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ABSTRACT

A method, including constructing a simulated surface of a
body cavity, and pressing a distal end of a probe against a wall
of the body cavity. While pressing the distal end against the
wall, position measurements are accepted from the probe
indicating a position of the probe within the body cavity, and
force measurements are accepted from the probe indicating a
force between the distal end and the wall. A distortion in the
simulated surface is created at the position indicated by the
position measurements, so as to form a distorted surface, upon
detecting that the force measurements exceed a predefined

amount. The distorted surface is then displayed.



VISUALIZATION OF CATHETER-TISSUE CONTACT
BY MAP DISTORTION

FIELD OF THE INVENTION

(0001] The present invention relates generally to medical imaging,
and specifically to visualizing a force exerted by a medical

probe on intra-body tissue.

BACKGROUND OF THE INVENTION

(0002] In electrophysiological diagnostic procedures such as
intracardiac electrical mapping, an invasive medical probe 1is
introduced into a cavity of a body organ. As the probe is
positioned at specific points within the organ, the probe
measures specific information (e.g., an electrical potential)
and conveys the measurements to a mapping system. The mapping
system creates a map comprising the measurements at their
respective locations in the organ. The map can be used in
applying wvarious diagnostic and therapeutic procedures to the
organ.

[0003] When placing the probe within) the organ, it may be
desirable to have the distal tip of the probe in direct contact
with organ tissue. The contact can be verified, for example, by
measuring the contact pressure between the distal tip and the
tissue. U.S. Patent Application Publications 2007/0100332,
2009/0093806 and 2009/0138007, describe methods of sensing
contact pressure between the distal tip of a catheter and tissue

in a body cavity using a force sensor embedded in the catheter.
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SUMMARY OF THE INVENTION

[0004] There is provided, in accordance with an embodiment of the
present invention, a method, including constructing a simulated
surface of a body cavity, pressing a distal end of a probe
against a wall of the body cavity, while pressing the distal
end against the wall, accepting, from the probe, position
measurements indicating a position of the probe within the body
cavity and force measurements indicating a force between the
distal end and the wall, creating a distortion in the simulated
surface at the position indicated by the position measurements,
so as to form a distorted surface, upon detecting that the force
measurements exceed a predefined amount, and displaying the
distorted surface.

[0005] The method may include, at a time prior to constructing the
simulated surface, collecting, from a medical imaging system,
image data for the body cavity. In some embodiments, the
medical imaging system may be selected from a group consisting
of a probe mapping system, a magnetic resonance imaging system
and a computed tomography system. In another embodiment,
constructing the simulated surface may include applying a fast
mapping process to the image data. In an additional embodiment,
the probe may include an intracardiac catheter. In yet another
embodiment, the body cavity may include a chamber of a heart.
In still vyet another embodiment, creating the distortion may
include incorporating a three dimensional effect on the
simulated surface. In an alternative embodiment, the three
dimensional effect may include a vertex protruding from the
simulated surface. In a further embodiment, the three
dimensional effect may include a vertex recessing into the
simulated surface. In another embodiment, creating the

distortion may include filling a region of the simulated surface
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with a specific color corresponding to the force at the position
indicated by the position measurements.

[0006] There is also provided, in accordance with an embodiment of
the present invention an apparatus including a probe and a
processor. The probe is configured for insertion into a body
cavity of a patient and includes a position sensor for measuring
a position of a distal end of the probe inside the body cavity
and a force sensor for measuring a force between the distal end
and a wall of the body cavity. The processor is configured to
construct a simulated surface of the body cavity, to accept from
the probe, while pressing the distal end against the wall,
position measurements indicating a position of the probe within
the body cavity and force measurements indicating a force
between the distal end and the wall, to create a distortion in
the simulated surface at the position indicated by the position
measurements, so as to form a distorted surface, upon detecting
that the force measurements exceed a predefined amount, and to
display the distorted surface.

[0007] There is further provided, in accordance with an embodiment
of the present invention, a computer software product, operated
in conjunction with a probe that is configured for insertion
into a body cavity of a patient and includes a position sensor
for measuring a position of a distal end of the probe inside the
body cavity and a force sensor for measuring a force between the
distal end and a wall of the body cavity, the product including
a non-transitory computer-readable medium, in which program
instructions are stored, which instructions, when read by a
computer, cause the computer to construct a simulated surface of
the body cavity, to accept from the probe, while pressing the
distal end against the wall, position measurements indicating a

position of the probe within the body cavity and force
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measurements indicating a force between the distal end and the
wall, to create a distortion in the simulated surface at the
position indicated by the position measurements, so as to form a
distorted surface, upon detecting that the force measurements
exceed a predefined amount, and to display the distorted

gsurface.

BRIEF DESCRIPTION OF THE DRAWINGS

[oo08] The disclosure is herein described, by way of example only,
with reference to the accompanying drawings, wherein:

[0009] Figure 1 1is a schematic pictorial illustration of a
catheter-tissue contact visualization system for a force-sensing
catheter, in accordance with an embodiment of the present
invention;

[0010] Figure 2 is a schematic side view showing details of the
distal portion of the force-sensing catheter, in accordance with
an embodiment of the present invention;

[0011] Figure 3 is a block diagram that schematically illustrates
elements of the catheter-tissue contact visualization system, in
accordance with a disclosed embodiment of the present invention;

[o012] Figure 4 is an illustration of a distortion indicating
catheter-tissue contact, in accordance with an embodiment of the
present invention; and

[0013] Figure 5 is a flow diagram that schematically illustrates a
method of visualizing catheter-tissue contact, in accordance

with an embodiment of the present invention.
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DETAILED DESCRIPTION OF EMBODIMENTS

OVERVIEW

[0014] Physiological or anatomical mapping procedures typically
create a map comprising map points collected from an
electroanatomical mapping system. Each map point comprises a
respective coordinate within a body organ, and possibly a
physiological property collected by a medical probe at the
regpective coordinate.

[0015] When collecting the map points, it is important to maintain
the proper level of force between the probe and body cavity
tissue, such as a heart wall. Sufficient force is needed in

order to ensure good electrode contact between the probe and the

tissue. Poor electrical contact can result in inaccurate
readings. On the other hand, excessgive force can deform the
tigsue and thus distort the map. In severe cases, too much

force may cause physical damage to the heart wall.

[0016] Embodiments of the present invention provide methods and
systems for visualizing a contact force between a force-sensing
probe such as an intracardiac catheter, and intra-body tissue
such as a heart wall. In some embodiments, a sgsimulated surface
is constructed for the heart wall based on data points received
from a medical imaging system. When the force-sensing probe
applies a force to the heart wall, a distortion may be created
on the simulated surface at the point of contact. The
distortion may be presented graphically as a protruding vertex
on the simulated surface corresponding to the location of the
catheter-tissue contact, thereby presenting a three dimensional
(3D) view of the heart wall to an operator such as a medical

professional.
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[0017] When viewing the distortion from outside the heart chamber,
the graphical effect of the distortion may be similar to the
sort of protruding bump that is observed when a stick is pushed
against an elastic cloth. Alternatively, the distortion may be
visualized from the inside of the heart chamber as a vertex
recessed in the simulated surface (i.e., a depression). In
alternative embodiments, in a manner similar to hypsometric
tinting and shaded relief methods that are used in cartography,
the distortion may use coloring and/or shading to indicate the
force between the catheter and the intra-body tissue, where
different colors or shadings correspond to different force
levels.

[c018] The amount of distortion shown in the simulated surface may
not necessary reflect the actual distortion of the heart wall
resulting from the force. Embodiments of the present invention
allow the operator to adjust the amount of distortion for
visualization purposes. Additionally or alternatively,
different relative degrees of distortion may be used under
different circumstances. For example, greater distortion may be
presented in atria than in ventricles (atria typically have
thinner walls that ventricles), when the catheter applies a
similar force.

[0019] In some embodiments, the distortion indicating catheter-
tissue contact may display not only the point of contact, but
may also display the contact force, by increasing the distortion
of the simulated surface in proportion to the force between the

catheter and the intra-body tissue.

SYSTEM DESCRIPTION

[0020] Figure 1 1is a schematic, pictorial illustration of an

intracardiac mapping system 20 that implements visualization of
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catheter-tissue contact by map distortion, in accordance with an
embodiment of the present invention. System 20 comprises a
probe 22, such as a catheter, and a control console 24. In the
embodiment described hereinbelow, it is assumed that probe 22 is
used for diagnostic or therapeutic treatment, such as for
mapping electrical potentials in a heart 26 of a patient 28.
Alternatively, probe 22 may be used, mutatis mutandis, for other
therapeutic and/or diagnostic purposes in the heart or in other
body organs.

[0021] An operator 30 inserts probe 22 through the vascular system
of patient 28 so that a distal end 32 of probe 22 enters a
chamber of heart 26. System 20 typically uses magnetic position
sensing to determine position coordinates of distal end 32
inside heart 26. Console 24 comprises a driver circuit 34,
which- drives field generators 36 placed at known positions
external to patient 28, e.g., below the patient's torso. A
magnetic field sensor 38 within distal end 32 of probe 22
(sensor 38 is shown 1in more detail in Figure 2) generates
electrical signals in response to the magnetic fields from the
coils, thereby enabling console 24 to determine the position of
distal end 32 within the chamber.

[0022] Although in the present example system 20 measures the
position of distal end 32 using magnetic-based sensors, other
position tracking techniques may be used (e.g., impedance-based
sensors) . Magnetic position tracking techniques are described,
for example, in U.S. Patents 5,391,199, 5,443,489, 6,788,967,
6,690,963, 5,558,091, 6,172,499 6,177,792. Impedance-based
position tracking techniques are described, for example, in U.S.

Patents 5,983,126, 6,456,864 and 5,944,022.
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[0023] In order to map the cardiac chamber in question, operator
30 positions distal end 32 at multiple positions on (or in close
proximity to) the inner surface of the chamber. At each

position, an electrode 40 coupled to the distal end measures a

certain physiological property (e.g., the local surface
electrical potential). System 20 correlates the position
measurements and the electrical potential measurements. Thus,

the system collects multiple map points, with each map point

comprising a coordinate on the inner chamber surface and a

respective physiological property measurement at this
coordinate.
[0024] Console 24 comprises a processor 42, which collects image

data from a medical imaging system (not shown) such as a
magnetic resonance imaging (MRI) system, or a computed

tomography (CT) system, or a probe mapping system such as the

CARTO™ mapping system produced by Biosense Webster Inc., of
Diamond Bar, CA. Processor 42 uses the image data to construct
a simulated surface of the cardiac chamber in question. An

example method for constructing the simulated surface is
described further below. Processor 42 then ‘"lays" the
electrical potential measurements over the simulated surface
produced from the image data. Processor 42 displays an image 44
of the simulated surface, with the electrical ©potential
measurements laid thereon (the fusion of the simulated surface
and the potential measurements is referred to herein as a map),
to operator 30 on a display 46.

[0025] Processor 42 typically comprises a general -purpose
computer, with suitable front end and interface circuits for
receiving signals from probe 22 and controlling the other
components of console 24. Processor 42 may be programmed in

gsoftware to carry out the functions that are described herein.
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The software may be downloaded to console 24 in electronic form,
over a network, for example, or it wmay be provided on non-
transitory tangible media, such as optical, magnetic or
electronic memory media. Alternatively, some or all of the
functions of processor 42 may be carried out by dedicated or
programmable digital hardware components.

[0026] In the present embodiment, processor 42 also monitors the
signal measurements received from a force sensor 48 within
distal end 32 (force sensor 48 is shown in more detail in Figure
2), in order to make an accurate evaluation of the force exerted
by distal end 32 on endocardial tissue of heart 26. When the
force exerted by distal end 32 on the endocardial tissue exceeds
a predefined amount, processor 42 may create a distorted surface

in image 44 indicating the exerted force.

[0027] Procesgor 42 stores data representing image 44 in a memory
50. In some embodiments, operator 30 using one or more input
devices 52, can control how processor 42 Dpresents the
distortion. For example, 1if image 44 comprises a three-

dimensional representation of heart 26, the operator can use
input devices 52 to control the actual geometrical extent of a
vertex representing the force exerted by the distal end. {Such
a vertex may occur in a generally conical form if tissue tenting
occurs.) Additionally or alternatively, operator 30 can use
input devices 52 to control any coloring and/or shading used to
indicate the exerted force.

[o028] Although Figure 1 shows a particular system configuration,
other system configurations can also be employed to implement
embodiments of the present invention, and are thus considered to
be within the spirit and scope of the present invention. For
example, the methods described hereinbelow may be applied using

position transducers of types other than the magnetic field
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sensor described above, such as impedance-based or ultrasonic
position sensors. The term “position transducer” as used herein
refers to an element mounted on probe 22 which causes console 24
to receive signals indicative of the coordinates of the distal
end. The position transducer may thus comprise a receiver on
the probe, which generates a position signal to the control unit
based on energy received by the transducer; or it may comprise a
transmitter, emitting energy that 1is sensed by a receiver
external to the probe. Furthermore, the methods described
hereinbelow may similarly be applied in therapeutic and
diagnostic applications wusing not only catheters, but also
probes of other types, both in the heart and in other body
organs and regions.

[0029] Figure 2 is a schematic sectional view of distal end 32 of
probe 22, 1in accordance with an embodiment of the present
invention. Specifically, Figure 2 shows functional elements of
distal end 32 used for therapeutic and/or diagnostic activity.
Electrode 40 at a distal tip 60 of the probe senses electrical
gignals in the tissue. Electrode 40 is typically made of a
metallic material, such as a platinum/iridium alloy or another
suitable material. Alternatively, multiple electrodes (not
shown) along the length of the probe may be provided.

[0030] Pogition sensor 38 transmits a signal to console 24 that is
indicative of the 1location coordinates of distal end 32.
Position sensor 38 may comprise one or more miniature coils, and
typically comprises multiple coils oriented along different
axes. Alternatively, position sensor 38 may comprise either
another type of magnetic sensor, an electrode that serves as a
position transducer, or position transducers of other types,
such as impedance-based or ultrasonic position sensors.

Although Figure 2 shows a probe with a single position sensor,

10



embodiments of the present invention may utilize probes with
more than one position sensor.

[0031] In an alternative embodiment, the roles of position sensor
38 and magnetic £field generators 36 may be reversed. In other
words, driver circuit 34 may drive a magnetic field generator in
distal end 32 to generate one or more magnetic fields. The
coils in generator 36 may be configured to sense the fields and
generate signals indicative of the amplitudes of the components
of these magnetic fields. Processor 42 receives and processes
these signals in order to determine the position coordinates of
distal end 32 within heart 26.

[0032] Force sensor 48 measures a force applied by distal tip 60
to the endocardial tissue of heart 26 by generating a signal to
the console that is indicative of the force exerted by the
distal tip on the endocardial tissue. In one embodiment, the
force sensor may comprise a magnetic field transmitter and
receiver connected by a spring in distal end 32, and may
generate an indication of the force based on measuring the
deflection of the spring. Further details of this sort of probe
and force sensor are described in U.S. Patent Application
Publications 2009/0093806 and 2009/0138007. Alternatively,

distal end 32 may comprise another type of force sensor.

[0033] Figure 3 is a block diagram that schematically illustrates
elements of console 24, in accordance with a disclosed
embodiment of the present invention. An intracardiac data

acquisition module 70 collects force measurements and position
signals from probe 22, and conveys the measurements and signals
to a visualization module 72. An image acquisition module 74
collects image data for heart 26 (typically from an MRI or CT

system, as described supra), and conveys the image data to

11
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module 72. Module 72 comprises interfaces 76 and 78 for
communicating with modules 70 and 74, respectively.

[0034] Processor 42 typically stores the collected image data to
memory 50. Memory 50 may comprise any suitable volatile and/or
non-volatile memory, such as random access memory or a hard disk
drive. After collecting the image data, processor 42 applies an
algorithm (e.g., a fast mapping process) to construct image 44.
In the present embodiment, image 44 comprises a simulated 3D
surface (e.g., a polygon mesh) of a surface of the cardiac
chamber, which processor 42 presents as image 44 on display 46.

[0035] If the collected force measurements exceed a predefined
amount, processor 42 may distort image 44 in order to provide
operator 30 with a visual representation of the force between
distal end 32 and the endocardial tissue. As discussed supra,
examples of the distortion include, but are not limited to a
vertex in the simulated surface, as well as coloring and/or
shading of a region in the simulated surface corresponding to a
location in heart 26 where distal end 32 is applying the force.

[0036] Inputs from input devices 52 via an interface 58 enable
operator 30 to adjust the visualization of the distortion. For
example, operator 30 can determine how processor 42 presents the
distortion on display 46. In other words, based on the operator
input, the distortion shown on the simulated surface may not
necessary reflect the actual distortion of the heart (e.g., the

distortion may exaggerate the force).

CATHETER-TISSUE CONTACT VISUALIZATION

[0037] Figure 4 is an illustration of a simulated surface 90
showing distortion indicating catheter-tissue contact, in
accordance with an embodiment of the present invention. In the

example shown, simulated surface 90 represents a portion of a
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wall of heart 26 viewed from the outside of the heart. In the
example shown, distal end 32 is pressing against endocardial
tissue in heart 26, i.e., catheter 22 is within heart 26 and
pressing against the heart wall. The distortion displayed in
simulated surface 90 due to the force exerted by distal end 32
on the heart wall is displayed in a gray scale format as a
protruding vertex 92, a dark portion 94, and a light portion 96,
thus incorporating a 3D shadowed effect on the surface.
Alternatively, simulated surface 90 may be visualized from
inside heart 26, in which case the distortion may be displayed
as a recessed vertex (i.e., a depression in surface 90 instead
of protrusion 92). Further alternatively, the distortion may be
displayed in a color format.

[0038] Figure 5 is a flow diagram that schematically illustrates a
method of creating a distortion in map 44 in order to visualize
catheter-tissue contact, in accordance with an embodiment of the
present invention. Prior to performing an intracardiac
procedure, processor 42 collects image data for a chamber of
heart 26 from a medical imaging system (e.g., a CARTO™ or an MRI
or a CT imaging system), in a first collection step 100. The
image data typically comprises data points representing tissue
of the chamber. In a construction step 102, processor 42
applies an algorithm (e.g., a fast mapping process) to the
collected image data in order to construct simulated surface 90.

[0039] In a threshold set step 104, using input devices 52,
operator 30 sets a predefined amount which defines a force
threshold. Alternatively, the predefined amount may be defined
in advance, and stored in memory 50.

[0040] During the intracardiac procedure, in a positioning step
106, operator 30 positions probe 22 so that distal end 32 of the

probe is pressing against endocardial tissue of heart 26. 1In a

13
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second collection step 108, processor 42 accepts signals from
position sensor 38 indicating a position measurement for distal
end 32 within heart 26, and signals £from force sensor 48
indicating a measurement of the force between distal end 32 and
the endocardial tissue.

[0041] In a comparison step 110, if the force measurement exceeds
the force threshold, then in a distortion step 112, processor 42
creates a distortion (e.g., protrusion 92) on simulated surface
90 at the 1location indicated by the position measurement,
thereby forming a distorted surface. Operator 30 can control
the magnitude of the distortion and/or the distortion type
(e.g., a protrusion or coloring/shading) using input devices 52.
Additionally, processor 42 may adjust the magnitude of the
distortion depending on the tissue in contact with distal end
32. For example, since an atrium of heart 26 has a thinner wall
than a ventricle (of the heart), processor 42 may introduce a
greater degree of distortion in map 44 when the distal end is in
contact with atrial tissue (and applying an equivalent force).

[0042] In a display step 114, processor 42 presents map 44 which
comprises the simulated surface (including any distortion) and
relevant potential measurements on display 46, and the method
returns to step 106 until operator 30 completes the intracardiac
procedure. Returning to step 110, if the measured force is less
than the force threshold, then the method continues with step
114, without introducing any distortion to simulated surface 90.

[0043] The corresponding gstructures, materials, acts, and
equivalents of all means or steps plus function elements in the
claime below are intended to include any structure, material, or
act for performing the function in combination with other
claimed elements as specifically claimed. The description of

the present disclosure has Dbeen presented for purposes of
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illustration and description, but 1is not intended to be
exhaustive or limiting to the disclosure in the form disclosed.
Many modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the disclosure. The embodiment was chosen and
described in order to best explain the principles of the
disclosure and the practical application, and to enable others
of ordinary skill in the art to understand the disclosure for
various embodiments with various modifications as are suited to
the particular use contemplated.

[0044] It will be appreciated that the embodiments described above
are cited by way of example, and that the present invention is
not limited to what has been particularly shown and described
hereinabove. Rather, the scope of the present invention
includes both combinations and subcombinations of the wvarious
features described hereinabove, as well as variations and
modifications thereof which would occur to persons skilled in
the art upon reading the foregoing description and which are not

disclosed in the prior art.
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CLAIMS

What is claimed is:

1.

Apparatus, comprising:

a probe, configured for insertion into a body cavity
of a patient and comprising a position sensor for measuring
a position of a distal end of the probe inside the body
cavity and a force sensor for measuring a force between the
distal end and a wall of the body cavity; and

a processor, which 1s configured to construct a
simulated surface of the body cavity, to accept from the
probe, while pressing the distal end against the wall,
position measurements indicating the position of the distal
end of the probe within the body cavity and force
measurements indicating a force between the distal end and
the wall, to create a distortion in the simulated surface
by incorporating a three-dimensional effect on the
simulated surface at the position indicated by the position
measurements, so as to form a distorted surface, upon
detecting that the force measurements exceed a predefined
amount, wherein the three-dimensional effect comprises a
vertex protruding from the simulated surface, or a vertex
recessing into the simulated surface, and to display the

distorted surface.

The apparatus according to claim 1, wherein the processor
is configured, at a time prior to constructing the
simulated surface, to «collect, from a medical imaging

system, image data for the body cavity.

The apparatus according to claim 2, wherein the medical

imaging system is selected from a group consisting of a

16
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probe mapping system, a magnetic resonance imaging system

and a computed tomography system.

4. The apparatus according to claim 2, wherein the processor
is configured to construct the simulated surface by

applying a fast mapping process to the image data.

5. The apparatus according to claim 1, wherein the probe

comprises an intracardiac catheter.

6. The apparatus according to claim 1, wherein the processor
is configured to create the distortion by filling a region
of the simulated surface with a specific color
corresponding to the force at the position indicated by the

position measurements.

7. A computer software product, operated in conjunction with a
probe that is configured for insertion into a body cavity
of a patient and includes a position sensor for measuring a
position of a distal end of the probe inside the body
cavity and a force sensor for measuring a force between the
distal end and a wall o¢f the body cavity, the computer
software product comprising a non-transitory computer-
readable medium, in which program instructions are stored,
which instructions, when read by a computer, cause the
computer to construct a simulated surface of the body
cavity, to accept from the probe, while pressing the distal
end against the wall, position measurements indicating the
position of the distal end of the probe within the body
cavity and force measurements indicating a force between
the distal end and the wall, to create a distortion in the
simulated surface by 1incorporating a three-dimensional
effect on the simulated surface at the position indicated

by the position measurements, so as to form a distorted

17
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surface, upon detecting that the force measurements exceed
a predefined amount, wherein the three-dimensional effect
comprises a vertex protruding from the simulated surface,
or a vertex recessing into the simulated surface, and to

display the distorted surface.

8. Use of the apparatus of any of c¢laims 1 to 6 for

constructing a simulated surface.
9. An apparatus, comprising:

a probe configured for insertion into a body cavity of
a patient, the prcbe having a position sensor for measuring
a position of a distal end of the probe inside the body
cavity, a sensor measuring a physiological property of the
body cavity and a force sensor for measuring a force

between the distal end and a wall of the body cavity; and
a processor configured to:

construct a surface of the body cavity, to accept
from the probe, while pressing the distal end against
the wall, position measurements indicating a position
of the probe within the body cavity, physiological
property  measurements indicating a physiological
property of the body cavity and force measurements
indicating a force between the distal end and the

wall;

generate an anatomical map of the body cavity
using the position measurements and the physiological

property measurements;

combine the surface and the anatomical map by

laying the anatomical map over the surface;

18
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10.

11.

12.

13.

14.

15.

distort the shape of the surface at the position
indicated by the position measurements by
incorporating a three-dimensional effect on the
surface, so as to form a distorted surface, upon
detecting that the force measurements exceed a

predefined amount; and

display the combined distorted surface and anatomical
map, the three-dimensional effect being a visual
indicator of the amount of force caused by the

pressing.

The apparatus according to claim 9, wherein the processor
is configured, at a time prior to constructing the surface,
to collect, from a medical imaging system, image data for

the body cavity.

The apparatus according to claim 10, wherein the processor
is configured to construct the surface by applying a

mapping process to the image data.

The apparatus according to claim 9, wherein the probe

comprises an intracardiac catheter.

The apparatus according to claim 12, wherein the three-
dimensional effect comprises a vertex protruding from the

surface.

The apparatus according to claim 12, wherein the three-
dimensional effect comprises a vertex recessing into the

surface.

The apparatus according to claim 9, wherein the processor
is configured to fill a region of the three-dimensiocnal

effect on the surface with a specific color corresponding

19
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16.

17.

to the force at the position indicated by the position

measurements.

The apparatus according to claim 10, wherein the medical
imaging system 1is selected from a group consisting of a
probe mapping system, a magnetic resonance imaging system

and a computed tomography system.

A computer software product, operated in conjunction with a
probe that is configured for insertion intc a body cavity
of a patient and includes a position sensor for measuring a
position of a distal end of the probe inside the body
cavity, a sensor measuring a physiological property of the
body cavity and a force sensor for measuring a force
between the distal end and a wall of the body cavity, the
computer software product comprising a non-transitory
computer-readable medium, in which program instructions are
stored, which instructions, when read by a computer, cause

the computer to:

construct a surface of the body cavity, to accept from
the probe, while pressing the distal end against the wall,
position measurements indicating a position of the probe
within the body cavity, physiological property measurements
indicating a physiological property of the body cavity and
force measurements indicating a force between the distal

end and the wall,

generate an anatomical map of the body cavity using
the position measurements and the physiological property

measurements;

combine the surface and the anatomical map by laying

the anatomical map over the surface;
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18.

19.

distort the shape of the surface at the position
indicated by the position measurements by incorporating a
three-dimensional effect on the surface, so as to form a
distorted surface, upon detecting that the force
measurements exceed a predefined amount, and to display the
combined distorted surface and anatomical map, the three-
dimensional effect being a visual indicator of the amount

of force caused by the pressing.

The computer software product according to claim 17,

wherein the instructions cause the computer to:

fill a region of the three-dimensional effect on the
surface with a specific color corresponding to the force at

the position indicated by the position measurements.

Use of the apparatus of any of claims 9 to 16 for

constructing a surface of the body cavity.
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