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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the signaling
of an aortic valve state, and in particular relates to an
apparatus for signaling a state of an aortic valve, a system
for signaling a state of an aortic valve, a method for sig-
naling a state of an aortic valve, a computer program
element and a computer-readable medium.

BACKGROUND OF THE INVENTION

[0002] The human heart comprises four valves and
four chambers. The valves of the heart are located at the
exit each of the four chambers of the heart. The valves
are: the aortic valve, the pulmonary valve, the mitral
valve, and the tricuspid valve. Each of the valves com-
prises flaps of tissue, or leaflets. The leaflets open and
close as the heart pumps.
[0003] Defective heart valves may be either repaired
or replaced. For repairing or replacing a defective valve,
a catheter may be inserted into an artery or vein, usually
in the leg. Usually, under X-ray and/or fluoroscopic vis-
ualization, the catheter is advanced into the heart and
positioned at a site of the defective valve.
[0004] However, in order to position the catheter at the
site of the defective valve, the catheter has to cross the
defective valve first. The crossing of the defective valve
in an early stage of the intervention is still considered
challenging and is a time consuming task, which may
take several minutes or even longer.
[0005] US 2013/0289391 A1 relates to a system and
a method using forward looking imaging techniques for
valve therapies. The system comprises a guide wire for
guiding a catheter, wherein the guide wire comprises at
its distal portion an imaging device containing a forward
looking ultrasonic sensor. The ultrasonic sensor creates
a field of view, which includes, in case the distal tip of the
guide wire is close to the defective valve, at least a sub-
stantial portion of the defective valve. The ultrasonic
beam can provide an image, which may be used to assist
a positioning of the distal tip of the guide wire for a proper
valve crossing.
[0006] US 2011/0160848 A1 relates to a method for
crossing a heart valve. The method relates to the appli-
cation of a guide wire, which comprises at its distal tip a
diagnostic sensor, which may be configured to sense a
velocity, a temperature and/or a pressure of the sur-
rounding area. It is expected that the distal tip of the guide
wire starts to vibrate or to "dance" when the distal tip is
positioned within a blood jet at the outlet of a heart valve.
This information may be used to indicate when the distal
tip is properly positioned within the blood jet. Once the
distal tip is positioned within the blood jet correctly, an
increase of the vibration may be detected. Accordingly,
the physician handling the guide wire may be able to
synchronize an insertion of the guide wire into a left ven-

tricle of an aortic valve with the systole phase of the heart.
This reduces a risk of damage to the leaflets from cross-
ing or insertion attempts during a diastole phase.
[0007] US 2004/249259 A1 describes a medical imag-
ing system that includes an image acquisition circuitry,
a memory, and a processor coupled to the image acqui-
sition circuitry and memory. The processor executes a
physiologic marker program out of the memory. The
marker program obtains physiologic marker definitions
for events shown in a first dataset image, determines
physiologic markers associated with the marker defini-
tions, and superimposes the physiologic markers on a
second dataset image that does not necessarily show
the event.
[0008] A guide wire having at its distal tip a sensor, in
particular an ultrasonic sensor or a velocity sensor, may
increase the size of the guide wire, at least at its distal
tip. However, in order to be inserted into an artery or vein,
a guide wire may have a size, that is as small as possible.

SUMMARY OF THE INVENTION

[0009] There may be a need to provide an improved
support to a physician performing an aortic valve inter-
vention. More in particular, there may be a need for an
enhanced visualization of an aortic valve, which is sup-
posed to be passed by a catheter.
[0010] The object of the invention is solved by the sub-
ject-matter of the independent claims, wherein further
embodiments are incorporated in the dependent claims.
[0011] It should be noted that the following described
aspects of the invention apply also for the apparatus, the
system, the method, the computer program element and
the computer-readable medium.
[0012] According to a first aspect of the invention, an
apparatus for supporting an aortic valve intervention,
comprising an input interface, a processing unit and a
display unit. The input interface is configured to receive
i) an image-data signal g representing an X-ray image of
an aortic valve of a heart and ii) a time variant, body-
surface signal b indicating a beat of the heart. The
processing unit is configured to determine an open-state
of the aortic valve on the basis of the body-surface signal
b, and to generate a display signal component for sign-
aling the aortic valve as open during the determined open
state of the aortic valve, and to generate a display signal
representing a display image comprising the X-ray image
and the display signal component.
[0013] Consequently, the display image advanta-
geously shows, at least during the open-state of the aortic
valve, a notation, which represents the aortic valve as
open.
[0014] According to the invention, the display image
shows an overlay of at least a part of the aortic valve and
a notation, which represents the aortic valve as open.
The display image may support the physician in choosing
the right time interval to advance a catheter to pass an
aortic valve during its open-state.
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[0015] As a further result, showing the display image
comprising a notation about the open-state of the aortic
valve may reduce a risk of a damage to the leaflets of
the aortic valve.
[0016] Within the context of the present invention, the
"open state" of the aortic valve is understood to refer to
a state wherein the aortic valve is sufficiently open to
allow the passage of an interventional device such as a
guidewire or catheter. For example, the aortic valve is at
its open state, if at least 70% of an aortic valve cross-
section is of free passage to such device.
[0017] In the following, the term "catheter" may accord-
ingly refer for any interventional device that needs to pass
the aortic valve, including not only an actual catheter but
also, for example, a guidewire.
[0018] In an example, the aortic valve image relates to
an X-ray image of at least a part of the aortic valve of the
heart. In an example, the image-data signal relates to an
X-ray image-data signal. The image-data signal may be
provided by an X-ray detector of an X-ray imaging unit.
[0019] In an example, the body-surface signal relates
to a signal of a human body detected at its surface. The
body-surface signal is preferably a non-tomographic sig-
nal. In a further example, the body-surface signal relates
to a non-invasive body signal. The body-surface signal
may be detected at a surface of the body, either directly
or indirectly.
[0020] According to an exemplary embodiment, the
body-surface signal is a blood pressure signal.
[0021] The blood pressure of a human increases and
decreases periodically in correspondence to a beat of
the heart. Consequently, a heartbeat may be determined
from a blood pressure signal. Further, an open-state of
an aortic valve may be determined on the basis of a heart-
beat. Thus, the open-state of the aortic valve may also
be determined on the basis of the blood pressure signal.
[0022] According to a further exemplary embodiment,
the body-surface signal is an ECG-signal indicating an
electric activity of the heart.
[0023] The ECG-signal relates to an Electrocardiogra-
phy signal. The ECG-signal may be detected with elec-
trodes placed on a human’s body surface. The electrodes
may detect electrical changes on the skin that arise from
the heart muscle depolarizing during each heartbeat.
[0024] As an effect of the ECG-signal being the body-
surface signal relates to the short time delay between
the movement of the heart and the corresponding meas-
ured ECG-signal. Thus, the ECG-signal may be a real-
time signal. Further, the states of the aortic valve, in par-
ticular the open-state of the aortic valve, can be deter-
mined precisely.
[0025] According to a further exemplary embodiment,
the processing unit is configured to recognize a start of
the open-state of the aortic valve based on a predefined
start-open signal course of the body-surface signal, and
wherein the processing unit is configured to recognize
an end of the open-state of the aortic valve based on a
predefined end-open signal course of the body-surface

signal.
[0026] Thus, a start and an end of the open-state of
the aortic valve may be recognized. The time from the
start of the open-state to the end of the open-state may
define an open-state time period of the aortic valve.
[0027] The heartbeat usually has a periodic character.
Consequently, a surface signal, which allows determin-
ing states of the aortic valve, may also have periodic char-
acter. Thus, a part of the body-surface signal of each
period may be characteristic for a start of the open-state.
Another part of the body-surface signal at the same pe-
riod may be characteristic for an end of the open-state
of the aortic valve. Said parts of the body-surface signal
may be defined by a signal course, which may be recog-
nized at each period of the body-surface signal and thus
being representative for the start of the open-state and
the end of the open-state, respectively.
[0028] In an example, known signal detection steps
may be performed in order to identify the start-open signal
course and/or the end-open signal course at the body-
surface signal. The detection may be a basis for recog-
nizing the start of the open-state of the aortic valve and/or
the end of the open-state of the aortic valve, respectively.
[0029] In an example, at least one characteristic point
of the body-surface signal indicating a start of a systolic
phase of the heart characterizes the start-open signal
course.
[0030] In an example, at least one characteristic point
of the body-surface signal indicating an end of a systolic
phase of the heart characterizes the end-open signal
course.
[0031] In an example, at least two of the characteristic
points q, r, s, t indicate the systolic phase of the heart.
Accordingly, the characteristic point q, in particular an
end of a corresponding q-wave, may indicate a start of
the systolic phase and/or start of the open-state of the
aortic valve. The characteristic point t, in particular a peak
of a corresponding t-wave, may indicate an end of the
systolic phase and/or an end of the open-state of the
aortic valve.
[0032] In an example, at least two characteristic points
of the body-surface signal following each other indicating
a start of a systolic phase of the heart characterizes the
start-open signal course.
[0033] In a further example, at least two characteristic
points of the body-surface signal following each indicat-
ing an end of the systolic phase of the heart characterize
the end-open signal course.
[0034] In an example, the characteristic points q, r, s,
t which relate to the qrs-complex, indicate the systolic
phase of a heart. Accordingly, characteristic points q, r
may indicate a start of the systolic phase and/or a start
of the open-state of the aortic valve. The characteristic
points s, t may indicate an end of the systolic phase and/or
an end of the open-state of the aortic valve.
[0035] As a result, known detection techniques may
be used for detecting the characteristic points q, r, s, t
for each period of the heartbeat. On the basis of the de-
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tected characteristic points q, r, s, t, a start of the open-
state of the aortic valve and/or an end of the open-state
of the aortic valve may be determined.
[0036] As a further result, robust method steps can be
used to determine the open-state of the aortic valve, since
the determination of the open-state is based on signals
and pre-processed results, which can be provided with
known detection techniques. Thus, the determination of
the open-state of the aortic valve is also robust.
[0037] According to a further exemplary embodiment,
the processing unit is configured to determine a closed-
state of the aortic valve on the basis of the body-surface
signal, wherein the processing unit is configured to cal-
culate, on the basis of the determined closed-state of the
aortic valve, a further display signal component for sig-
naling the aortic valve as closed during the closed-state
of the aortic valve.
[0038] Within the context of the present invention, the
"closed state" of the aortic valve is understood to refer
to a state wherein the aortic valve is closed to the extent
that the passage of an interventional device such as a
guidewire or catheter is not practically feasible or even
impossible. For example, the aortic valve is in its closed
state, if at most 30% of an aortic valve cross-section is
of free passage to such device.
[0039] As explained above, the processing unit is con-
figured to provide a display signal comprising the display
signal component or the further display signal compo-
nent.
[0040] As a result, the display image may represent a
notation to illustrate the aortic valve as closed during the
closed-state of the aortic valve. Thus, a physician can
directly see at the display image, whether the aortic valve
is opened or closed. During the closed-state of the aortic
valve, a proceeding of the catheter may be stopped, at
least in case the catheter is positioned in front of the aortic
valve.
[0041] It is understood that, without repeating here all
the examples and explanations provided with reference
to the open-state of the aortic valve, the determination
of the closed-state of the aortic valve on the basis of the
body-surface signal may be performed analogous to the
determination of the open-state of the aortic valve on the
basis of the body-surface signal.
[0042] According to a further exemplary embodiment,
the processing unit is configured to recognize a start of
the closed state of the aortic valve based on a predefined
start-close signal course of the body-surface signal,
wherein the processing unit is configured to recognize
an end of the closed-state of the aortic valve based on a
predefined end-close signal course of the body-surface
signal.
[0043] In an example, at least one characteristic point
of the body-surface signal indicating a start of a diastolic
phase of the heart characterizes the start-close signal
course.
[0044] In an example, at least one characteristic point
of the body-surface signal indicating an end of a diastolic

phase of the heart characterizes the end-close signal
course.
[0045] In an example, at least two of the characteristic
points t, u, p, q indicate the diastolic phase of the heart.
Accordingly, the characteristic point t, in particular an end
of a corresponding t-wave, may indicate a start of the
diastolic phase and/or a start of the closed-state of the
aortic valve. One of the characteristic points p, q, r, in
particular a corresponding wave-end of point p, may in-
dicate an end of the diastolic phase and/or an end of the
closed-state of the aortic valve.
[0046] In an example, at least two characteristic points
of the body-surface signal following each other indicating
a start of a diastolic phase of the heart characterize the
start-close signal course.
[0047] In an example, at least two characteristic points
of the body-surface signal following each other indicating
an end of a diastolic phase of the heart characterize the
end-close signal course.
[0048] In an example, the characteristic points t, u, p,
q indicate the diastolic phase of the heart. Accordingly,
the characteristic points t, u may indicate a start of the
diastolic phase and/or start of the closed-state of the aor-
tic valve. The characteristic points p, q may indicate an
end of the diastolic phase and/or an end of the closed-
state of the aortic valve.
[0049] According to a further exemplary embodiment,
the processing unit is configured to calculate, on the basis
of the ECG-signal, a fourth display signal component for
displaying an ECG-signal image.
[0050] It is understood that, without repeating here the
effect of a further display signal component, the display
signal may comprise the ECG image. In an example, the
display image comprises an ECG-signal image in overlay
and/or adjacent to the aortic valve image.
[0051] In a further example, the ECG-signal image is
at least partly transparent.
[0052] In a further example, the ECG-signal may be
an ECG live signal. Consequently, a physician may re-
ceive from the display image the aortic valve image, the
ECG-signal and a notation indicating whether the aortic
valve is at its open-state. Further, the physician may also
receive from the notation whether the aortic valve is at
its closed-state.
[0053] As an effect, the display image may provide a
compact overview about relevant information of the aortic
valve, especially in case a catheter is supposed to be
passed through the aortic valve.
[0054] According to a further exemplary embodiment,
the processing unit is configured to calculate the display
signal component such that the open-state of the aortic
valve is marked at the ECG-signal image between the
start of the open-state of the aortic valve and the end of
the open-state of the aortic valve.
[0055] In an example, a marker having a rectangular
form may be used to mark the open-state of the aortic
valve in the ECG-signal image.
[0056] In an example, the marker may be at least partly
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transparent and/or may be arranged in overlay to the
ECG-signal image.
[0057] According to a further exemplary embodiment,
the processing unit is configured to calculate the display
signal component, such that at least a part of the aortic
valve image is highlighted with a first color between the
start of the open-state of the aortic valve and the end of
the open-state of the aortic valve.
[0058] Preferably, a shape of the highlighted part is
indicative of an area covered by a movement of the aortic
valve between the open state and the closed state.
[0059] Thus, advantageously, in moving the catheter
towards the aortic valve, a physician may avoid the in-
terventional device obstructing the closing valve, or in-
terfering therewith. In other words, the physician may be
assisted in optimally positioning the catheter prior to ad-
vancing it across the aortic valve. The extent of the valve
movement may be calculated from the length of the aortic
valve leaflets as it may be extracted for example from
computed tomography image data.
[0060] According to a further exemplary embodiment,
the processing unit is configured to calculate the further
display image component, such that at least a part of the
aortic valve image is highlighted with a second color be-
tween the start of the closed-state of the aortic valve and
the end of the closed-state of the aortic valve.
[0061] In an example, the first color is different to the
second color.
[0062] In an example, the first color is green and the
second color is red.
[0063] In an example, the highlightings are each at
least partly transparent.
[0064] According to a further exemplary embodiment,
the processing unit is configured to recognize a tip-posi-
tion of a tip of a catheter in the aortic valve image. The
recognition may be image-based or may be based on
position tracking of, for example, an electromagnetic
transducer on the tip. The processing unit is further con-
figured to recognize, a valve-position of the aortic valve
in the aortic valve image, and to calculate a catheter-
distance between the tip-position and the valve-position.
The display signal components may be enabled to be a
part of the display signal, in case the catheter-distance
is smaller than a predefined minimum-distance, and dis-
abled otherwise.
[0065] As an effect, the display image may comprise
the information about a state of the aortic valve, in case
the catheter is close to the aortic valve. Thus, the infor-
mation about the state of the aortic valve is just displayed,
when the information is needed. Consequently, the in-
formation provided at a respective display can be re-
duced. This may increase the concentration of a physi-
cian when using the apparatus.
[0066] According to a further exemplary embodiment,
the apparatus may further comprise an acoustic output
unit, wherein the processing unit is configured to calcu-
late, on the basis of the determined open-state of the
aortic valve, an acoustic signal for signaling the aortic

valve as open during the open-state of the aortic valve,
and wherein the acoustic output unit is configured to
acoustically indicate the open-state of the aortic valve on
the basis of the acoustic signal.
[0067] As an effect, a physician using the apparatus
may acoustically hear, when the aortic valve is at its open-
state and thus acoustically receiving an indication for a
good time for proceeding the catheter.
[0068] As a further effect, a user, in particular the phy-
sician, may not need to look at the display in order to
receive the information about the state of the aortic valve,
in particular about the open-state of the aortic valve. Con-
sequently, the physician may concentrate on other as-
pects for placing the catheter at the desired position.
[0069] According to a further exemplary embodiment,
the apparatus comprises an output unit, wherein the
processing unit is configured to calculate, on the basis
of the determined open-state of the aortic valve, an output
signal for signaling the aortic valve as open during the
open-state of the aortic valve and wherein the output unit
is configured to provide the output signal for further pur-
poses.
[0070] As an effect, the output signal may be provided
to a further unit of the apparatus or to a further device.
At the further unit or the further device, the output signal
may be provided to the attention of the user, in particular
to a physician. This may be done optically, acoustically
and/or haptically.
[0071] According to a further exemplary embodiment,
the apparatus comprises a catheter and a signal connec-
tion, wherein the signal connection connects the output
unit of the apparatus and the catheter, wherein the cath-
eter provides a handle to operate the catheter, and
wherein the catheter provides at or next to the handle a
haptic unit, for instance comprising a vibration element,
configured to haptically indicate the open-state of the aor-
tic valve on the basis of the output signal.
[0072] As an effect, the user of the apparatus handling
the catheter may haptically receive the information about
the open-state of the aortic valve. Thus, the physician
may not need to look at a display of the apparatus and
thus being able to concentrate on other issues while
processing the catheter through the aortic valve.
[0073] According to a second aspect of the present
invention, a system for signaling a state of the aortic valve
is provided, comprising: an apparatus according to any
of the preceding examples of the apparatus, an X-ray
imaging unit for acquiring the aortic valve image, and a
body-surface signal detection unit for providing the body-
surface signal.
[0074] According to a third aspect of the invention, a
method for signaling a state of an aortic valve is provided,
comprising the steps of receiving an image-data signal
representing an X-ray image of an aortic valve of a heart,
receiving a time variant, body-surface signal indicating a
beat of the heart, determining an open-state of the aortic
valve on the basis of the body-surface signal, generating
a display signal component for signaling the aortic valve
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as open during the determined open state of the aortic
valve, and generating a display signal representing a dis-
play image comprising the X-ray image and the display
signal component.
[0075] surface signal indicating a beat of the heart, de-
termining an open-state of the aortic valve on the basis
of the body-surface signal, generating a display signal
component for signaling the aortic valve as open during
the determined open state of the aortic valve, and gen-
erating a display signal representing a display image
comprising the X-ray image and the display signal com-
ponent.
[0076] According to a fourth aspect of the present in-
vention, a computer program element is provided, which,
when being executed by a processing unit, is adapted to
carry out the method described above.
[0077] According to a fifth aspect of the present inven-
tion, a computer-readable medium having stored thereon
a program element is provided, which, when being exe-
cuted by a processing unit, is adapted to carry out the
method described above.
[0078] According to a further aspect of the invention,
it is proposed to display, additionally to an aortic valve
image, in particular based on a motion compensated aor-
tic valve model, an indicator when the valve is in the open-
state and/or when the valve is in the closed-state. The
indicator is supposed to be an overlay to the image of
the aortic valve, such that the physician can see on the
same display the information needed to advance a cath-
eter through the aortic valve of a heart. This ensures not
to damage the aortic valve. Instead, the physician re-
ceives the relevant information, when the aortic valve is
in its open-state and thus, the catheter may be advanced
without any damage of the aortic valve. The information,
whether the aortic valve is in its open-state or in its closed-
state, corresponds to the systolic phase and the distal
phase of the heart, respectively. The information, when
the heart is in its systolic phase and when it is in the
diastolic phase may be extracted from an ECG meas-
urement. From the detection of these cardiac phases,
the closed-state of the valve and/or the open-state of the
valve can be estimated using general knowledge about
blood flow during the cardiac cycle.
[0079] The display image may provide a graphical
guidance, wherein a green flag or a frame may be pro-
vided at the display image to indicate that the aortic valve
is in its open-state.
[0080] Two-dimensional and/or three-dimensional
tracking of the catheter may be integrated to enable ad-
ditionally functionality. According to a preferred example,
the graphical indication of the states of the aortic valve
can be enabled and/or disabled depending on a distance
between the catheter and the aortic valve. If the distance
is too large, the indication is disabled. If the distance is
smaller than a predefined threshold distance, the indica-
tion is enabled. Information of the two-dimensional or
three-dimensional distance of
[0081] These and other aspects of the present inven-

tion will become apparent from and be elucidated with
reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0082] Exemplary embodiments of the invention will be
described in the with reference to the following drawings.

Fig. 1 schematically illustrates an example of the ap-
paratus.
Fig. 2 schematically illustrates an X-ray imaging sys-
tem.
Fig. 3 schematically illustrates an ECG signal.
Fig. 4 schematically illustrates the states of an aortic
valve.
Fig. 5 shows an X-ray image with an overlay to indi-
cate an open aortic valve of a heart.
Fig. 6 shows an X-ray image with an overlay to indi-
cate a closed aortic valve of the heart.
Fig. 7 schematically illustrates a further example of
the apparatus.
Fig. 8 schematically illustrates a further example of
the apparatus.
Fig. 9 schematically illustrates a further example of
the apparatus.
Fig. 10 schematically shows an example of a method
according to the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0083] In the following, the invention is exemplarily de-
scribed as being used in the context of an X-ray imaging
system 24 for trans-catheter aortic valve implementation
(TAVI). The invention can also be used in the context of
other heart interventions and/or diagnostics.
[0084] In trans-catheter aortic valve implementation in-
terventions, a critical point is the precise positioning of
the implementable device. To achieve this position, for
instance a supra-aortic angiography (preferably with con-
trast agent) can be performed in order to determine a
good or optimal projection of the valve deployment. An
image, preferably featuring good contrast, can be select-
ed, stored, and/or subsequently used as a pre-implant
reference image. The contrast injection can be achieved
through a so-called pigtail catheter placed in the aortic
root. In order to facilitate accurate positioning, road map-
ping and/or outlining methods can be used. This may
consist in super-imposing to the live view (for example,
fluoroscopy without contrast agent) an anatomic repre-
sentation of the anatomy (for example, contours of the
aortic route as extracted from a reference aortogram, an
anatomy model derived from a 3D pre-interventional da-
ta, and/or a combination of both, or any other suitable
representation). This anatomy representation can then
be correctly registered with live images. The continuous
registration process with live images is often referred to
as tracking.
[0085] Exemplary embodiments of the invention will be
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described in the following with reference to the following
drawings.
[0086] Fig. 1 schematically illustrates an apparatus 10
for signaling a state of an aortic valve. The apparatus 10
comprises an input interface 12, a processing unit 14,
and a display unit 16. The input interface 12 is configured
to receive an image-data signal g indicating an aortic
valve X-ray image 20 of a heart. The input interface 12
is configured to receive a time variant, body-surface sig-
nal b indicating a beat of the heart. The processing unit
14 is configured to determine an open-state 30 of the
aortic valve on the basis of the body-surface signal b.
The processing unit 14 is configured to calculate, on the
basis of the image-data signal g, a first display signal
component for illustrating the aortic valve image 20 of
the aortic valve. The processing unit 14 is configured to
calculate, on the basis of the determined open-state 30
of the aortic valve, a second display signal component
for signaling the aortic valve as open during the open-
state 30 of the aortic valve. The processing unit 14 is
configured to provide a display signal d comprising the
display signal components. The display unit 16 is config-
ured to display a display image 22 on the basis of the
display signal d.
[0087] Fig. 2 schematically shows a system 24 for sig-
naling a state of an aortic valve. The system 24 comprises
the apparatus 10, an X-ray imaging unit 26, and a body-
surface signal detection unit 28. The X-ray imaging unit
26 is configured to acquire an X-ray image 20 of an aortic
valve of a heart and to provide an image-data signal g
indicating the aortic valve X-ray image 20. In particular,
a sequence of live fluoroscopy X-ray images may be ac-
quired to guide the advancing towards, and passing of,
an aortic valve by a catheter or guidewire.
[0088] The body-surface signal detection unit 28 is
configured to detect a body-surface signal b indicating a
beat of the heart. The body-surface signal detection unit
28 is configured to provide a live, time variant, body-sur-
face signal b indicating the beat of the heart.
[0089] It is to be understood that, without repeating all
the following examples and explanations provided with
reference to the system, the same examples and expla-
nations hold in analogous manner for the apparatus.
Thus, all provided features, examples and effects are
also intended to be implemented by the apparatus as
such. Examples, features and/or explanations described
with respect to the apparatus are to be understood with
regard to the system vice versa.
[0090] Fig. 1 shows an example of the apparatus 10.
[0091] Although Fig. 2 shows the apparatus 10 in the
context of the system 24, the apparatus 10 can be a
stand-alone apparatus 10 and can be provided separate-
ly. The system 10 may be an X-ray imaging system 24,
in particular shown in FIG. 2 with reference to a C-arm
system.
[0092] The system 24 may comprise an X-ray source
32 and an X-ray detector 34. The X-ray source 32 may
be configured to radiate X-ray radiation towards the de-

tector 34 radiating at least a part of a region of interest
of a human body 38, in particular the respective aortic
valve. In Fig. 2, a part of the human body is represented
by a circle. The X-ray detector 34 may be configured to
provide the image-data signal g, preferably as a live im-
age-data signal g.
[0093] The body-surface detection unit of the system
24 may comprise a body-surface signal detector 38 and
a pre-processing unit 40. In an example, the pre-process-
ing unit 40 may be spaced apart of the apparatus 10,
while being interconnected via a signal line 42.
[0094] The display signal d comprises at least the im-
age-data signal g representing the aortic valve X-ray im-
age 20 as a first display signal component and the display
signal component for signaling the aortic valve as open
during the open-state 30 of the aortic valve as a second
display signal component. As a result, the display image
22 may be generated on the basis of the first and second
signal components.
[0095] Fig. 5 and Fig. 6 show examples of display im-
ages 22, which comprise a notation 29 as the second
display signal component to indicate the state of the aortic
valve, and at least a part of the aortic valve image 20.
[0096] As a result, the display image 22 may show at
least a part of the aortic valve and the notation 29 as an
overlay thereto. An example of the display image is
shown in Fig. 5 representing the aortic valve as open.
The display image 22 may support the physician in
choosing the right time interval to advance a catheter 44
to pass the aortic valve during its open-state 30.
[0097] In this preferred embodiment, the notation 29
is shaped so as to indicate an extent of the movement
of the aortic valve leaflets when the valve changes from
its open state to its closed state or vice versa..
[0098] The catheter 44 may by indicated at the aortic
valve image 20 and/or the display image 22 by a linear
marking as an overlay.
[0099] As a further result, showing the display image
22 comprising a notation 29 for instance indicating the
open-state 30 of the aortic valve and the movement ex-
tent of the valve leaflets may support a physician in op-
timally position the catheter 44 in advancing towards the
aortic valve prior to passing it and thereby reduce a risk
of damaging the leaflets of the aortic valve.
[0100] In an example, the aortic valve image 20 relates
to an X-ray image of at least a part of the aortic valve of
the heart. The system 24 may be used to provide such
an image. In an example, the image-data signal g relates
to an X-ray image-data signal of the system 24. The im-
age-data signal g may be provided by an X-ray detector
32 of the system 24.
[0101] In an example, the body-surface signal b relates
to a signal of a human body detected at its skin. In a
further example, the body-surface signal b relates to a
non-invasive body signal. The body-surface signal b may
be detected at the skin of the body, either directly or in-
directly. For instance, the body-surface signal b may be
detected with the detector 38 having direct contact with
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the skin of the human body 36. However, a detector 38
may be provided, which can be arranged at a distance
or apart to the skin of the body 36, however, being able
to detect a body-surface signal b of the human body 36
at its skin.
[0102] In an example, the image-data signal g may be
time invariant. For example, the image-data signal g may
relate to an X-ray image-data signal, which has been
produced once and provided to the input interface 12 of
the apparatus 10. Thus, a signal line 46 may be provided
between the detector 32 and the input interface 12 for
transmitting the image-data signal g.
[0103] In a further example, the image-data signal g
may be provided from a C-arm X-ray unit comprising the
detector 32 to the input interface 12 via the signal line 46.
[0104] In an alternative example, the image-data sig-
nal g may be a time variant. Thus, the image-data signal
g may indicate the aortic valve image in a time variant
manner. Accordingly, the aortic valve image 20 may be
a time variant image. The aortic valve image 20 may il-
lustrate movements of the aortic valve corresponding to
the image-data signal g.
[0105] In a further example, the image-data signal g
and/or the body-surface signal b are provided by a server.
[0106] In an example, the image-data signal g and the
body-surface signal b are synchronous, time variant sig-
nals. Further, the image-data signal g and the body-sur-
face signal b may be synchronous, live, time variant sig-
nals.
[0107] The aortic valve of the heart is periodically
opened and closed. In an example, the aortic valve is at
its open-state, if at least 70% of an aortic valve cross-
section is of free passage. In an example, the aortic valve
is at is closed-state, if at most 30% of the aortic valve
cross-section is of free passage. Between a closed-state
and an open-state 30, the aortic valve may be at an in-
termediate-state. The states of the aortic valve may cor-
relate to a beat of the heart and/or may be a function of
the beat of the heart. The beat of the heart may be de-
tected at the surface of a human, to which the heart be-
longs to. For instance, a blood pressure signal may be
detected at the surface of the human. The blood pressure
signal may be a function of the beat of the heart. Corre-
spondingly, the states, and in particular the open-state
30, of the aortic valve may be a function of the blood
pressure signal. Further, a body-surface signal may be
a nerve signal, which can be detected at the surface of
the human. The nerve signal may relate to the heart of
the human. Thus, the nerve signal may indicate a beat
of the heart. Correspondingly, a state of the aortic valve,
in particular an open-state 30 of the aortic valve, may be
a function of an electronic signal of a nerve of the human.
Further signals, which can be detected at the surface of
the human, may represent a signal, which may be used
as an argument of a function to determine an open-state
30 of the aortic valve.
[0108] Body-surface signals b is usually easily to de-
tect. Thus, providing information about the open-state 30

of the aortic valve may be easily provided by calculating
the open-state 30 of the aortic valve on the basis of the
body-surface signal b.
[0109] Further, the display signal d comprises the dis-
play signal components. Thus, the display image 22 dis-
played by the display unit 16 may show information about
the aortic valve and about the open-state 30 of the aortic
valve, at least in case the aortic valve is at its open-state
30.
[0110] As a result, the apparatus 10 provides a display
image 22, which allows to easily receiving information
about the aortic valve and a good time, when a catheter
44 may be advanced in order to pass the aortic valve.
[0111] According to an example, the body-surface sig-
nal b is a blood pressure signal.
[0112] The blood pressure of a human increases and
decreases periodically in correspondence to a beat of
the heart. Consequently, a heartbeat may be determined
from a blood pressure signal. Further, an open-state 30
of an aortic valve may be determined on the basis of a
heartbeat. Thus, the open-state 30 of the aortic valve
may also be determined on the basis of the blood pres-
sure signal.
[0113] In an example, the blood pressure signal as the
body surface signal b may be detected via a tactile blood
pressure sensor 38. Accordingly, a blood pressure signal
provided by the blood pressure sensor is a non-invasive
signal. Furthermore, the blood pressure signal is a non-
tomographic signal. The blood pressure signal can be
easily detected. Corresponding detection elements are
known and provided in the state of the art.
[0114] In an example, the blood pressure signal may
be detected via a surface image camera. An increase of
the blood pressure may tighten a skin of a human. A
decrease of the blood pressure may relax the skin. These
changes of the skin can be detected via surface image
camera. Consequently, a blood pressure signal can be
determined on the basis of the signal provided by the
surface image camera.
[0115] As an effect, non-invasive detection elements
can be used to provide a body-surface signal b, and in
particular a blood pressure signal. Such detection ele-
ments can be easily implemented and are of low cost.
Furthermore, a complexity of a catheter can be limited,
since no further detection elements have to be contained
by the catheter 44 in order to provide a timing for the
advancing of the catheter 44 when being in front of the
aortic valve.
[0116] According to a further example, the body-sur-
face signal b is an ECG-signal indicating an electric ac-
tivity of the heart.
[0117] The ECG-signal relates to an Electrocardiogra-
phy signal. The ECG-signal may be detected with elec-
trodes placed on a human’s body surface. The electrodes
may detect electrical changes on the skin that arise from
the heart muscle depolarizing during each heartbeat.
Thus, the ECG-signal may be detected via an ECG de-
tection unit, in particular comprising an ECG sensor.
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[0118] In an example, the ECG-signal may be a live
ECG-signal.
[0119] As an effect of the ECG-signal being the body-
surface signal b relates to the short time delay between
the movement and/or the beat of the heart and the cor-
respondingly measured ECG-signal. The ECG-signal
may be a real time signal. Thus, the states of the aortic
valve, in particular the open-state 30 of the aortic valve,
can be determined precisely. Furthermore, the states of
the aortic valve, in particular the open-state 30 of the
aortic valve, may be determined in real time.
[0120] In Fig. 3, an example of a periodic ECG-signal
of a human body 36 as the body-surface signal b is
shown. The characteristic points q, r, s, t, preferably re-
lating to the qrs-complex, indicate the systolic phase of
a heart of the human body 36.
[0121] According to a further example, the processing
unit 14 is configured to recognize a start 48 of the open-
state 30 of the aortic valve based on a predefined start-
open signal course 50 of the body-surface signal b,
wherein the processing unit 14 is configured to recognize
an end 52 of the open-state 30 of the aortic valve based
on a predefined end-open signal course 54 of the body-
surface signal b.
[0122] Thus, a start 48 and an end 52 of the open-state
30 of the aortic valve may be recognized from the ECG-
signal. The time from the start 48 of the open-state 30 to
the end 52 of the open-state 30 may define an open-state
time period of the aortic valve.
[0123] The heartbeat usually has a periodic character.
Consequently, a body-surface signal b, which allows de-
termining states of the aortic valve, may also have peri-
odic character. Thus, a part of the body-surface signal b
at each period may be characteristic for the start 48 of
the open-state. Another part of the body-surface signal
b at the same period may be characteristic for the end
52 of the open-state 30 of the aortic valve. Said parts of
the body-surface signal b may be defined by signal cours-
es, which may be recognized at each period of the body-
surface signal b and thus being representative for the
start 48 of the open-state 30 and the end 52 of the open-
state 30, respectively.
[0124] In an example, known signal detection steps
may be performed in order to identify the start-open signal
course and/or the end-open signal course at the body-
surface signal b. The detection may be the basis for rec-
ognizing the start 48 of the open-state 30 of the aortic
valve and/or the end 52 of the open-state 30 of the aortic
valve, respectively.
[0125] In an example, at least two characteristic points
q, r of the body-surface signal b following each other in-
dicating the start of a systolic phase of the heart charac-
terizes the start-open signal course.
[0126] In a further example, at least two characteristic
points t, u of the body-surface signal b following each
indicating the end of the systolic phase of the heart char-
acterize the end-open signal course.
[0127] As a result, known detection techniques may

be used for detecting the characteristic points q, r, s, t, u
for each period of the heartbeat. On the basis of the de-
tected characteristic points q, r, s, t, u the start 48 of the
open-state 30 of the aortic valve and/or the end 52 of the
open-state 30 of the aortic valve may be determined.
[0128] As a further result, robust method steps can be
used to determine the open-state 30 of the aortic valve,
since the determination of the open-state 30 may be
based on signals and pre-processed results, which can
be provided with known detection techniques. Thus, the
determination of the open-state 30 of the aortic valve may
also be robust.
[0129] According to a further example, the processing
unit 14 is configured to determine a closed-state 56 of
the aortic valve on the basis of the body-surface signal
b, wherein the processing unit 14 is configured to calcu-
late, on the basis of the determined closed-state 56 of
the aortic valve, a further display signal component (here-
inafter also "third display component") for signaling the
aortic valve as closed during the closed-state 56 of the
aortic valve.
[0130] As explained above, the processing unit 14 is
configured to provide a display signal d comprising the
display signal components. Thus, the display signal is
based on all display signal components, also on the third
display signal component.
[0131] As a result, the display image may represent
the closed-state 56 by the notation 29 to illustrate the
aortic valve as closed during the closed-state of the aortic
valve. A physician can directly see at the display image
22, whether the aortic valve is opened or closed. During
the closed-state 56 of the aortic valve, an advancing of
the catheter 44 may be stopped, at least in case the cath-
eter 44 is positioned in front of the aortic valve.
[0132] It is understood that, without repeating here all
the examples, features and explanations provided with
reference to the open-state 30 of the aortic valve, the
determination of the closed-state 56 of the aortic valve
on the basis of the body-surface signal b may be per-
formed analogous to the determination of the open-state
30 of the aortic valve on the basis of the body-surface
signal b.
[0133] According to a further example, the processing
unit 14 is configured to recognize a start of the closed
state 56 of the aortic valve based on a predefined start-
close signal course of the body-surface signal b, wherein
the processing unit 14 is configured to recognize an end
of the closed-state 56 of the aortic valve based on a pre-
defined end-close signal course of the body-surface sig-
nal b.
[0134] In an example, at least two characteristic points
t, u of the body-surface signal b following each other in-
dicating a start of a diastolic phase of the heart charac-
terize the start-close signal course.
[0135] In an example, at least two characteristic points
p, q of the body-surface signal b following each other
indicating an end of a diastolic phase of the heart char-
acterize the end-close signal course.
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[0136] In an example, the characteristic points t, u, p,
q indicate the diastolic phase of the heart. Accordingly,
the characteristic points t, u may indicate a start of the
diastolic phase and/or the start 58 of the closed-state 56
of the aortic valve. The characteristic points p, q may
indicate an end of the diastolic phase and/or the end 60
of the closed-state 56 of the aortic valve.
[0137] According to a further example, the processing
unit 14 is configured to calculate, on the basis of the ECG-
signal, a fourth display signal component for displaying
an ECG-signal image 62.
[0138] Examples of the ECG-image 62 as an overlay
are shown in the display image 22, as exemplarily shown
in Fig. 5 and Fig. 6
[0139] It is understood that, without repeating here the
effect of a further display signal component, the display
signal 22 may comprise the ECG image 62. In an exam-
ple, the display image 22 comprises an ECG-signal im-
age 62 in overlay and/or adjacent to the aortic valve im-
age 20.
[0140] In a further example, the ECG-signal image 62
is at least partly transparent.
[0141] In a further example, the ECG-signal may be
an ECG live signal.
[0142] Consequently, a physician may receive from
the display image 22 the aortic valve image 20, the ECG-
image 62 and the notation 29 indicating whether the aortic
valve is at its open-state 30 or closed state 56. The no-
tation 29 may also comprise a further state, namely an
intermediate-state of the aortic valve, wherein the inter-
mediate-state may be between the open-state 30 and
the closed-state 56, and/or vice versa.
[0143] As an effect, the display image 22 may provide
a compact overview about relevant information of the aor-
tic valve, especially in case a catheter 44 is supposed to
be passed through the aortic valve.
[0144] According to a further example, the processing
unit 14 is configured to calculate the second display com-
ponent, such that the open-state 30 of the aortic valve is
marked at the ECG-signal image 62 between the start
48 of the open-state 30 of the aortic valve and the end
52 of the open-state 30 of the aortic valve.
[0145] In an example, a marker 64 having a rectangular
form may be used to mark the open-state 30 of the aortic
valve at the ECG-signal image 62.
[0146] In an example, a further marker 66 having a
rectangular form may be used to mark the closed-state
56 of the aortic valve at the ECG-signal image 62, in
particular between the start 58 of the closed-state 56 of
the aortic valve and the end 60 of the closed-state 56 of
the aortic valve.
[0147] In an example, the marker 64, 66 may be at
least partly transparent and/or may be arranged in over-
lay to the ECG-signal image 62.
[0148] According to a further example, the processing
unit 14 is configured to calculate the second display com-
ponent, such that at least a part of the aortic valve image
20 is highlighted with a first color between the start 48 of

the open-state 30 of the aortic valve and the end 52 of
the open-state 30 of the aortic valve.
[0149] According to a further example, the processing
unit 14 is configured to calculate the third display image
component, such that at least a part of the aortic valve
image 20 is highlighted with a second color between the
start 58 of the closed-state 56 of the aortic valve and the
end 60 of the closed-state 56 of the aortic valve.
[0150] In an example, the first color is different to the
second color.
[0151] In an example, the first color is green and the
second color is red.
[0152] In an example, the highlightings are each at
least partly transparent.
[0153] According to a further example, the processing
unit 14 is configured to recognize, based on the image-
data signal g, a tip-position of a tip 68 of a catheter 44 in
the aortic valve image 20 and/or the display image 22,
wherein the processing unit 14 is configured to recognize,
based on the image-data signal g, a valve-position of the
aortic valve in the aortic valve image 20 and/or the display
image 22, and wherein the processing unit 14 is config-
ured to calculate a catheter-distance between the tip-
position and the valve-position, and wherein the process-
ing unit 14 is configured to enable the second and/or the
third signal component to be a part of the display signal
d, in case the catheter-distance is smaller than a prede-
fined minimum-distance, and disabling the second
and/or third signal component to be a part of the display
signal otherwise.
[0154] As an effect, the display image 22 may comprise
the information about a state of the aortic valve, in case
catheter 44 is close to the aortic valve. Thus, the infor-
mation about the state of the aortic valve is just displayed,
in case the information is needed. Consequently, infor-
mation provided at a respective display can be reduced.
This may increase the concentration of a physician when
using the apparatus 10 and/or the system 24.
[0155] Fig. 7 exemplarily shows another example of
the apparatus 10.
[0156] According to a further example, the apparatus
10 may comprise an acoustic output unit 70, wherein the
processing unit 14 is configured to calculate, on the basis
of the determined open-state 30 of the aortic valve, an
acoustic signal m for signaling the aortic valve as open
during the open-state 30 of the aortic valve, and wherein
the acoustic output unit 70 is configured to acoustically
indicate the open-state of the aortic valve on the basis
of the acoustic signal m.
[0157] As an effect, a physician using the apparatus
10 may acoustically hear, when the aortic valve is at its
open-state 30 and thus recognizes the acoustic signal m
as a good time for advancing the catheter 44.
[0158] As a further effect, a user, in particular the phy-
sician may not need to look at the display unit 16 in order
to receive the information about the state of the aortic
valve, in particular about the open-state 30 of the aortic
valve. Consequently, the physician may concentrate on
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other aspects for placing the catheter 44 at the desired
position.
[0159] Fig. 8 exemplarily shows another example of
the apparatus 10.
[0160] According to a further example, the apparatus
10 comprises an output unit 72, wherein the processing
unit 14 is configured to calculate, on the basis of the de-
termined open-state 30 of the aortic valve, an output sig-
nal n for signaling the aortic valve as open during the
open-state 30 of the aortic valve and wherein the output
unit 72 is configured to provide the output signal n for
further purposes.
[0161] As an effect, the output signal n may be provided
to a further unit of the apparatus or to a further device.
At the further unit or the further device, the output signal
n may be provided to the attention of the user, in particular
to a physician. This may be done optically, acoustically
and/or haptically.
[0162] Fig. 9 exemplarily shows another example of
the apparatus 10.
[0163] According to a further example, the apparatus
10 comprises a catheter 44 and a signal connection 74,
wherein the signal connection 74 connects the output
unit 70 of the apparatus 10 and the catheter 44, wherein
the catheter 44 comprises a handle 76 to operate the
catheter 44, and wherein the catheter 44 comprises at
or next to the handle 76 a haptic unit 78, for instance
comprising a vibration element, configured to haptically
indicate the open-state 30 of the aortic valve on the basis
of the output signal.
[0164] As an effect, the user of the apparatus 10 han-
dling the catheter 44 may haptically receive the informa-
tion about the open-state 30 of the aortic valve. Thus,
the physician may not need to look at a display unit 16
of the apparatus 10 and thus being able to concentrate
on other issues while advancing the guide wire and/or
the catheter 44 through the aortic valve.
[0165] It is understood that, without repeating here all
the examples and explanations provided with reference
to the apparatus and/or system of the invention, the meth-
od 80 of the invention may be configured to carry out
functional features thereof. Thus, all of the above exam-
ples and explanations, although firstly provided with ref-
erence to the apparatus, may also to be intended as being
implemented by the method 80 of the invention. This can
be achieved, for example, by means of suitable software.
[0166] According to a third aspect of the invention, as
exemplarily shown in Fig. 10, a method 80 for signaling
a state of an aortic valve is provided, comprising the fol-
lowing:
In a first receiving step 82, also referred to as step a), an
image-data signal g indicating an aortic valve image 20
of the heart is received.
[0167] In a second receiving step 84, also referred to
as step b) a time variant, body-surface signal b indicating
a beat of the heart is received.
[0168] In a determining step 86, also referred to as step
c) an open-state 30 of the aortic valve on the basis of the

body-surface signal b is determined.
[0169] In an illustrating step 88, also referred to as step
d) the aortic valve image 20 of the aortic valve is illustrated
on the basis of the image-data signal g. In a signaling
step 90, also referred to as step e) the aortic valve is
signaled as open during the open-state 30 of the aortic
valve and simultaneously to the illustration of the aortic
valve image 20.
[0170] In an example, the step c) of the method 80
comprises the sub-step c1): recognizing a start 48 of the
open-state 30 of the aortic valve based on a predefined
start-open signal course 50 of the body-surface signal b;
and the sub-step c2): recognizing an end 52 of the open-
state 30 of the aortic valve based on a predefined end-
open signal course 54 of the body-surface signal b.
[0171] In a further example, the step c) of the method
80 comprises the sub-step c3): determining a closed-
state 56 of the aortic valve on the basis of the body-sur-
face signal b; and the sub-step c4): calculating, on the
basis of the determined closed-state 56 of the aortic
valve, a third display signal component for signaling the
aortic valve as closed during the closed-state 56 of the
aortic valve.
[0172] In a further example, the step c) of the method
80 comprises the sub-step c5): recognizing a start 58 of
the closed-state 56 of the aortic valve based on a prede-
fined start-close signal course of the body-surface signal;
and the sub-step c6): recognizing an end 60 of the closed-
state 56 of the aortic valve based on a predefined end-
close signal course of the body-surface signal b.
[0173] In an example, the step e) of the method 80
comprises the sub-step e1): illustrating the ECG signal
image simultaneously to the illustration of the aortic valve
image 20.
[0174] In an example, the step e) of the method 80
comprises the sub-step e2):
marking the open-state 30 of the aortic valve at the ECG
signal image 62 between the start 48 of the open-state
30 of the aortic valve and the end 52 of the open-state
30 of the aortic valve. In an example, the step e) of the
method 80 comprises the sub-step e3): highlighting at
least a part the aortic valve image with a first color be-
tween the start 48 of the open-state 30 of the aortic valve
and the end 52 of the open-state 30 of the aortic valve.
[0175] In an example, the step c) of the method 80
comprises the sub-step c7): recognizing, based on the
image-data signal g, a tip-position of a tip 68 of a catheter
44 in the aortic valve image 20; and the sub-step c8):
recognizing, based on the image-data signal g, a valve-
position of the aortic valve in the aortic valve image 20;
and the sub-step c9): calculating a catheter-distance be-
tween the tip-position and the valve-position.
[0176] In an example, the step e) of the method 80
comprises the sub-step e4): enabling during the open-
state 30 to signal the aortic valve as open and/or to mark
the open-state 30 of the aortic valve and/or to highlight
at least a part the aortic valve image with a first color;
and disabling otherwise to signal the aortic valve as open
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and/or to mark the open-state 30 of the aortic valve and/or
to highlight at least a part the aortic valve image with a
first color.
[0177] In an example, the method comprises the step
f): indicating the open-state 30 and/or the closed-state
56 of the aortic valve acoustically and/or haptically.
[0178] According to a fourth aspect of the present in-
vention, a computer program element is provided, which,
when being executed by a processing unit, is adapted to
carry out the method described above.
[0179] According to a fifth aspect of the present inven-
tion, a computer-readable medium having stored thereon
a program element is provided, which, when being exe-
cuted by a processing unit, is adapted to carry out the
method described above.
[0180] It has to be noted that embodiments of the in-
vention are described with reference to different subject
matters. In particular, some embodiments are described
with reference to an insert whereas other embodiments
are described with reference to the apparatus. However,
a person skilled in the art will gather from the above that,
unless otherwise notified, in addition to any combination
of features belonging to one subject matter also any com-
bination between features relating to different subject
matters is considered to be disclosed with this applica-
tion. However, all features can be combined providing
synergetic effects that are more than the simple summa-
tion of the features.
[0181] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive. The invention
is not limited to the disclosed embodiments. but defined
by the appended claims.
[0182] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing a claimed invention, from a study of the
drawings, the disclosure, and the dependent claims.
[0183] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single interface
or other unit may fulfil the functions of several items re-
cited in the claims. The mere fact that certain measures
are re-cited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage. Any reference signs in the claims
should not be construed as limiting the scope.

Claims

1. Apparatus (10) for supporting an aortic valve inter-
vention, comprising:

- an input interface (12); and
- a processing unit (14);
- wherein the input interface (12) is configured
to receive i) an image-data signal g representing

an X-ray image (20) of an aortic valve of a heart
and ii) a time variant, body-surface signal b in-
dicating a beat of the heart;
wherein an interventional device (44) is at least
partly present in the X-ray image;
wherein the processing unit (14) is configured
to determine an open-state and/or closed-state
(30, 56) of the aortic valve on the basis of a pre-
defined signal course of the body-surface signal
b;
wherein the processing unit (14) is further con-
figured to generate a display signal component
for signaling the aortic valve as i) open during a
determined open-state (30) of the aortic valve,
or as ii) closed during a determined closed-state
(56) of the aortic valve;
wherein the processing unit (14) is further con-
figured to generate a display signal (d) repre-
senting a display image (22) comprising the X-
ray image and the display signal component;
and
wherein the display image (22) shows an overlay
of at least a part of the aortic valve, at least par-
tially the interventional device (44) and a nota-
tion (29) indicating whether the aortic valve is in
the open-state or closed-state;
wherein the apparatus further comprises a dis-
play unit (16) for displaying the display image
(22).

2. Apparatus according to claim 1, wherein the body-
surface signal b is a blood pressure signal.

3. Apparatus according to claim 1, wherein the body-
surface signal b is an ECG signal indicating an elec-
tric activity of the heart.

4. Apparatus according to any of the claims 1 to 3,
wherein the processing unit (14) is configured to cal-
culate, i) on the basis of the determined closed-state
(56) of the aortic valve, a further display signal com-
ponent for signaling the aortic valve as closed during
the determined closed-state (56) of the aortic valve,
or ii) on the basis of the determined open-state (30)
of the aortic valve, a further display signal component
for signaling the aortic valve as open during the de-
termined open-state (30) of the aortic valve.

5. Apparatus according to claim 4, wherein the
processing unit (14) is configured to recognize a start
(48, 58) and an end (52, 60) of the open-state (30)
and/or the closed-state (56) of the aortic valve based
on a respective predefined start-close signal course
and/or predefined end-close signal course of the
body-surface signal b.

6. Apparatus according to any of the claims 3 to 5,
wherein the processing unit (14) is configured to cal-
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culate, on the basis of the ECG signal, a fourth dis-
play signal component for displaying an ECG signal
image (62).

7. Apparatus according to claim 6, wherein the
processing unit (14) is configured to calculate the
display component, such that the open-state (30) of
the aortic valve is marked at the ECG signal image
(62) between the start (48) of the open-state of the
aortic valve and the end (52) of the open-state of the
aortic valve.

8. Apparatus according to any of the claims 1 to 7,
wherein the processing unit (14) is configured to cal-
culate the display signal component such that at
least a part the aortic valve image (20) is highlighted
with a first color between the start (48) of the open-
state of the aortic valve and the end (52) of the open-
state of the aortic valve.

9. Apparatus according to claim 8, wherein a shape of
the highlighted part is indicative of an area covered
by a movement of the aortic valve between the open-
state and the closed-state.

10. Apparatus according to any of the claims 1 to 9,
wherein the processing unit (14) is configured to rec-
ognize a tip-position of a tip (68) of a catheter and a
valve-position of the aortic valve in the aortic valve
image; wherein the processing unit (14) is configured
to calculate a catheter-distance between the tip-po-
sition and the valve-position; and wherein the
processing unit (14) is configured to enable the dis-
play signal component and/or the further display sig-
nal component to be a part of the display signal d,
in case the catheter-distance is smaller than a pre-
defined minimum-distance, and disabling the display
signal component and/or the further display signal
component otherwise.

11. Apparatus according to any of the claims 1 to 10,
further comprising an acoustic output unit (70),
wherein the processing unit (14) is configured to cal-
culate, on the basis of the determined open-state
(30) of the aortic valve, an acoustic signal m for sig-
naling the aortic valve as open during the open-state
(30) of the aortic valve, and wherein the acoustic
output unit (70) is configured to acoustically indicate
the open-state (30) of the aortic valve on the basis
of the acoustic signal m.

12. System (24) for signaling a state of an aortic valve,
comprising:

- an apparatus (10) according to any of the
claims 1 to 11;
- an X-ray imaging unit (26) for acquiring the
aortic valve image (20); and

- a body-surface signal detection unit (28) for
providing the body-surface signal (b).

13. Method (80) for signaling a state of an aortic valve,
comprising the steps:

a) receiving (82) an image-data signal g repre-
senting an X-ray image of an aortic valve of a
heart; wherein an interventional device is at least
partly present in the X-ray image;
b) receiving (84) a time variant, body-surface
signal b indicating a beat of the heart;
c) determining (86) an open-state and/or closed-
state (30, 56) of the aortic valve on the basis of
a predefined signal course of the body-surface
signal b;
d) generating a display signal component for sig-
naling the aortic valve as i) open during a deter-
mined open-state (30) of the aortic valve, and/or
ii) closed during a determined closed-state (56)
of the aortic valve; and
e) generating a display signal (d) representing
a display image (22) comprising the X-ray image
and the display signal component; and
(f) displaying an overlay of at least a part of the
aortic valve, at least partially the interventional
device and a notation indicating whether the aor-
tic valve is in the open-state or closed-state.

14. A computer program product comprising instructions
which, when being executed by the processing unit
(14) of the apparatus according to any of the claims
1-12, cause said apparatus to perform the method
steps of claim 13.

15. A computer readable medium having stored thereon
the program product of claim 14.

Patentansprüche

1. Vorrichtung (10) zur Unterstützung eines Eingriffs
an einer Aortenklappe, umfassend:

- eine Eingabeschnittstelle (12); und
- eine Verarbeitungseinheit (14);
- wobei die Eingabeschnittstelle (12) dafür aus-
gelegt ist, i) ein Bilddatensignal g, das ein Rönt-
genbild (20) einer Aortenklappe eines Herzens
darstellt, und ii) ein zeitvariantes Körperoberflä-
chensignal b, das einen Schlag des Herzens an-
zeigt, zu empfangen; wobei eine für den Eingriff
verwendete Vorrichtung (44) zumindest zum
Teil in dem Röntgenbild vorhanden ist;
wobei die Verarbeitungseinheit (14) dafür aus-
gelegt ist, einen Offen-Zustand und/oder einen
Geschlossen-Zustand (30, 56) der Aortenklap-
pe auf der Basis eines vordefinierten Signalver-
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laufs des Körperoberflächensignals b festzu-
stellen;
wobei die Verarbeitungseinheit (14) ferner dafür
ausgelegt ist, eine Anzeigesignalkomponente
zu erzeugen, die signalisiert, dass die Aorten-
klappe i) offen ist, während der festgestellte Zu-
stand der Aortenklappe Offen (30) ist, oder ii)
geschlossen ist, während der festgestellte Zu-
stand der Aortenklappe Geschlossen (56) ist;
wobei die Verarbeitungseinheit (14) ferner dafür
ausgelegt ist, ein Anzeigesignal (d) zu erzeu-
gen, das ein Anzeigebild (22) darstellt, welches
das Röntgenbild und die Anzeigesignalkompo-
nente umfasst, und wobei das Anzeigebild (22)
eine Überlagerung zeigt aus zumindest einem
Teil der Aortenklappe, zumindest zum Teil der
für den Eingriff verwendeten Vorrichtung (44)
und einer Anmerkung (29), die angibt, ob die
Aortenklappe im Offen-Zustand oder im Ge-
schlossen-Zustand ist;
wobei die Vorrichtung ferner eine Anzeigeein-
heit (16) zum Anzeigen des Anzeigebilds (22)
umfasst.

2. Vorrichtung nach Anspruch 1, wobei das Körpero-
berflächensignal b ein Blutdrucksignal ist.

3. Vorrichtung nach Anspruch 1, wobei das Körpero-
berflächensignal b ein EKG-Signal ist, das eine elek-
trische Aktivität des Herzens angibt.

4. Vorrichtung nach einem der Ansprüche 1 bis 3, wo-
bei die Verarbeitungseinheit (14) dafür ausgelegt ist,
i) auf Basis des festgestellten Geschlossen-Zu-
stands (56) der Aortenklappe eine weitere Anzeige-
signalkomponente, die signalisiert, dass die Aorten-
klappe geschlossen ist, während der festgestellte
Zustand der Aortenklappe Geschlossen (56) ist,
oder ii) auf Basis des festgestellten Offen-Zustands
(30) der Aortenklappe eine weitere Anzeigesignal-
komponente, die signalisiert, dass die Aortenklappe
offen ist, während der festgestellte Zustand der Aor-
tenklappe Offen (30) ist, zu berechnen.

5. Vorrichtung nach Anspruch 4, wobei die Verarbei-
tungseinheit (14) dafür ausgelegt ist, einen Anfang
(48, 58) und ein Ende (52, 60) des Offen-Zustands
(30) und/oder des Geschlossen-Zustands (56) der
Aortenklappe auf Basis eines jeweiligen vordefinier-
ten Schließen-Anfang-Signalverlaufs und/oder ei-
nes vordefinierten Schließen-Ende-Signalverlaufs
des Körperoberflächensignals b zu erkennen.

6. Vorrichtung nach einem der Ansprüche 3 bis 5, wo-
bei die Verarbeitungseinheit (14) dafür ausgelegt ist,
auf Basis des EKG-Signals eine vierte Anzeigesig-
nalkomponente zum Anzeigen eines EKG-Signal-
bilds (62) zu berechnen.

7. Vorrichtung nach Anspruch 6, wobei die Verarbei-
tungseinheit (14) dafür ausgelegt ist, die Anzeige-
komponente so zu berechnen, dass der Offen-Zu-
stand (30) der Aortenklappe auf dem EKG-Signalbild
(62) zwischen dem Anfang (48) des Offen-Zustands
der Aortenklappe und dem Ende (52) des Offen-Zu-
stands der Aortenklappe markiert wird.

8. Vorrichtung nach einem der Ansprüche 1 bis 7, wo-
bei die Verarbeitungseinheit (14) dafür ausgelegt ist,
die Anzeigekomponente so zu berechnen, dass zu-
mindest ein Teil des Aortenklappenbilds (20) mit ei-
ner ersten Farbe zwischen dem Anfang (48) des Of-
fen-Zustands der Aortenklappe und dem Ende (52)
des Offen-Zustands der Aortenklappe mit einer ers-
ten Farbe hervorgehoben wird.

9. Vorrichtung nach Anspruch 8, wobei eine Form des
hervorgehobenen Teils einen Bereich angibt, der
von einer Bewegung der Aortenklappe zwischen
dem Offen-Zustand und dem Geschlossen-Zustand
abgedeckt wird.

10. Vorrichtung nach einem der Ansprüche 1 bis 9, wo-
bei die Verarbeitungseinheit (14) dafür ausgelegt ist,
eine Spitzenposition einer Spitze (68) eines Kathe-
ters und eine Klappenposition der Aortenklappe in
dem Aortenklappenbild zu erkennen; wobei die Ver-
arbeitungseinheit (14) dafür ausgelegt ist, einen Ka-
theterabstand zwischen der Spitzenposition und der
Klappenposition zu berechnen; und wobei die Ver-
arbeitungseinheit (14) dafür ausgelegt ist, zuzulas-
sen, dass die Anzeigesignalkomponente und/oder
die weitere Anzeigesignalkomponente Teil des An-
zeigesignals d ist/sind, falls der Katheterabstand
kleiner ist als ein vorgegebener Mindestabstand,
und andernfalls die Anzeigesignalkomponente
und/oder die weitere Anzeigesignalkomponente
nicht zuzulassen.

11. Vorrichtung nach einem der Ansprüche 1 bis 10, fer-
ner eine akustische Ausgabeeinheit (70) umfas-
send, wobei die Verarbeitungseinheit (14) dafür aus-
gelegt ist, auf Basis des festgestellten Offen-Zu-
stands (30) der Aortenklappe ein akustisches Signal
m zu berechnen, das signalisiert, dass die Aorten-
klappe offen ist, während der Zustand der Aorten-
klappe Offen (30) ist, und wobei die akustische Aus-
gabeeinheit (70) dafür ausgelegt ist, den Offen-Zu-
stand (30) der Aortenklappe auf Basis des akusti-
schen Signals m akustisch anzugeben.

12. System (24) zum Signalisieren eines Zustands einer
Aortenklappe, umfassend:

- eine Vorrichtung (10) nach einem der Ansprü-
che 1 bis 11;
- eine Röntgenbilderzeugungseinheit (26) zum
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Aufnehmen des Aortenklappenbilds (20); und
- eine Oberflächensignal-Erfassungseinheit
(28), um das Oberflächensignal (b) bereitzustel-
len.

13. Verfahren (80) zum Signalisieren eines Zustands ei-
ner Aortenklappe, die folgenden Schritte umfas-
send:

a) Empfangen (82) eines Bilddatensignals g,
das ein Röntgenbild einer Aortenklappe eines
Herzens darstellt; wobei eine für einen Eingriff
verwendete Vorrichtung zumindest zum Teil in
dem Röntgenbild vorhanden ist;
b) Empfangen (84) eines zeitvarianten Körpero-
berflächensignals b, das einen Schlag des Her-
zens angibt;
c) Bestimmen (86) eines offenen Zustands
und/oder eines geschlossenen Zustands (30,
56) der Aortenklappe auf der Basis eines vor-
definierten Signalverlaufs des Körperoberflä-
chensignals b;
d) Erzeugen einer Anzeigesignalkomponente
zum Signalisieren, dass die Aortenklappe i) of-
fen ist, während ein festgestellter Zustand der
Aortenklappe Offen (30) ist, und/oder ii) ge-
schlossen ist, während ein festgestellter Zu-
stand der Aortenklappe Geschlossen (56) ist;
und
e) Erzeugen eines Anzeigesignals (d), das ein
Anzeigebild (22) darstellt, welches das Rönt-
genbild und die Anzeigesignalkomponente um-
fasst, und
f) Anzeigen einer Überlagerung von zumindest
einem Teil der Aortenklappe, zumindest zum
Teil der für den Eingriff verwendeten Vorrich-
tung und einer Anmerkung, die angibt, ob die
Aortenklappe im Offen-Zustand oder im Ge-
schlossen-Zustand ist.

14. Computerprogrammprodukt, Befehle umfassend,
die, wenn sie von der Verarbeitungseinheit (14) der
Vorrichtung nach einem der Ansprüche 1-12 ausge-
führt werden, bewirken, dass die Vorrichtung die
Verfahrensschritte nach Anspruch 13 durchführt.

15. Computerlesbares Medium, in dem das Programm-
produkt nach Anspruch 14 gespeichert ist.

Revendications

1. Appareil (10) d’aide à une intervention valvulaire aor-
tique, comprenant :

- une interface d’entrée (12) ; et
- une unité de traitement (14) ;
- dans lequel l’interface d’entrée (12) est conçue

pour recevoir i) un signal de données d’image g
représentant une image par rayons X (20) d’une
valve aortique d’un cœur et ii) une variante tem-
porelle, un signal de surface corporelle b indi-
quant un battement du cœur ;
dans lequel un dispositif interventionnel (44) est
au moins partiellement présent dans l’image par
rayons X ;
dans lequel l’unité de traitement (14) est conçue
pour déterminer un état ouvert et/ou fermé (30,
56) de la valve aortique en fonction d’une tra-
jectoire de signal prédéfinie du signal de surface
corporelle b ; dans lequel l’unité de traitement
(14) est en outre conçue pour générer une com-
posante de signal d’affichage pour signaler la
valve aortique en tant que i) ouverte dans un
état ouvert (30) déterminé de la valve aortique,
ou en tant que ii) fermée dans un état fermé (56)
déterminé de la valve aortique ;
dans lequel l’unité de traitement (14) est en outre
conçue pour générer un signal d’affichage (d)
représentant une image d’affichage (22) com-
prenant l’image par rayons X et la composante
de signal d’affichage ; et
dans lequel l’image d’affichage (22) montre une
superposition d’au moins une partie de la valve
aortique, au moins partiellement le dispositif in-
terventionnel (44) et une notation (29) indiquant
si la valve aortique est dans l’état ouvert ou dans
l’état fermé ;
dans lequel ledit appareil comprend en outre
une unité d’affichage (16) pour afficher l’image
d’affichage (22) .

2. Appareil selon la revendication 1, dans lequel le si-
gnal de surface corporelle b est un signal de pression
sanguine.

3. Appareil selon la revendication 1, dans lequel le si-
gnal de surface corporelle b est un signal ECG indi-
quant une activité électrique du cœur.

4. Appareil selon l’une quelconque des revendications
1 à 3, dans lequel l’unité de traitement (14) est con-
çue pour calculer, i) en fonction de l’état fermé (56)
déterminé de la valve aortique, une autre compo-
sante de signal d’affichage pour signaler la valve aor-
tique en tant que fermée dans l’état fermé (56) dé-
terminé de la valve aortique, ou ii) en fonction de
l’état ouvert (30) déterminé de la valve aortique, une
autre composante de signal d’affichage pour signa-
ler la valve aortique en tant que ouverte dans l’état
ouvert (30) déterminé de la valve aortique.

5. Appareil selon la revendication 4, dans lequel l’unité
de traitement (14) est conçue pour reconnaître un
début (48, 58) et une fin (52, 60) de l’état ouvert (30)
et/ou de l’état fermé (56) de la valve aortique en fonc-
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tion d’une trajectoire de signal de début-fermeture
prédéfinie respective et/ou d’une trajectoire de si-
gnal de fin-fermeture prédéfinie du signal de surface
corporelle b.

6. Appareil selon l’une quelconque des revendications
3 à 5, dans lequel l’unité de traitement (14) est con-
çue pour calculer, en fonction du signal ECG, une
quatrième composante de signal d’affichage pour af-
ficher une image de signal ECG (62).

7. Appareil selon la revendication 6, dans lequel l’unité
de traitement (14) est conçue pour calculer la com-
posante d’affichage de telle sorte que l’état ouvert
(30) de la valve aortique est marqué sur l’image de
signal ECG (62) entre le début (48) de l’état ouvert
de la valve aortique et la fin (52) de l’état ouvert de
la valve aortique.

8. Appareil selon l’une quelconque des revendications
1 à 7, dans lequel l’unité de traitement (14) est con-
çue pour calculer la composante de signal d’afficha-
ge de telle sorte qu’au moins une partie de l’image
de la valve aortique (20) est mise en évidence à l’aide
d’une première couleur entre le début (48) de l’état
ouvert de la valve aortique et la fin (52) de l’état
ouvert de la valve aortique.

9. Appareil selon la revendication 8, dans lequel une
forme de la partie mise en évidence est indicative
d’une zone couverte par un mouvement de la valve
aortique entre l’état ouvert et l’état fermé.

10. Appareil selon l’une quelconque des revendications
1 à 9, dans lequel l’unité de traitement (14) est con-
çue pour reconnaître une position de pointe d’une
pointe (68) d’un cathéter et une position de valve de
la valve aortique dans l’image de valve aortique ;
dans lequel l’unité de traitement (14) est conçue pour
calculer une distance de cathéter entre la position
de pointe et la position de valve ; et dans lequel l’uni-
té de traitement (14) est conçue pour permettre à la
composante de signal d’affichage et/ou à l’autre
composante de signal d’affichage de faire partie du
signal d’affichage d, au cas où la distance du cathéter
est inférieure à une distance minimale prédéfinie, et
pour désactiver la composante de signal d’affichage
et/ou l’autre composante de signal d’affichage res-
pectivement.

11. Appareil selon l’une quelconque des revendications
1 à 10, comprenant en outre une unité de sortie
acoustique (70), dans lequel l’unité de traitement
(14) est conçue pour calculer, en fonction de l’état
ouvert (30) déterminé de la valve aortique, un signal
acoustique m pour signaler que la valve aortique est
ouverte dans l’état ouvert (30) de la valve aortique,
et dans lequel l’unité de sortie acoustique (70) est

conçue pour indiquer de manière acoustique l’état
ouvert (30) de la valve aortique en fonction du signal
acoustique m.

12. Système (24) de signalisation d’un état d’une valve
aortique, comprenant :

- un appareil (10) selon l’une quelconque des
revendications 1 à 11 ;
- une unité d’imagerie par rayons X (26) pour
acquérir l’image de la valve aortique (20) ; et
- une unité de détection de signal de surface
corporelle (28) pour fournir le signal de surface
corporelle (b).

13. Procédé (80) de signalisation d’un état d’une valve
aortique, comprenant les étapes suivantes :

a) la réception (82) d’un signal de données
d’image g représentant une image par rayons
d’une valve aortique d’un cœur ;
dans lequel un dispositif interventionnel est au
moins partiellement présent dans l’image par
rayons X ;
b) la réception (84) d’une variante temporelle,
un signal de surface corporelle b indiquant un
battement du cœur,
c) la détermination (86) d’un état ouvert et/ou
fermé (30, 56) de la valve aortique en fonction
d’une trajectoire de signal prédéfinie du signal
de surface corporelle b ;
d) la génération d’une composante de signal
d’affichage pour signaler la valve aortique en
tant que i) ouverte dans un état ouvert (30) dé-
terminé de la valve aortique, et/ou ii) fermée
dans un état fermé (56) déterminé de la valve
aortique ; et
e) la génération d’un signal d’affichage (d) re-
présentant une image d’affichage (22) compre-
nant l’image par rayons X et la composante de
signal d’affichage ; et
(f) l’affichage d’une superposition d’au moins
une partie de la valve aortique, au moins par-
tiellement le dispositif interventionnel et une no-
tation indiquant si la valve aortique est à l’état
ouvert ou fermé.

14. Produit de programme informatique comprenant des
instructions, lesquelles, lorsqu’elles sont exécutées
par l’unité de traitement (14) dudit appareil selon
l’une quelconque des revendications 1 à 12, amè-
nent ledit appareil à mettre en œuvre les étapes du
procédé selon la revendication 13.

15. Support lisible par ordinateur sur lequel le produit de
programme selon la revendication 14 est mémorisé.
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