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Apparatus, method and computer program for determining a property of a heart.

FIELD OF THE INVENTION

The present invention relates to an apparatus, a method and a computer

program for determining a property of a heart.

BACKGROUND OF THE INVENTION

Apparatuses for determining a property of a heart are used, for example, in the

field of interventional treatment for atrial fibrillation. During the interventional procedure

cardiac tissue is denaturized by applying energy. For example, in radio frequency (RF)

catheter ablation radio frequency energy is applied to the cardiac tissue by an ablation

catheter, wherein due to resistive losses in the tissue the myocardium is heated up and the

heated muscle cells in the cardiac tissue die off and lose their biological function. Since the

optimal parameters for ablation, such as power and duration, vary largely due to sizeable

intra- and inter-patient differences in thickness of the local heart wall, perfusion, blood

pressure, etc., it is important to be able to monitor the progress of the lesion development in

the tissue and, preferentially, the depth of the lesion with respect to the thickness of the tissue

at the treatment site, to prevent damages to the patient caused by underheating or overheating

of the ablation site. Ablation catheters that are used in practice therefore provide feedback

about properties of the heart, including, for example, local conduction (electrograms), tissue

impedance and/or temperature.

US 2004/0181 139 A l discloses an apparatus for determining a property of a

heart. The apparatus comprises a catheter for electrical ablation of a vessel/heart and for

monitoring the quality of the lesion by determining the tissue impedance or the electrical

signal strength at the ablation site. These local properties of the heart, however, only provide

limited information about the progress of the lesion and, in particular, about the depth of the

lesion with respect to the thickness of the tissue at the treatment site.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an apparatus, a method and a

computer program for determining a property of a heart, which provides further information



about the heart, which can be used for a better and/or more reliable characterization of the

heart.

In an aspect of the present invention an apparatus for determining a property

of a heart is presented, wherein the apparatus comprises:

- a catheter comprising a first property sensing unit for sensing a contraction

signal indicative of a reoccurring local contraction of the heart at a sensing site of the heart

and

a first property determining unit for determining the reoccurring local

contraction of the heart at the sensing site from the sensed contraction signal as a first

property of the heart.

Since the first property sensing unit is comprised by a catheter and adapted to

sense the contraction signal at the sensing site and since the first property determining unit

determines the reoccurring local contraction of the heart at the sensing site from the sensed

contraction signal, the reoccurring local contraction can be determined locally at the sensing

site within a heart of a person or of an animal. This allows for a better and/or more reliable

characterization of the heart in particular, for a better and/or more reliable appraisal of the

behavior of the heart.

Preferentially, the catheter is an ablation catheter and/or a diagnostic catheter.

Moreover, the heart can be a complete heart, for example, an entire heart of a person, or it

can be only a part of a heart, such as a ventricle or atrium or simply a confined region of

cardiac tissue.

The term "reoccurring local contraction" denotes that the contraction of the

heart at the sensing site is a contraction that occurs repeatedly, that is, it occurs more than just

once. Moreover, the term also denotes that the contraction occurs locally at the sensing site,

which means that it is not the global contraction performed by the heart for pumping blood

through the blood vessels. Furthermore, the considered "reoccurring local contraction" is

autonomous, that is, it is not induced, for example, by applying energy to the heart, but it is

caused by the functional behavior of the heart itself. Preferentially, the reoccurring local

contraction of the heart at the sensing site is periodic or substantially periodic, for example, if

the heart is a heart of a person suffering from atrial fibrillation, the inter-contraction period,

that is, the period between two subsequent reoccurring local contractions of the heart at the

sensing site is related to, in particular, may be equal to, the atrial fibrillation cycle length.

Moreover, if the reoccurring local contraction of the heart at the sensing site is periodic or



substantially periodic, the period of the reoccurring local contraction itself may change over

time, for example, the period may become shorter or longer.

The term "sensing site" denotes a confined region or spot of the heart for

which a contraction signal that is indicative of the reoccurring local contraction of the heart

in that confined region or at that spot is sensed.

The contraction signal is preferentially sensed at a plurality of points in time

(sampling instances) with a sampling rate that is higher than twice the bandwidth of the

reoccurring local contraction of the heart at the sensing site. This makes it possible to avoid -

at least to some extent - errors or inaccuracies in the determination of the reoccurring local

contraction caused by aliasing effects. In an alternative, the contraction signal may also be

sensed continuously over time, in which case it may subsequently be converted to a time-

discrete representation for further processing.

Preferentially, the reoccurring local contraction of the heart at the sensing site

of the heart is determined based on temporal changes of the sensed contraction signal.

The present invention may be used, for example, in the field of cardiac

ablation for treatment of atrial fibrillation, where the activation of cardiac tissue by an

electrical impulse triggers intracellular events, including changes in calcium level, resulting

in a (intracellular calcium-dependent) reoccurring local contraction of cardiac muscle cells.

This effect is known as "excitation-contraction coupling". Providing the clinician with

information about such reoccurring local contractions and the changes therein may allow

him/her to better and/or more reliable appraise the behavior of the heart in response to

electrical impulses.

For example, during a successful cardiac ablation procedure the atrial

fibrillation cycle length usually increases (indicating that the tissue substrate becomes less

arrhythmogenic) due to a reduction in circulating wavelets. This behavior may be monitored

by measuring local electrical activation, however, electrograms are usually very difficult to

interpret and may not always be accurate due to disturbances caused, for example, by far-

field potentials or radio frequency noise. Since the gradual increase in atrial fibrillation cycle

length may also be reflected by an increase in the period and/or the force of the reoccurring

local contraction at the ablation site, the determination of the reoccurring local contraction of

the heart at the ablation site may facilitate an improved monitoring of the progress of the

electrical isolation of the arrhythmogenic substrate and the lesion development in the tissue

and, preferentially, of the depth of the lesion with respect to the thickness of the tissue at the

treatment site.



Additionally or alternatively, the determination of a reoccurring local

contraction of the heart at a sensing site may help to identify dissociation of excitation-

contraction coupling, that is, the case where an electrical pulse in the cardiac tissue at the

sensing site does not result in a local contraction at the sensing site, or to localize non-

contracting scar tissue. A dissociation of excitation-contraction coupling can, for example, be

identified by comparing the determined contraction at the sensing site with an electrical

signal which might also be detected at the sensing site. If an electrical signal is detected at the

sensing site, which is not followed by a contraction at the sensing site, a dissociation of

excitation-contraction coupling is detected. For example, a temporal threshold can be

predefined, wherein, if the temporal distance between the detection of an electrical signal and

a local contraction is larger than the predefined temporal threshold, it is determined that a

dissociation of excitation-contraction coupling is present at the sensing site. The

identification of the location of ventricular scar tissue from determined reoccurring local

contractions of the heart may help, for example, in finding a suitable spot for the positioning

of pacemaker lead electrodes.

It is preferred that the first property determining unit is adapted to determine a

periodicity and/or phase of the reoccurring local contraction. For example, the first property

determining unit can be adapted to determine the periodicity and/or the phase of the

contraction signal as the periodicity and/or phase, respectively, of the reoccurring local

contraction. The phase is preferentially determined with respect to a reference. The reference

is, for example, a reoccurring local contraction determined for a certain point in time. If an

ablation procedure is performed, the reference is, for example, the reoccurring local

contraction immediately before starting the ablation procedure. For example, the

determination of the periodicity and/or phase of the reoccurring local contraction of the heart

at the sensing site of the heart (and the temporal changes therein) during an ablation

procedure can be used to monitor the progress of the electrical isolation of the

arrhythmogenic substrate and the lesion development in the cardiac tissue and, preferentially,

the depth of the lesion with respect to the thickness of the cardiac tissue at the treatment site,

as will be described in more detail further below.

Preferentially, the periodicity and/or phase of the reoccurring local contraction

is determined with a high accuracy, preferentially with an accuracy of about 50 ms or higher,

more preferentially with an accuracy of about 10 ms or higher, even more preferentially with

an accuracy of about 5 ms or higher.



It is further preferred that the apparatus comprises a reference signal providing

unit for providing a reoccurring reference signal and that the first property determining unit is

adapted to determine the periodicity and/or phase of the reoccurring local contraction with

respect to the reoccurring reference signal. This allows determining a relationship that may

exist between the reoccurring reference signal and the reoccurring local contraction of the

heart at the sensing site. It is thereby preferred that the reference signal providing unit is

adapted to provide a reoccurring reference signal that is dependent on an attribute of the

heart. For example, the reference signal providing unit may be an electrocardiograph for

measuring an ECG (electrocardiogram) signal representing the heart rate and rhythm as the

reoccurring reference signal. The determination of the periodicity and/or phase of the

reoccurring local contraction of the heart at the sensing site with respect to the measured

ECG signal then allows determining the relationship between the cardiac cycle and the

reoccurring local contraction. In particular, if the reoccurring local contraction is determined

at different sensing sites of the heart, the knowledge about the relationship between the

cardiac cycle and the reoccurring local contraction at the different sensing sites makes it

possible to determine the sequence in which different parts of the heart are activated.

Preferentially, the first property determining unit is adapted to determine an

amplitude of the reoccurring local contraction. Determining the amplitude, that is, the force

of the reoccurring local contraction of the heart at the sensing site of the heart, allows

providing further information about the heart that may allow for a better and/or more reliable

characterization of the heart. For example, the determination of the amplitude of the

reoccurring local contraction of the heart at the sensing site of the heart (and the temporal

changes therein) during an ablation procedure may further facilitate monitoring the progress

of the electrical isolation of the arrhythmogenic substrate and the lesion development in the

cardiac tissue and, preferentially, the depth of the lesion with respect to the thickness of the

cardiac tissue at the treatment site, as will be explained in more detail further below.

It is preferred that the first property determining unit is adapted to determine

the reoccurring local contraction based on temporal changes of the sensed contraction signal.

This allows for a simple determination of the reoccurring local contraction of the heart at the

sensing site. For example, if the contraction signal is sensed at a plurality of points in time

(sampling instances) or, alternatively, if it is converted to a time-discrete representation after

it has been sensed continuously over time, the reoccurring local contraction of the heart at the

sensing site may be determined based on the changes of the contraction signal between

subsequent points in time. These temporal changes of the contraction signal between



subsequent points in time are preferentially quantified by calculating a difference between the

sampling values of the contraction signal at neighboring points in time or by calculating a

correlation.

In particular, it is preferred that the first property sensing unit is adapted to

sense the contraction signal at different points in time and that the first property determining

unit is adapted to apply a similarity measure for comparing the sensed contraction signal at

neighboring points in time resulting in similarity values indicating the similarity of the sensed

contraction signal at the neighboring points in time, to determine non-similarity points in

time by comparing the similarity values to a threshold, and to determine at least one of the

periodicity and the phase of the reoccurring local contraction of the heart from the

determined non-similarity points in time.

Preferentially, the first property sensing unit is an acoustic sensing unit for

emitting acoustic waves for being reflected at one or more depths within the heart and for

receiving the reflected acoustic waves, wherein the sensed contraction signal depends on the

received acoustic waves. Acoustic sensing can be used for sensing a heart and, in particular,

for sensing a heart at different depths within the cardiac tissue. The acoustic sensing of a

contraction signal that depends on received acoustic waves reflected at one or more depths

within the cardiac tissue provides sufficient information about the heart at the sensing site to

make it possible to determine the reoccurring local contraction of the heart at the sensing site

with a high quality.

Preferentially, the frequency of the acoustic waves used for the acoustic

sensing of the heart is greater than 20 MHz in order to provide a spatial resolution that allows

for a high-quality determination of the reoccurring local contraction of the heart at the

sensing site of the heart.

It is preferred that the acoustic sensing unit comprises an ultrasound

transducer, which may be a single element ultrasound transducer or an ultrasound transducer

array (each with or without a fluid lens). For example, if the first property sensing unit

comprises a single element ultrasound transducer, the acoustic sensing unit may emit a single

beam of ultrasound waves and sense a contraction signal representing reflections of the

ultrasound waves reflected at one or more depths within the cardiac tissue. The contraction

signal corresponding to a point in time can be regarded as an 'A- line', which represents the

amplitude of the reflections as a function of the time required for the return of the reflected

ultrasound waves, and, thus, the depth of the reflecting cardiac tissue with respect to the

ultrasound transducer.



By sensing the contraction signal at a plurality of points in time (sampling

instances) or, alternatively, by converting it to a time-discrete representation after it has been

sensed continuously over time, a plurality of 'A-lines' are acquired which can be stacked

together to obtain a matrix. The reoccurring local contraction of the heart at the sensing site

may then be determined by analyzing the changes between subsequent 'A-lines' of this

matrix. In particular, a similarity measure for comparing the sensed contraction signal at

neighboring points in time may be applied, resulting in similarity values indicating the

similarity of the sensed contraction signal at the neighboring points in time and non-

similarity points in time may be determined by comparing the similarity values to a

threshold. From the determined non-similarity points in time, the periodicity and/or phase of

the reoccurring local contraction of the heart may then be determined.

As an alternative to an acoustical sensing, the first property sensing unit can

also use another imaging modality. For example, the first property sensing unit can be an

optical sensing unit using optical imaging with, for example, visible or infrared light from a

laser or from another light source. Thus, instead of an acoustic sensing unit an optical sensing

unit emitting and receiving, for example, infrared light may be used as the first property

sensing unit, wherein the contraction signal represents reflections of the infrared light

reflected at different depths within the heart.

It is preferred that the catheter comprises a further property sensing unit for

sensing a property signal indicative of a further property of the heart at the sensing site and

that the apparatus comprises a further property determining unit for determining the further

property of the heart at the sensing site from the sensed property signal. This makes it

possible to provide further information about a heart that may allow for a better and/or more

reliable characterization of the heart. For example, the further property sensing unit and the

further property determining unit may be adapted to determine an electrical property like the

local conduction (electrograms) and/or tissue impedance of the heart at the sensing site.

Additionally or alternatively, the further property sensing unit may comprise, for example, a

temperature sensor for sensing a temperature signal indicative of a temperature of the heart at

the sensing site and the further property determining unit may be adapted to determine the

temperature of the heart at the sensing site from the sensed temperature signal.

Preferentially, the catheter comprises an energy applying unit for applying

energy to the heart. A catheter comprising an energy applying unit for applying energy to the

heart makes it possible to apply a treatment to the heart. For example, the catheter may

preferentially be used for performing an ablation procedure for the treatment of atrial



fibrillation. The energy applying unit preferentially comprises an electrode for applying radio

frequency energy to the cardiac tissue, but it may also utilize other known energy applying

methods, such as cooling or cauterizing. Preferentially, the energy applying unit is adapted

for applying energy to the heart at the sensing site.

It is preferred that the energy applying unit is adapted to ablate the heart and

that the apparatus comprises an ablation progress determining unit for determining a progress

of ablation based on the determined reoccurring local contraction. For example, the progress

of the electrical isolation of the arrhythmogenic substrate and the lesion development in the

cardiac tissue and, preferentially, the depth of the lesion with respect to the thickness of the

cardiac tissue at the treatment site, may be determined based on a periodicity and/or phase

and/or amplitude of the determined reoccurring local contraction. For example, in an

embodiment, it is assumed that with progressing ablation the amplitude of the determined

reoccurring local contraction decreases. A certain decrease of the amplitude can then be

correlated with a certain ablation progress, for example, by calibration measurements.

Moreover, in an embodiment, it is assumed that an increasing period of the determined

reoccurring local contraction indicates an increasing progression of ablation. A certain

increase of the period can therefore be correlated with a certain ablation progress. In

particular, the ablation progress determining unit can be calibrated such that an increase of a

period of the determined reoccurring local contraction and/or a decrease of the amplitude

indicates the depth in the cardiac tissue, to which the ablation has been progressed.

Generally, if ablation progresses, the periodicity and/or the phase and/or the amplitude of the

determined reoccurring local contraction is modified. Preferentially, by calibration

measurements or by known relations between a progression of ablation and a modification of

the determined reoccurring local contraction the ablation progress determining unit is adapted

to determine a progress of ablation based on a modification of the periodicity and/or phase

and/or amplitude of the determined reoccurring local contraction. Moreover, in an

embodiment the periodicity and/or phase and/or amplitude of the reoccurring local

contraction is determined at the sensing site of the heart for different depths within the

cardiac tissue, wherein the individual behavior of these values at the different depths can be

further utilized to determine the ablation progress at the sensing site.

Preferentially, the apparatus comprises a position determining unit for

determining a position of the sensing site. This allows determining a relationship that may

exist between the anatomy of the heart and the position of the sensing site of the heart for

which the reoccurring local contraction of the heart is determined. The position of the sensing



site may be determined, for example, using electrical or magnetic localization or GPS

(Global Positioning System). For instance, the catheter can be provided with elements being

visible in an external imaging system for determining the position of the catheter, in

particular, of the catheter tip. In an embodiment, the catheter tip can comprise a localization

coil, wherein the position of the localization coil, and, thus, of the catheter can be determined

within a magnetic resonance imaging system.

In particular, if the reoccurring local contraction of the heart is determined at

different sensing sites of the heart and the positions of the different sensing sites are

determined, these determined positions make it possible to determine similarities, variations

and/or other characteristics of the reoccurring local contraction of the heart at the different

sensing sites in dependence of the positions of the different sensing sites.

Preferentially, the position of the sensing site is determined with respect to a

reference frame. Such a reference frame may be, for example, a local or global, two- or three-

dimensional coordinate system (with which a model of the heart may be registered) or a two-

or three-dimensional model or map of the heart providing anatomical information about the

heart. For example, the reference frame may be a global tree-dimensional coordinate system

with which a three-dimensional model of the heart is registered or it may itself be a three-

dimensional anatomical model of the heart.

It is further preferred that the first property sensing unit and the first property

determining unit are adapted to determine the reoccurring local contraction at different

sensing sites of the heart, that the position determining unit is adapted to determine the

positions of the different sensing sites, that the apparatus further comprises a map generation

unit for generating a contraction map of the heart based on the determined reoccurring local

contraction at the different sensing sites and the determined positions of the different sensing

sites, and that the contraction map represents the reoccurring local contraction at the positions

of the different sensing sites.

Such a contraction map allows providing information about the heart that may

allow for a better and/or more reliable appraisal of a behavior of the heart. For example, a

contraction map of the heart may help to identify dissociation of excitation-contraction

coupling, that is, the case where an electrical pulse in the cardiac tissue at the sensing site

does not result in a local contraction at the sensing site, or to localize non-contracting scar

tissue. The identification of the location of ventricular scar tissue from determined local

contraction patterns may help, for example, in finding a suitable spot for the positioning of

pacemaker lead electrodes.



It is further preferred that the catheter comprises a further property sensing

unit for sensing a property signal indicative of a further property of the heart at the sensing

site, wherein the apparatus comprises a further property determining unit for determining the

further property of the heart at the sensing site from the sensed property signal, wherein the

further property sensing unit and the further property determining unit are adapted to

additionally determine the further property at the different sensing sites of the heart, and

wherein the map generation unit is adapted to generate a contraction map of the heart which

additionally represents the further property at the positions of the different sensing sites based

on the determined further property at the different sensing sites and the determined positions

of the different sensing sites.

A contraction map that additionally represents a further property of the heart

makes it possible to provide further information about the heart that may allow for a better

and/or more reliable characterization of the heart.

In a further aspect of the present invention a method for determining a

property of a heart is provided, wherein the method comprises the following steps:

sensing a contraction signal indicative of a reoccurring local contraction of the

heart at a sensing site of the heart by means of a first property sensing unit comprised in a

catheter and

determining the reoccurring local contraction of the heart at the sensing site

from the sensed contraction signal as a first property of the heart by means of a first property

determining unit.

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

determining a property of a heart is provided, wherein the computer program comprises

program code means for causing a computer to carry out the steps of the method as defined in

claim 13, when the computer program is run on a computer controlling an apparatus as

defined in claim 1.

In a further aspect of the present invention a contraction map of a heart is

provided, the contraction map representing a reoccurring local contraction of the heart at

different positions of sensing sites of the heart. Preferentially, the contraction map is

generated based on the reoccurring local contraction at the different sensing sites and the

determined positions of the different sensing sites. The positions of the different sensing sites

are preferentially determined by a position determining unit and the reoccurring local

contraction is preferentially determined at the different sensing sites by a first property

determining unit from a contraction signal indicative of the reoccurring local contraction of



the heart. Preferentially, the contraction signal is sensed by a first property sensing unit

comprised by a catheter.

It shall be understood that the apparatus of claim 1, the method of claim 13,

the computer program of claim 14, and the contraction map of claim 15 have similar and/or

identical preferred embodiments, in particular, as defined in the dependent claims.

It shall be understood that preferred embodiments of the invention can also be

any combination of the dependent claims with a respective independent claim.

BRIEF DESCRIPTION OF THE DRAWINGS

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

with reference to the embodiments described hereinafter. In the following drawings

Fig. 1 shows schematically and exemplarily an embodiment of an apparatus

for determining a property of a heart,

Figs. 2A, 2B show schematically and exemplarily two embodiments of a

distal end of a catheter for use in an apparatus for determining a property of a heart,

Fig. 3 shows schematically and exemplarily the sensing of a contraction

signal indicative of a reoccurring local contraction of a heart at a sensing site of the heart by a

first property sensing unit,

Fig. 4 shows schematically and exemplarily the temporal behavior of a

contraction signal indicative of a reoccurring local contraction of a heart sensed at a sensing

site of the heart by a first property sensing unit,

Figs. 5A to 5C serve to illustrate the determination of a reoccurring local

contraction of a heart at a sensing site of the heart from a sensed contraction signal.

Fig. 6 shows schematically and exemplarily the temporal behavior of a

contraction signal indicative of a reoccurring local contraction of a heart sensed at a sensing

site of the heart by a first property sensing unit,

Figs. 7A, 7B show schematically and exemplarily two embodiments of a

distal end of a catheter for use in an apparatus for determining a property of a heart,

Fig. 8 shows schematically and exemplarily an embodiment of a contraction

map of a heart,

Fig. 9 shows a flowchart exemplarily illustrating an embodiment of a

method for determining a property of a heart,

Fig. 10 shows a flowchart exemplarily illustrating an embodiment of a

method for determining a progress of ablation during an ablation applied to a heart, and



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

method for generating a contraction map of a heart.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows schematically and exemplarily an apparatus 1 for determining a

property of a heart 2 of a patient 3. The patient 3 is located on a patient table 4 . The apparatus

1 comprises a catheter 5 comprising a first property sensing unit for sensing a contraction

signal indicative of a reoccurring local contraction of the heart 2 at a sensing site of the heart

2 . In this embodiment, the first property sensing unit is located at a distal end 6 of the

catheter 5 . The distal end 6 of the catheter 5 comprising the first property sensing unit will be

described in more detail further below.

The apparatus 1 for determining a property of a heart 2 further comprises a

catheter control unit 7, which comprises a first property determining unit 8 for determining

the reoccurring local contraction of the heart 2 at the sensing site from the contraction signal

as a first property of the heart 2 .

The catheter control unit 7 further comprises a guiding control unit 9 for

guiding the distal end 6 of the catheter 5 to the sensing site of the heart 2 . The guiding control

unit 9, in this embodiment, controls build-in guiding means (not shown in Fig. 1) of the

catheter 5 . In another embodiment, the catheter 5 can, for example, also be steered and

navigated by the use of steering-wires in order to passively guide the distal end 6 of the

catheter 5 to the desired location within the heart 2 . Also, the steering-wires can be controlled

by the guiding control unit 9 . Alternatively, a magnetic or other guiding of the distal end 6 of

the catheter 5 to the sensing site of the heart 2 can be employed.

During the guidance of the distal end 6 of the catheter 5 to the sensing site of

the heart 2 and preferentially also during the sensing of the contraction signal a fluoroscopy

device 60 images the position of the distal end 6 of the catheter 5 within the patient 3 and, in

particular, within the heart 2 . The fluoroscopy device 60 comprises an X-ray source 15,

which generates an X-ray beam 16, which is schematically shown in Fig. 1, for traversing a

region of the patient 3, in which the catheter 5, in particular, the distal end 6 of the catheter 5,

is present. After the X-ray beam 16 has traversed the patient 3, the X-ray beam 15 is detected

by an X-ray detector 17. The X-ray source 15 and the X-ray detector 17 are controlled by a

fluoroscopy control unit 18, which preferentially also comprises a display for showing a

fluoroscopy image.



In another embodiment, instead of a fluoroscopy device, another imaging

device, for example, a magnetic resonance imaging device, an ultrasonic imaging device or a

computed tomography imaging device, can be used for imaging the position of the distal end

6 of the catheter 5 within the patient 3 and, in particular, within the heart 2 .

Fig. 2A shows schematically and exemplarily an embodiment of a distal end 6

of a catheter 5 for use in an apparatus 1 for determining a property of a heart 2 . Similar

reference signs in the figures indicate similar elements.

In the embodiment shown in Fig. 2A, the catheter 5 comprises a first property

sensing unit 2 1 for sensing a contraction signal indicative of a reoccurring local contraction

of the heart 2 at a sensing site 22 of the heart 2 . The first property sensing unit 2 1 is

connectable to the first property determining unit 8, shown in Fig. 1, via a connection 23

suitable for conveying the contraction signal from the first property sensing unit 2 1 to the

first property determining unit 8. The connection 23 can be, for example, an electrical

connection or an optical connection.

In this embodiment, the first property sensing unit 2 1 is an acoustic sensing

unit for emitting acoustic waves 24 for being reflected at one or more depths within the heart

2 and for receiving the reflected acoustic waves 24. The sensed contraction signal depends on

the received acoustic waves 24. In another embodiment, the first property sensing unit 2 1 can

also use another imaging modality. For example, the first property sensing unit 2 1 can be an

optical sensing unit using optical imaging with, for example, visible or infrared light from a

laser or from another light source. Thus, instead of an acoustic sensing unit an optical sensing

unit emitting and receiving, for example, infrared light may be used as the first property

sensing unit 21, wherein the contraction signal represents reflections of the infrared light

reflected at different depths within the heart 2 .

The first property sensing unit 21, which in this embodiment is an acoustic

sensing unit, comprises an ultrasound transducer 25, in particular, in this embodiment, a

single element ultrasound transducer 25. Such a single element ultrasound transducer is

capable of emitting and receiving a beam of ultrasound waves, that is, acoustic waves 24. In

another embodiment, the first property sensing unit 2 1 can further comprise a liquid lens or

the ultrasound transducer 25 can be an ultrasound transducer array. The use of a single

element ultrasound transducer with a liquid lens or of an ultrasound transducer array makes it

possible to sense the heart 2 over a larger sensing range. In another embodiment, the first

property sensing unit 2 1 can also comprise several ultrasound transducers, that is, the first



property sensing unit 2 1 can comprise a single ultrasound transducer or several ultrasound

transducers.

In order to allow for the transmission of the acoustic waves 24, in particular,

the ultrasound waves 24, the catheter 5 is preferentially filled with a transmission medium

like a solid or a fluid (not shown in Fig. 2A), for example a cooling fluid or other fluid.

In the embodiment shown in Fig. 2A, the catheter 5 comprises an energy

applying unit 26 for applying energy to the heart 2 . The energy applying unit 26 comprises a

catheter electrode 27, in particular, in this embodiment, a radio frequency catheter electrode

27, which is connectable to an electrical energy source 10 comprised by the catheter control

unit 7, shown in Fig. 1, of the apparatus 1 for determining a property of a heart 2, via a

contact lead (not shown in Fig. 2A). Thus, electrical energy, in this embodiment, radio

frequency energy, can be applied to the heart 2 via the energy applying unit 26 of the catheter

5 . The catheter electrode 27, in particular, in this embodiment, the radio frequency catheter

electrode 27, is an acoustically transparent electrode, for example, a TPX electrode with a

thin metallic coating on the frontside or an electrode made of another acoustically transparent

material such as doped polymer. In another embodiment, the energy applying unit 26 can also

use another energy source, such as laser, cryothermy, high intensity ultrasound or

microwaves.

In this embodiment, the energy applying unit 26 is adapted to ablate the heart

2 . The apparatus 1, in particular, the catheter control unit 7, comprises an ablation progress

determining unit 11, shown in Fig. 1, for determining a progress of ablation based on the

determined reoccurring local contraction of the heart 2 at the sensing site 22 of the heart 2 .

Preferentially, a periodicity and/or phase and/or amplitude of the determined reoccurring

local contraction is used to determine the progress of ablation. For example, in an

embodiment, it is assumed that with progressing ablation the amplitude of the determined

reoccurring local contraction decreases. A certain decrease of the amplitude can then be

correlated with a certain ablation progress, for example, by calibration measurements.

Moreover, in an embodiment, it is assumed that an increasing period of the determined

reoccurring local contraction indicates an increasing progression of ablation. A certain

increase of the period can therefore be correlated with a certain ablation progress. In

particular, the ablation progress determining unit can be calibrated such that an increase of a

period of the determined reoccurring local contraction and/or a decrease of the amplitude

indicates the depth in the cardiac tissue, to which the ablation has been progressed.

Generally, if ablation progresses, the periodicity and/or the phase and/or the amplitude of the



determined reoccurring local contraction is modified. Preferentially, by calibration

measurements or by known relations between a progression of ablation and a modification of

the determined reoccurring local contraction the ablation progress determining unit is adapted

to determine a progress of ablation based on a modification of the periodicity and/or phase

and/or amplitude of the determined reoccurring local contraction. Moreover, it the periodicity

and/or phase and/or amplitude of the reoccurring local contraction is determined at the

sensing site of the heart for different depths within the cardiac tissue, the individual behavior

of these values at the different depths can be further utilized to determine the ablation

progress at the sensing site.

Fig. 2B shows schematically and exemplarily a further embodiment of a distal

end 6 of a catheter 5 for use in an apparatus 1 for determining a property of a heart 2 .

In the embodiment shown in Fig. 2B, the catheter 5 differs from the one

shown in Fig. 2A in that the catheter electrode 27, in particular, in this embodiment, the radio

frequency catheter electrode 27, comprised by the energy applying unit 26, is an annular

electrode. The annular catheter electrode 27 and the first property sensing unit 2 1 together

form a kind of channel through which the acoustic waves 24 are transmitted. In order to

avoid the presence of air and/or blood in front of the first property sensing unit 21, the

channel is preferentially filled with an irrigation fluid (not shown in Fig. 2B), for example, a

saline solution, that is pumped through the lumen of the catheter 5 and that can leave the

lumen through openings 50. The lumen can be completely filled by the irrigation fluid or a

tube can be present within the lumen of the catheter 5, wherein the tube is connected to the

openings 50 such that the irrigation fluid can leave the catheter 5 through the openings 50.

Fig. 3 shows schematically and exemplarily the sensing of a contraction signal

indicative of a reoccurring local contraction of a heart 2 at a sensing site 22 of the heart 2 by

a first property sensing unit 21.

The first property sensing unit 21, which in this embodiment is an acoustic

sensing unit, emits and receives acoustic waves 24 and the sensed contraction signal

represents reflections of the acoustic waves 24 reflected at one or more depths within the

heart 2 . The sensed contraction signal corresponding to a point in time is visualized in Fig. 3

as a two-dimensional 'A-mode' image, in which the horizontal axis D of the image represents

the time required for the return of the emitted and reflected acoustic waves 24 and, thus, the

depth of the reflecting cardiac tissue with respect to the first property sensing unit 21, and in

which the vertical axis A represents the amplitude of the reflections. Alternatively, the same

information can also be visualized as a one-dimensional 'B-mode' image, in which the one



axis of the image represents the depth of the reflecting cardiac tissue with respect to the first

property sensing unit 2 1 and in which the amplitude of the reflections is encoded as a

brightness value. The contraction signal shown in Fig. 3 features noticeable peaks at a front

wall 28 and a back wall 29 of the heart 2 . The smaller peaks in between the front wall 28 and

the back wall 29 reflect the inhomogeneity of the cardiac tissue.

Fig. 4 shows schematically and exemplarily the temporal behavior of a

contraction signal indicative of a reoccurring local contraction of a heart 2 sensed at a sensing

site 22 of the heart 2 by a first property sensing unit 2 1.

In this embodiment, the temporal behavior of the contraction signal is

visualized in Fig. 4 as a two-dimensional 'M-mode' image, in which the horizontal axis T of

the image represents the time, in which the vertical axis D of the image represents the depth

of the reflecting cardiac tissue with respect to the first property sensing unit 21, which should

be considered to be located at the top of the image, and in which the amplitude of the

reflections is encoded as a brightness value B. The two-dimensional 'M-mode' image is

generated, in this embodiment, by first sensing the contraction signal at a plurality of points

in time at a sampling frequency of 20 Hz. In another embodiment, the contraction signal can

also be converted into a time-discrete representation after it has been sensed continuously

over time. Moreover, if required, a higher sampling frequency, for example, greater than 100

Hz, may also be used. The contraction signal corresponding to each point in time ('A-line') is

preferentially filtered using, for example, a Hubert filter, and the absolute amplitudes after

filtering are converted into one-dimensional 'B-mode' images which are stacked together to

obtain the two-dimensional 'M-mode' image.

Since in the situation shown in Figs. 3 and 4, the heart 2 does not exhibit a

reoccurring local contraction at the sensing site 22 and since the first property sensing unit 2 1

remained at a fixed position with respect to the heart 2 during the sensing of the contraction

signal, the 'B-lines' corresponding to different points in time do not change in the two-

dimensional 'M-mode' image resulting in a 'stripe-like' image in which the front wall 28 and

the back wall 29 are clearly recognizable.

Figs. 5A to 5C show a situation in which the heart 2 exhibits a reoccurring

local contraction at a sensing site 22 of the heart 2 . They serve to illustrate the determination

of the reoccurring local contraction of the heart 2 at the sensing site 22 of the heart 2 from a

sensed contraction signal.

Fig. 5A shows the temporal behavior of a contraction signal indicative of a

reoccurring local contraction of a heart 2 sensed at a sensing site 22 of the heart 2 by a first



property sensing unit 21. The contraction signal is visualized as a two-dimensional 'M-mode'

image as described with reference to Fig. 4 . Since the heart 2 , in this embodiment, exhibits a

reoccurring local contraction at the sensing site 22, a corresponding reoccurring local

displacement of the cardiac tissue can be recognized in the two-dimensional 'M-mode'

image. The contraction signal has been sensed, in this embodiment, with the distal end 6 of

the catheter 5 not being in direct contact with the heart 2

The reoccurring local contraction of the heart 2 at the sensing site 22 of the

heart 2 is determined based on the temporal changes of the sensed contraction signal by the

first property determining unit 8 shown in Fig. 1. In this embodiment, the reoccurring local

contraction is determined as follows.

The individual 'A-lines' corresponding to the sensed contraction signal at the

plurality o f points in time are stacked together to form a matrix A . The matrix A is

composed of column vectors A\, A , ..., A , where An, with n e [1, ..., NJ, is an 'A- line' with

elements An\, An2, ..., AnM, where Anm, with m e [1, ..., M], is the amplitude of the reflection

of an acoustic wave at a depth m within the cardiac tissue. The matrix entries from a single

row, for example, the matrix elements A n , ..., A , corresponding to a single depth across

all points in time included in the matrix A , are then compared by calculating the absolute

differences J n = Am \ as a measure of

similarity o f the sensed contraction signal at neighboring points in time. A small absolute

difference thereby indicates that the sensed contraction signal is very similar at the

considered neighboring points in time and the considered depth, whereas a large absolute

difference indicates that the sensed contraction signal is rather non-similar at the considered

neighboring points in time and the considered depth. A threshold Jthresh equal to, for example,

two-thirds of the maximum absolute difference is then taken and the non-similarity points in

time Tk\, with 1 < k < (N-I), at which the calculated similarity values 1 1, J 2 1, ..., J(#-i)i are

greater than the threshold Jthresh are found. This is repeated for all values of m, that is, for all

different depths in the cardiac tissue, yielding non-similarity points in time Tu, with 1 < / <

M, at which the threshold Jthresh is exceeded at a depth / within the cardiac tissue. A one-

dimensional histogram Hk of the non-similarity points in time Tu is then taken, wherein the

depth / of the non-similarity points in time Tu is neglected. The peaks in the histogram Hkare

then taken as the points in time which are used for determining the periodicity and/or phase

of the reoccurring local contraction of the heart.

This is shown in Fig. 5B, in which the points in time, at which a reoccurring

local contraction of the heart 2 at the sensing site 22 of the heart 2 has been determined, are



marked by white vertical lines. These points in time are also shown in Fig. 5C in a

corresponding 'binary mode' plot image, wherein it must be noted that the amplitude, in this

embodiment, does not correlate with the amplitude of the reoccurring local contraction.

From the 'binary mode' plot image shown in Fig. 5C, a cycle length,

periodicity and/or phase of the reoccurring local contraction of the heart 2 at the sensing site

22 of the heart 2 (and the changes therein) can easily be derived.

The apparatus 1 for determining a property of a heart 2, in this embodiment,

further comprises a reference signal providing unit 12, shown in Fig. 1, for providing a

reoccurring reference signal. In this embodiment, the reference signal providing unit 12 is an

electrocardiograph for measuring an ECG (electrocardiogram) signal representing the heart

rate and rhythm of the heart 2 as the reoccurring reference signal. The periodicity and/or

phase of the reoccurring local contraction of the heart 2 at the sensing site 22 of the heart 2 is

determined with respect to the reoccurring reference signal. This allows determining the

relationship between the cardiac cycle and the reoccurring local contraction at different

sensing sites 22 of the heart 2 . The knowledge about the relationship between the cardiac

cycle and the reoccurring local contraction at the different sensing sites 22 then makes it

possible to determine the sequence in which different parts of the heart 2 are activated.

While the periodicity and/or phase of the reoccurring local contraction at the

sensing site 22 of the heart 2 is determined with the above-described method irrespective of

the depth, these values can also be determined separately for different depths or depth ranges

within the cardiac tissue. This is achieved, for example, by taking for each considered depth

or depth range a separate one-dimensional histogram Hk of those non-similarity points in time

Tki that lie within the considered depth or depth range within the cardiac tissue, wherein the

depth / of these non-similarity points in time T is again neglected. The peaks in the

histogram Hkare then taken as the points in time which are used for determining the

periodicity and/or phase of the reoccurring local contraction of the heart.

Alternatively or in addition to the determination of the periodicity and/or

phase, a duration and/or an amplitude, that is, a force, of the reoccurring local contraction of

the heart 2 at the sensing site 22 of the heart 2 (and the changes therein) can also be

determined. This can be done, for example, by applying an edge detection algorithm to the

two-dimensional 'M-mode' image shown in Fig. 5A in order to extract the depth of a

recognizable part of the cardiac tissue, such as the front wall 28 or the back wall 29, at the

different points in time. The amplitude of the reoccurring local contraction can then be

calculated as the difference between the smallest and the largest depth of the extracted



recognizable part of the cardiac tissue at the different points in time. Likewise, the duration

of the reoccurring local contraction of the heart 2 at the sensing site 22 of the heart 2 can be

determined from as, for example, the minimum temporal distance between smallest depths of

the extracted recognizable part of the cardiac tissue temporarily enclosing a maximum depth

of the extracted recognizable part of the cardiac tissue. At least one of the duration and the

amplitude of the reoccurring local contraction of the heart 2 at the sensing site 22 can be

determined for different depths within the cardiac tissue by extracting recognizable parts of

the cardiac tissue.

While the determination of a reoccurring local contraction of a heart 2 at a

sensing site 22 of the heart 2 has been described for the sake of clarity with reference to the

two-dimensional 'M-mode' images shown in Figs. 5A and 5B and the corresponding 'binary

plot' image shown in Fig. 5C, it should be clear that these images do not necessarily have to

be generated in order to determine certain parameters, for example, the periodicity and/or

phase, of the reoccurring local contraction. Moreover, instead of calculating and evaluating

differences between neighboring 'A- lines' as similarity values of a similarity measure at

neighboring points in time, other ways of determining the reoccurring local contraction may

be employed additionally or in an alternative. For example, as another similarity measure for

generating similarity values of the sensed contraction signal at neighboring points in time, a

correlation between neighboring 'A-lines' can be calculated and compared to a threshold. A

correlation value below the threshold signifies a non-similarity point in time, that is, a point

in time at which the heart 2 exhibited a reoccurring local contraction at the sensing site 22 of

the heart 2 .

Fig. 6 shows schematically and exemplarily the temporal behavior of a

contraction signal indicative of a reoccurring local contraction of a heart 2 sensed at a sensing

site 22 of the heart 2 by a first property sensing unit 2 1.

In this embodiment, the contraction signal is visualized as a two-dimensional

'M-mode' image as described with reference to Fig. 4 . Since the heart 2 exhibits a

reoccurring local contraction at the sensing site 22, a corresponding reoccurring local

displacement of the cardiac tissue can be recognized in the two-dimensional 'M-mode'

image. In contrast to the two-dimensional 'M-mode' image shown in Fig. 5A, however, the

contraction signal has been sensed with the distal end 6 of the catheter 5 being in direct

contact with the heart 2 . This is the configuration that would typically apply during an

ablation procedure with a catheter 5 as shown in Figs. 2A or 2B. The reoccurring local



contraction of the heart 2 at the sensing site 22 of the heart 2 can be determined from the

sensed contraction signal according to the above-described method.

Fig. 7A shows schematically and exemplarily an embodiment of a distal end 6

of a catheter 5 for use in an apparatus 1 for determining a property of a heart 2 .

In the embodiment shown in Fig. 7A, the catheter 5 comprises a first property

sensing unit 21, which in this embodiment is an acoustic sensing unit comprising a single

element ultrasound transducer 25, for sensing a contraction signal indicative of a reoccurring

local contraction of a heart 2 at a sensing site 22 of the heart 2 . The first property sensing unit

2 1 is connectable to the first property determining unit 8, shown in Fig. 1, via a connection

23 suitable for conveying the contraction signal from the first property sensing unit 2 1 to the

first property determining unit 8. The connection 23 can be, for example, an electrical

connection or an optical connection.

The catheter 5, in this embodiment, comprises a further property sensing unit

3 1 for sensing a property signal indicative of a further property of the heart 2 at the sensing

site 22 of the heart 2 . The further property sensing unit 31, in this embodiment, comprises at

least one electrode 32 for sensing an electrical property, such as the conduction and/or

impedance of the heart 2 at the sensing site 22 of the heart 2 . The electrode 32 is an

acoustically transparent electrode, for example, a TPX electrode with a thin metallic coating

on the frontside or an electrode made of another acoustically transparent material such as

doped polymer. Additionally or alternatively, the further property sensing unit 31 can also

comprise a temperature sensor for sensing a temperature or any other sensor for sensing a

suitable further property of the heart 2 at the sensing site 22 of the heart 2 . The further

property sensing unit 3 1 is connectable to a further property determining unit 13 comprised

by the catheter control unit 7 shown in Fig. 1 of the apparatus 1 for determining a property of

a heart 2 via a connection (not shown in Fig. 7A) suitable for conveying the property signal

from the further property sensing unit 3 1 to the further property determining unit 13. The

connection can be, for example, an electrical connection or an optical connection.

The apparatus 1 for determining a property of a heart 2, in particular, in this

embodiment, the catheter 5, further comprises a position determining unit 33 for determining

a position of the sensing site 22. For example, the position of the sensing site 22 can be

determined by determining the position of the distal end 6 of the catheter 5 using electrical or

magnetic localization or GPS and by deriving the position of the sensing site 22 from the

determined position of the distal 6 of the catheter 5 . In an embodiment, the position

determining unit 33 can be a system such as LocaLisa™ or Real-Time Position



Management™. Alternatively, the position of the distal end 6 of the catheter 5 and, thus, the

position of the sensing site 22, can be extracted from real-time image data such as

fluoroscopy, magnetic resonance imaging, ultrasound imaging or computed tomography

imaging. The real-time image data can be provided, for example, by the fluoroscopy device

shown in Fig. 1.

The first property sensing unit 2 1 and the first property determining unit 8, in

this embodiment, are adapted to determine the reoccurring local contraction of the heart 2 at

different sensing sites 22 of the heart 2 and the position determining unit 33 is adapted to

determine the positions of the different sensing sites 22. For example, the distal end 6 of the

catheter 5 can be guided to different sensing site 22 of the heart 2 in order to determine the

reoccurring local contraction of the heart 2 at the different sensing sites 22 of the heart 2 and

to determine the positions of the different sensing sites 22.

Moreover, the apparatus 1 for determining a property of a heart 2, in

particular, the catheter control unit 7, comprises a map generation unit 14, shown in Fig. 1,

for generating a contraction map of the heart 2 based on the determined reoccurring local

contraction at the different sensing sites 22 and the determined positions of the different

sensing sites 22. The contraction map represents the reoccurring local contraction of the heart

2 at the positions of the different sensing sites 22.

In this embodiment, the further property sensing unit 31 and the further

property determining unit 13 are adapted to additionally determine the further property of the

heart 2 at the different sensing sites 22 of the heart 2 and the map generation unit 14 is

adapted to generate a contraction map of the heart 2 which additionally represents the further

property of the heart 2 at the positions of the different sensing sites 22 based on the

determined further property at the different sensing sites 22 and the determined positions of

the different sensing sites 22.

Fig. 7B shows schematically and exemplarily a further embodiment of a distal

end 6 of a catheter 5 for use in an apparatus 1 for determining a property of a heart 2 .

In the embodiment shown in Fig. 7B, the catheter 5 differs from the one

shown in Fig. 7A in that the electrode 32 comprised by the further property sensing unit 31 is

an annular electrode. The annular electrode 32 and the first property sensing unit 2 1 together

form a kind of channel through which the acoustic waves 24 are transmitted. In order to

avoid the presence of air and/or blood in front of the first property sensing unit 21, the

channel is preferentially filled with an irrigation fluid (not shown in Fig. 7B), for example, a

saline solution, that is pumped through the lumen of the catheter 5 and that can leave the



lumen through openings 50. The lumen can be completely filled by the irrigation fluid or a

tube can be present within the lumen of the catheter 5, wherein the tube is connected to the

openings 50 such that the irrigation fluid can leave the catheter 5 through the openings 50.

Fig. 8 shows schematically and exemplarily an embodiment of a contraction

map 40 of a heart 2 . The contraction map 40 exhibits a plurality of sensing sites 22, in Fig. 8

indicated by bullets 22, at different positions of the heart 2 . The contraction map 40

represents the reoccurring local contraction of the heart 2 at the different positions of the

sensing sites 22 of the heart 2 . This information can be presented to a user such as a clinician

in any suitable manner, for example, by intensity- and/or color-coding the periodicity and/or

phase and/or amplitude of the reoccurring local contraction of the heart 2 at the different

positions of the sensing sites 22 of the heart 2 . The contraction map 40 can be visualized, for

example, on a display.

Preferentially, the contraction map 40 additionally represents a further

property of the heart 2 at the different positions of the sensing sites 22 of the heart 2 . The

further property can be, for example, an electrical property, such as the conduction and/or

impedance of the heart 2 at the sensing sites 22 of the heart 2, or it can be a temperature or

any other suitable further property of the heart 2 at the sensing site 22 of the heart 2 . The

further property can be represented in the contraction map 40, for example, by using different

intensities and/or colors and/or shaped markers et cetera.

Fig. 9 shows a flowchart exemplarily illustrating an embodiment of a method

for determining a property of a heart 2 .

In step 101, a contraction signal indicative of a reoccurring local contraction of

the heart 2 at a sensing site 22 of the heart 2 is sensed by means of a first property sensing

unit 2 1 comprised in a catheter 5 .

In step 102, the reoccurring local contraction of the heart 2 at the sensing site

22 of the heart 2 is determined from the sensed contraction signal as a first property of the

heart 2 by means of a first property determining unit 8.

Fig. 10 shows a flowchart exemplarily illustrating an embodiment of a method for

determining a progress of ablation during an ablation applied to a heart 2 .

Before ablation starts in an initialization step 201, a contraction signal

indicative of a reoccurring local contraction of the heart 2 at a sensing site 22 of the heart 2 is

sensed by means of a first property sensing unit 2 1 comprised in a catheter 5 and a

reoccurring local contraction of the heart 2 at the sensing site 22 of the heart 2 is determined



from the sensed contraction signal as a first property of the heart 2 by means of a first

property determining unit 8. The initially determined reoccurring local contraction of the

heart provides a reference value that represents the reoccurring local contraction of the heart

2 at the sensing site 22 of the heart 2 before the start of ablation.

In step 202, energy is applied to the heart 2 at the sensing site 22 of the heart 2

by means of an energy applying unit 26 comprised in a catheter 5 for ablating cardiac tissue

at the sensing site.

In step 203, a contraction signal indicative of a reoccurring local contraction of

the heart 2 during or after ablation at a sensing site 22 of the heart 2 is sensed by means of the

first property sensing unit 2 1 comprised in the catheter 5 .

In step 204, the reoccurring local contraction of the heart 2 during or after

ablation at the sensing site 22 of the heart 2 is determined from the sensed contraction signal

as a first property of the heart 2 by means of the first property determining unit 8.

Steps 203 and 204 are executed after the start of ablation and provide a current

value that represents the reoccurring local contraction of the heart 2 at the sensing site 22 of

the heart 2 at the current state of ablation. The reference value and the respective current

value can be, for example, the periodicity and/or phase and/or amplitude and/or duration of

the reoccurring local contraction of the heart 2 at the sensing site 22 of the heart 2 .

In step 205, the progress of ablation is determined based on the determined

reoccurring local contraction by comparing the respective current value and the reference

value, for example, by calculating a difference. For example, before the start of ablation a

reference value can be determined being, for instance, a reference periodicity and/or a

reference phase and/or a reference amplitude and/or a reference duration of contraction et

cetera. This reference value is compared with the respective current value, which is

determined during ablation or after ablation has been performed, in order to determine a

change in the reoccurring local contraction of the heart at the sensing site, for example, for

determining an increasing period of the reoccurring local contraction or an decreasing

amplitude of the reoccurring local contraction. This change is preferentially used for

monitoring the ablation progress.

In step 206 it is determined whether a desired degree of ablation progress has

been reached. If this is the case, at the current sensing site the ablation is stopped in step 207

and the whole ablation procedure can be terminated or the catheter 5 can be guided to another

sensing site, wherein at these new sensing site steps 201 to 206 can be repeated. If it is

determined that the degree of ablation is not sufficient, the method continues with step 202.



For determining whether the degree of ablation is sufficient, the change determined in step

205 can be compared with a threshold, wherein, if the determined change exceeds the

threshold, it is decided that the degree of ablation is sufficient.

Steps 202 to 206 can be performed in another logical sequence. Furthermore,

some steps can be performed simultaneously, for example, step 202 and 203, 204.

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

for generating a contraction map 40 of a heart 2 .

In step 301, a contraction signal indicative of a reoccurring local contraction of

the heart 2 at a sensing site 22 of the heart 2 is sensed by means of a first property sensing

unit 2 1 comprised in a catheter 5

In step 302, the reoccurring local contraction of the heart 2 at the sensing site

22 of the heart 2 is determined from the sensed contraction signal as a first property of the

heart 2 by means of a first property determining unit 8.

In step 303, the position of the sensing site 22 is determined by means of a

position determining unit 33.

Steps 301 to 303 are repeated for a desired number of different sensing sites

22 of the heart 2 . Thereafter, the method continues to step 304.

Steps 301 and 302 and step 303 can be performed simultaneously or in any

other order. For example, step 303 can be performed before performing steps 301 and 302.

In step 304, a contraction map 40 of the heart 2 is generated based on the

determined reoccurring local contraction at the different sensing sites 22 and the determined

positions of the different sensing sites 22 by means of a map generation unit 14, wherein the

contraction map 40 represents the reoccurring local contraction at the positions of the

different sensing sites 22.

In steps 301 and 302, a further property of the heart 2 at the sensing site 22 can

be determined by using the further property sensing unit 31 and the further property

determination unit 13. For example, the conduction and/or impedance and/or temperature of

the heart 2 at the sensing site 22 of the heart 2 can be determined. In step 304, also these

determined further properties can be represented in the contraction map 40, for example, by

using different intensities and/or color and/or shaped markers et cetera.

Although the catheter comprising an energy applying unit and the catheter

comprising a further property sensing unit have been described as different embodiments, the

present invention can also be used in a combined catheter, that is, in a catheter that comprises

both an energy applying unit and a further property sensing unit. In some embodiments, the



same unit may be used both for applying energy to the heart and for determining a further

property of the heart at a sensing site of the heart.

Although in the above described embodiments certain arrangements of

elements of a catheter tip have been schematically and exemplarily described and shown in

Figs. 2A, 2B, 7A, 7B, the invention is not limited to these constructions of the catheter tip.

For example, if the annular electrode 27 is used, the catheter tip can also be manufactured

without an irrigation means. Moreover, also the catheter tip shown in Figs. 2A and 7A can

comprise an irrigation means. It is also possible that the catheter tip comprises the first

property sensing unit, which is preferentially an ultrasound transducer, without comprising an

electrode. Any apparatus for determining a property of a heart which comprises a catheter

comprising a first property sensing unit for sensing a contraction signal indicative of a

reoccurring local contraction of the heart at a sensing site of the heart and a first property

determining unit for determining the reoccurring local contraction of the heart at the sensing

site from the sensed contraction signal as a first property of the heart is within the scope of

the invention.

The contraction map can represent the reoccurring local contraction and the

further property at the same positions or at different positions, for example, the further

properties can be determined at positions being different to the positions of the sensing sites

at which the reoccurring local contraction is determined, wherein the contraction map shows

the further property and the reoccurring local contraction at the respective positions.

Furthermore, even if a further property and a reoccurring local contraction are sensed at the

same sensing site, the contraction map can show the reoccurring local contraction and the

further property side-by-side at the position of the sensing site.

While the invention has been illustrated and described in detail in the drawings

and foregoing description, such illustration and description are to be considered illustrative or

exemplary and not restrictive; the invention is not limited to the disclosed embodiments.

Other variations of the disclosed embodiments can be understood and effected by those

skilled in the art in practicing the claimed invention, from a study of the drawings, the

disclosure, and the appended claims.

In the claims, the word "comprising" does not exclude other elements or steps,

and the indefinite article "a" or "an" does not exclude a plurality.

A single device or other unit may fulfill the functions of several items recited

in the claims. There 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.

Several functions which are realized by different units in the above-described

embodiments can be realized by any number of units, also by a single unit.

A computer program may be stored/distributed on a suitable medium, such as

an optical storage medium or a solid-state medium supplied together with or as part of other

hardware, but may also be distributed in other forms, such as via the internet or other wired

or wireless telecommunication systems.

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

of the invention.



CLAIMS:

1. An apparatus for determining a property of a heart (2), wherein the apparatus

(1) comprises:

a catheter (5) comprising a first property sensing unit (21) for sensing a

contraction signal indicative of a reoccurring local contraction of the heart (2) at a sensing

site (22) of the heart (2) and

a first property determining unit (8) for determining the reoccurring local

contraction of the heart (2) at the sensing site (22) from the sensed contraction signal as a

first property of the heart (2).

2 . The apparatus according to claim 1, wherein the first property determining

unit (8) is adapted to determine at least one of a periodicity and a phase of the reoccurring

local contraction .

3 . The apparatus according to claim 2, wherein the apparatus (1) comprises a

reference signal providing unit (12) for providing a reoccurring reference signal and wherein

the first property determining unit (8) is adapted to determine at least one of the periodicity

and the phase of the reoccurring local contraction with respect to the reoccurring reference

signal.

4 . The apparatus according to claim 1, wherein the first property determining

unit (8) is adapted to determine an amplitude of the reoccurring local contraction.

5 . The apparatus according to claim 2, wherein the first property sensing unit

(21) is adapted to sense the contraction signal at different points in time, wherein the first

property determining unit (8) is adapted to:

apply a similarity measure for comparing the sensed contraction signal at

neighboring points in time resulting in similarity values indicating the similarity of the sensed

contraction signal at the neighboring points in time,

determine non-similarity points in time by comparing the similarity values to a



threshold,

determine at least one of the periodicity and the phase of the reoccurring local

contraction of the heart (2) from the determined non-similarity points in time.

6 . The apparatus according to claim 1, wherein the first property sensing unit

(21) is an acoustic sensing unit for emitting acoustic waves (24) for being reflected at one or

more depths within the heart (2) and for receiving the reflected acoustic waves (24), wherein

the sensed contraction signal depends on the received acoustic waves (24).

7 . The apparatus according to claim 1, wherein the catheter (5) comprises a

further property sensing unit (31) for sensing a property signal indicative of a further property

of the heart (2) at the sensing site (22) and wherein the apparatus (1) comprises a further

property determining unit (13) for determining the further property of the heart (2) at the

sensing site (22) from the sensed property signal.

8. The apparatus according to claim 1, wherein the catheter (5) comprises an

energy applying unit (26) for applying energy to the heart (2).

9 . The apparatus according to claim 8, wherein the energy applying unit (26) is

adapted to ablate the heart (2) and wherein the apparatus (1) comprises an ablation progress

determining unit ( 11) for determining a progress of ablation based on the determined

reoccurring local contraction.

10. The apparatus according to claim 1, wherein the apparatus (1) comprises a

position determining unit (33) for determining a position of the sensing site (22).

11. The apparatus according to claim 10, wherein

the first property sensing unit (21) and the first property determining unit (8)

are adapted to determine the reoccurring local contraction at different sensing sites (22) of the

heart (2),

the position determining unit (33) is adapted to determine the positions of the

different sensing sites (22),

the apparatus further comprises a map generation unit (14) for generating a

contraction map (40) of the heart (2) based on the determined reoccurring local contraction at



the different sensing sites (22) and the determined positions of the different sensing sites

(22), wherein the contraction map (40) represents the reoccurring local contraction at the

positions of the different sensing sites (22).

12. The apparatus according to claim 11, wherein

the catheter (5) comprises a further property sensing unit (31) for sensing a

property signal indicative of a further property of the heart (2) at the sensing site (22) and

wherein the apparatus (1) comprises a further property determining unit (13) for determining

the further property of the heart (2) at the sensing site (22) from the sensed property signal,

- the further property sensing unit (31) and the further property determining unit

(13) are adapted to additionally determine the further property at the different sensing sites

(22) of the heart (2),

the map generation unit (14) is adapted to generate a contraction map (40) of

the heart (2) which additionally represents the further property at the positions of the different

sensing sites (22) based on the determined further property at the different sensing sites (22)

and the determined positions of the different sensing sites (22).

13. A method for determining a property of a heart (2), wherein the method

comprises the following steps:

- sensing a contraction signal indicative of a reoccurring local contraction of the

heart (2) at a sensing site (22) of the heart (2) by means of a first property sensing unit (21)

comprised in a catheter (5) and

determining the reoccurring local contraction of the heart (2) at the sensing

site (22) from the sensed contraction signal as a first property of the heart (2) by means of a

first property determining unit (8).

14. A computer program for determining a property of a heart (2), wherein the

computer program comprises program code means for causing a computer to carry out the

steps of the method as defined in claim 13, when the computer program is run on a computer

controlling an apparatus as defined in claim 1.

15. A contraction map of a heart (2) representing a reoccurring local contraction of

the heart (2) at different positions of sensing sites (22) of the heart (2).



















A. CLASSIFICATION OF SUBJECT MATTER ,
INV. A61B5/00 A61B5/06 A61B5/11 A61B8/12 A61B18/14
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where approp πate, of the relevant passages Relevant to claim No

WO 97/24981 A2 (BIOSENSE ISRAEL LTD [IL]; 1-3,6,7,
BEN HAIM SHLOMO [IL]; FENSTER MAIER [IL]) 11,12,14
17 July 1997 (1997-07-17)
page 30, line 11 - page 31, line 5

US 2005/283195 Al (PASTURE JOSEPH M [US] 1,4,8,9,
ET AL) 22 December 2005 (2005-12-22) 14

paragraphs [0036], [0050] - [0054]

US 2004/181139 Al (FALWELL GARY S [US] ET 1,7-12,
AL) 16 September 2004 (2004-09-16) 14

cited in the application
paragraphs [0141] - [0168]

D Further documents are listed in the continuation of Box C See patent family annex

* Special catego πes of cited documents
"T" later document published after the international filing date

or priority date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the pnnciple or theory underlying the

considered to be of particular relevance invention
"E" earlier document but published on or after the international "X" document of particular relevance, the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority cla ιm(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

O " document refer πng to an oral disclosure, use, exhibition or document is combined with one or more other such docu
other means ments, such combination being obvious to a person skilled

"P" document published prior to the international filing date but in the art

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

11 August 2010 19/08/2010

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 581 8 Patentlaan 2
NL - 2280 HV Rl]SWiJk

TeI (+31-70) 340-2040,
Fax (+31-70) 340-3016 Manschot, Jan

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons

Claims Nos 13, 15
because they relate to subjecf matter not required to be searched by this Authority, namely

see FURTHER INFORMATION sheet PCT/ISA/210

Claims Nos
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically

Claims Nos
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6 4(a)

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims

As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos

No required additional search fees were timely paid by the applicant Consequently, this international search report is
restricted to the invention first mentioned in the claims, it is covered by claims Nos

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation

No protest accompanied the payment of additional search fees

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)



International Application No. PCT/IB2010 /052040

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II. 1

Claims Nos.: 13, 15

Claim 13 relates to determining a property of a heart by using a catheter
in the heart cavity. This not only implicitly involves catheterisation,
but also manipulation of the catheter in the heart of the living human
being. Catheterisation and manipulation of the catheter in the heart
concerns a substantial physical intervention on the body requiring
professional medical expertise and which entails a substantial health
risk. Consequently, the method of present claim 13 relates to a method
for treatment of the human body by surgery (see Rule 39.1 (iv) PCT) for
which no search has to be carried out (Article 17. 2 (a) (i). Present
claim 15 relates to a map presenting information concerning the
occurrence of reoccurring local contractions. Whereas the technical
aspects of the map itself may be a generally known piece of paper or
visual display, the further features of the claim relates entirely and
solely to the presentation of information and do not have any technical
character. Hence the map of present claim 15 relates to a mere
presentation of information (see Rule 39.1 (v) PCT) for which no search
has to be carried out (Article 17. 2 (a) (i).



Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 9724981 A2 17-07-1997 AU 710236 B2 16-09 -1999
CA 2242360 Al 17-07 -1997
DE 69726599 Dl 15-01 -2004
DE 69726599 T2 30-09 -2004

EP 0944350 Al 29-09 -1999

ES 2303340 T3 01-08 -2008
ES 2212069 T3 16-07 -2004

IL 125260 A 24-06 -2003

JP 2001502556 T 27-02 -2001

US 2005283195 Al 22-12-2005 US 2010081948 Al 01-04-2010

US 2004181139 Al 16-09-2004 NONE

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

