated ultrasound
signal from the second part of the ultrasound signal and
wherein the correction unit corrects the first part of the ultra-
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sound signal based on the determined correction signal for
filtering the influence of the electrical unit out of the first part
of the ultrasound signal.

[0079] The filtering apparatus preferentially provides a
digital filter, based on sample rate conversion, for filtering out
RF without affecting the ultrasound signal. This digital filter
can be applied in realtime and thus allows the visualization of
unperturbed ultrasound signals, which can be processed and/
or shown during, for example, a medical procedure.

[0080] Inanintegrated ablation and ultrasound monitoring
catheter both ultrasound sensing as well as ablation are per-
formed. Although separate wiring is used for both signals, the
RF signals which are very large in power, can couple indi-
rectly onto the ultrasound wiring. This coupling can occur
inside the catheter via capacitive coupling, because shielding
is insufficient, or inside the heart due to conductive coupling
via, for example, blood and/or saline irrigation fluid. Nor-
mally RF frequencies of, for example, about 450 to 500 kHz
are outside the band of interest in ultrasound imaging, which
is generally between about 1 and 50 MHz. However, harmon-
ics and noise are present, which can lead to interference
patterns at constant intervals in the ultrasound signal where
the sinusoidal shape crosses DC level. The low amplitude
ultrasound signal can therefore be masked by this RF inter-
ference.

[0081] Inmedical imaging, ultrasound transducers of vari-
ous frequencies are being used up to about 50 MHz. For lesion
monitoring with integrated RF ablation and ultrasound moni-
toring ultrasound transducers with a center frequency
between about 20 to 30 MHz are preferentially used. In order
to obtain a high resolution, ultrasound signals are acquired at
high frequency of, for example, 200 MHz per A-line. A-lines
are typically sampled at 20-100 Hz to get an M-mode image,
but higher sampling rates up to, for example, 1 kHz are also
possible. Several different filtering techniques can be used to
filter RF, but they should work in realtime, i.e. processing of
many samples per second should be possible. The above
described filtering apparatus can be adapted to remove the RF
interference from the ultrasound signal in real-time without
affecting the quality of the ultrasound signal. Moreover, the
corresponding algorithm is preferentially optimized to run on
specific hardware chips, in particular, on DSP processors.
[0082] Although in the above described embodiments, the
correction signal is used for correcting the first part A of the
ultrasound signal, the correction signal can also be used to
correct the entire ultrasound signal including the first part A
and the second part B.

[0083] Although in the above described embodiments cer-
tain processing steps for processing an RF template have been
described, in other embodiments also other processing steps
can be performed. For example, a FIR implementation of a
fractional delay filter can be used instead of the bi-reciprocal
IIR interpolation filter. Moreover, also a standard IIR inter-
polation filter, which is not bi-reciprocal, can be used.
[0084] Although in the above described embodiments the
electrical unit, which influences the ultrasound signal, is an
ablation electrode, in other embodiments the electrical unit
can also be another unit such as an x-ray imaging unit or an
electrical knife, which may cause interference and/or noise.
[0085] The ultrasound sensing apparatus and the filtering
apparatus are preferentially adapted to be used in tissue imag-
ing during treatment of, for example, cardiac arrhythniias, or
tumor ablation, wherein RF ablation and ultrasound imaging
are combined in a single catheter or a single needle. The
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algorithm implemented in the filtering apparatus can be use-
ful for removing also other interferences with similar charac-
teristics as RF interferences from signals of interest.

[0086] Although the ultrasound sensing apparatus is pref-
erentially adapted as a cardiac ablation monitoring catheter
which can be used in combination with an RF signal genera-
tor, the ultrasound sensing apparatus can also be adapted to
sense other objects like other parts of a person or of an animal
such as another organ or vessels, or a technical object like a
pipeline. Moreover, instead of applying RF energy, the elec-
trical unit can also be adapted to apply other electrical energy
to the object.

[0087] Although in the embodiment described above with
reference to FIG. 2 the catheter comprises an electrical unit
being an ablation electrode and an ultrasound unit only, the
catheter can also comprise further elements like further sens-
ing elements and/or further energy application elements, irri-
gation elements, et cetera.

[0088] 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.

[0089] 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.

[0090] A single unit or devices 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.

[0091] Calculations like the calculation of the fundamental
RF frequency, the determination of the correction signal, the
correction of the first part of the ultrasound signal depending
on the correction signal, et cetera performed by one or several
units or devices can be performed by any other number of
units or devices. For example, the determination of the fun-
damental RF frequency, the determination of the correction
signal, the correction of the ultrasound signal depending on
the determined correction signal, the determination of, for
example, the ablation depth depending on the corrected ultra-
sound signal, et cetera can be performed by a single unit or by
any other number of different units. The calculations and/or
the control of the filtering apparatus in accordance with the
filtering method and/or the control of the ultrasound sensing
apparatus in accordance with the ultrasound sensing method
can be implemented as program code means of a computer
program and/or as dedicated hardware.

[0092] 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.

[0093] Any reference signs in the claims should not be
construed as limiting the scope.

[0094] The invention relates to a filtering apparatus for
filtering an ultrasound signal, which is influenced by an elec-
trical unit and comprises a first part including information
about an object from which the ultrasound signal has been
received and a second part not comprising information about
the object. A correction signal determination unit determines
a correction signal being indicative of the influence of the
electrical unit on the ultrasound signal from the second part of
the ultrasound signal and a correction unit corrects the first
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part of the ultrasound signal based on the determined correc-
tion signal for filtering the influence of the electrical unit out
ofthe ultrasound signal. Since the correction signal is indica-
tive of the influence of the electrical unit, wherein the correc-
tion signal is used for correcting the ultrasound signal,
unwanted interference visible in the unfiltered ultrasound
signal can be filtered out.

1. A filtering apparatus for filtering an ultrasound signal,
the ultrasound signal (19) being influenced by an electrical
unit and comprising a first part (A) comprising information
about an object (4) from which the ultrasound signal (19) has
been received and a second part (B) not comprising informa-
tion about the object (4), characterized in that the filtering
apparatus (15) comprises:

a correction signal determination unit (17) for determining

a correction signal being indicative of the influence of
the electrical unit on the ultrasound signal (19) from the
second part (B) of the ultrasound signal (19),

a correction unit (18) for correcting the first part (A) of the
ultrasound signal (19) based on the determined correc-
tion signal for filtering the influence of the electrical unit
(31) out of the ultrasound signal (19).

2. The filtering apparatus as defined in claim 1, wherein the
correction unit (18) is adapted to subtract the determined
correction signal from the first part (A) of the ultrasound
signal (19).

3. The filtering apparatus as defined in claim 2, wherein

the filtering apparatus (15) comprises a fundamental fre-
quency providing unit (16) for providing a fundamental
frequency of the influence by the electrical unit,

the correction signal determination unit (17) is adapted to
determine a sub-part of the second part of the ultrasound
signal, which corresponds to at least one cycle of the
influence by the electrical unit, depending on the pro-
vided fundamental frequency, and to determine the cor-
rection signal depending on the determined sub-part of
the second part (B) of the ultrasound signal.

4. The filtering apparatus as defined in claim 3, wherein the
fundamental frequency providing unit (16) is adapted to
determine the fundamental frequency by cross correlating
two consecutive sub-parts of the second part (B) of the ultra-
sound signal (19).

5. The filtering apparatus as defined in claim 3, wherein the
correction signal determination unit (17) is adapted to
upsample the sub-part of the second part (B).

6. The filtering apparatus as defined in claim 5, wherein the
correction signal determination unit (17) is adapted to apply
an infinite impulse response (IIR) filter to the upsampled
sub-part of the second part (B).

7. The filtering apparatus as defined in claim 5, wherein the
correction signal determination unit (17) is adapted to apply a
bi-reciprocal IIR filter to the sub-part of the second part (B).

8. The filtering apparatus as defined in claim 5, wherein the
correction signal determination unit (17) is adapted to per-
form following steps several times:

upsampling the sub-part of the second part (B) by a factor
of two,

applying an IIR filter to the upsampled sub-part of the
second part (B).

9. The filtering apparatus as defined in claim 1, wherein a
time dependent amplification has been applied to the ultra-
sound signal and wherein the correction signal determination
unit (17) is adapted to apply the time dependent amplification
also to the correction signal.
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10. An ultrasound sensing apparatus for sensing an object,
the ultrasound sensing apparatus (1) comprising:

a catheter (12) including an ultrasound unit (32) for gen-
erating an ultrasound signal (19) depending on ultra-
sound waves received from the object (4) and a further
unit (31) being an electrical unit, wherein the ultrasound
unit (32) and the electrical unit (31) are adapted to oper-
ate simultaneously, wherein the generated ultrasound
signal (19) is influenced by the electrical unit (31) and
includes a first part (A) comprising information about
the object (4) from which the ultrasound signal (19) has
been received and a second part (B) not comprising
information about the object (4),

a filtering apparatus (15) as defined in claim 1, wherein the
correction signal determination unit (17) is adapted to
determine a correction signal being indicative of the
influence of the electrical unit (31) on the generated
ultrasound signal (19) from the second part (B) of the
ultrasound signal (19) and wherein the correction unit
(18) is adapted to correct the first part (A) of the ultra-
sound signal (19) based on the determined correction
signal for filtering the influence of the electrical unit (31)
out of the first part (A) of the ultrasound signal (19).

11. The ultrasound sensing apparatus as defined in claim
10, wherein the electrical unit (31) is an electrode for apply-
ing electrical energy to the object (4).

12. A filtering method for filtering an ultrasound signal, the
ultrasound signal (19) being influenced by an electrical unit
and comprising a first part (A) comprising information about
an object (4) from which the ultrasound signal (19) has been
received and a second part (B) not comprising information
about the object (4), characterized in that the filtering method
comprises:
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determining a correction signal being indicative of the
influence of the electrical unit on the ultrasound signal
(19) from the second part (B) of the ultrasound signal
(19) by a correction signal determination unit (17),

correcting the first part (A) of the ultrasound signal (19)
based on the determined correction signal for filtering
the influence of the electrical unit (31) out of the ultra-
sound signal (19) by a correction unit (18).

13. (canceled)

14. A filtering computer program for filtering an ultrasound
signal, characterized in that the filtering computer program
comprises program code means for causing a filtering appa-
ratus as defined in claim 1.

15. An ultrasound sensing computer program for sensing
an object, characterized in that the ultrasound sensing com-
puter program comprises program code means for causing an
ultrasound sensing apparatus as defined in claim 10 to carry
out the following steps, when the ultrasound sensing com-
puter program is run on a computer controlling the ultrasound
sensing apparatus;

generating an ultrasound signal (19) depending on ultra-

sound waves received from the object (4) by an ultra-
sound unit (32), wherein the ultrasound unit (32) and a
further unit (31) being an electrical unit are included in
a catheter (12), wherein the ultrasound unit (32) and the
electrical unit (31) operate simultaneously and wherein
the generated ultrasound signal (19) is influenced by the
electrical unit (31) and includes a first part (A) compris-
ing information about the object (4) from which the
ultrasound signal (19) has been received and a second
part (B) not comprising information about the object (4).

* * Ed Ed *
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