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ABSTRACT

A method, 1ncluding generating a three-dimensional

(3D) map as a plurality of points 1illustrating a

5 characteristic of a 3D heart chamber, the 3D heart
chamber having an opening bounded by a perimeter. The
method further 1includes transforming the perimeter into a
closed two-dimensional (2D) figure having an 1interior.
The plurality of points 1llustrating the characteristic

10 are projected onto the interior of the 2D figure so as to

generate a 2D map of the characteristic of the 3D heart

chamber.
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VALVE VIEW MAP

FIELD OF THE INVENTION
The present invention relates generally to

visualization of a body organ, and specifically to

visualization of a heart of a patient.

BACKGROUND OF THE INVENTION

During a medical procedure, particularly an 1nvasive
medical procedure such as an 1investigation of the heart
using a catheter 1inserted 1nto the heart, there 1s a
considerable amount of relevant information that an
operator of the procedure must assimilate. There 1s
usually very 1little time availilable to the operator to
perform such assimilation. A system to simplify the

presentation of such 1nformation would therefore be

advantageous.
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SUMMARY OF THE INVENTION
An embodiment of the present invention provides a
method, i1ncluding:
generating a three-dimensional (3D) map as a
plurality of points illustrating a characteristic of a 3D
heart chamber, the 3D heart chamber having an opening

bounded by a perimeter;
transforming the perimeter 1nto a <closed two-

dimensional (2D) figure having an interior; and

projecting the plurality of points illustrating the
characteristic onto the interior of the 2D figure so as
to generate a 2D map of the characteristic of the 3D
heart chamber.

The heart chamber may be a left atrium of a heart.
Typically the opening includes a mitral valve, when open,
of the heart. Alternatively, the opening 1i1ncludes a
pulmonary vein opening to the left atrium.

In a disclosed  embodiment the characteristic
consists of one of a local activation time (LAT) of the
heart chamber, a force acting on the heart chamber, and a
temperature of the heart chamber.

The closed two-dimensional figure may be a circle.

In a further disclosed embodiment the plurality of
points form a 3D mesh of 1line segments and Jjunctions
having a connectivity, and projecting the plurality of
points includes projecting the 3D mesh to a 2D mesh while
maintaining the connectivity of the 3D mesh 1n the 2D
mesh, and generating the 2D map from the 2D mesh.

In a yet further disclosed embodiment the 2D map
defines a plane, and the 2D map is rotatable about a line
in the plane so as to present a perspective view of the

2D map, and a first region in contact with a first side

of the plane corresponds to an interior region of the 3D
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heart chamber, and a second region 1n contact with a
second side of the plane corresponds to an exterior
region of the 3D heart chamber.

A distal end of a catheter may be located in the
interior reglion at a distance and having an orientation
with respect to the 3D heart chamber, and an 1con
representative of the distance and the orientation may be
positioned in the first region with respect to the plane.

In an alternative embodiment the 3D heart chamber
includes a left atrium, and a pulmonary velin connects to
the exterior region of the left atrium via a veln
opening, and the method further 1includes generating 1in
the 2D map an indication of the velin opening, and
positioning in the second region a representation of the
pulmonary vein connected to the indication.

A distal end of a catheter may be located within the
pulmonary vein, and an icon representative of a distance
and a location of the distal end may be positioned within
the second region.

In a further alternative embodiment the method
includes incorporating an indication of respective tissue

thicknesses of elements of the heart chamber into the 2D

map.

There is further provided, according to an
embodiment of the present invention, apparatus,
including:

a processor which is configured to:

generate a three-dimensional (3D) map as a plurality
of points illustrating a characteristic of a 3D heart
chamber, the 3D heart chamber having an opening bounded
by a perimeter,

transform the perimeter into a closed two-

dimensional (2D) figure having an interior, and
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project the plurality of points 1illustrating the
characteristic onto the interior of the 2D figure so as

to generate a 2D map of the characteristic of the 3D

heart chamber; and

a screen, upon which the processor 1is configured to
display the 2D map.

The present disclosure will be more fully understood
from the followling detailed description of the

embodiments thereof, taken together with the drawings, 1n

which:
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic 1llustration of an organ
visualization system, according to an embodiment of the
present invention;

Fig. 2A is a schematic view of a three-dimensional
(3D) mesh, and Fig. 2B 1is a schematic 3D map produced
from the mesh, according to embodiments of the present
invention;

Fig. 3A 1s a schematic two-dimensional (ZD) mesh,
and Fig. 3B 1is a schematic 2D map produced from the 2D
mesh, according to embodiments of the present invention;

Fig. 4A 1s a flowchart of steps performed 1n
generating a 2D map, and Fig. 4B is a schematic figure
illustrating the steps, according to embodiments of the
present 1nvention;

Figs. 5A and 5B are schematic figures 1llustrating
use of the organ visualization system, according to
embodiments of the present invention; and

Figs. 6, 7, and 8 are schematic diagrams of a left
atrium with different views, according to embodiments of

the present invention.
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DETAILED DESCRIPTION OF EMBODIMENTS

OVERV1IEW

An embodiment of the present 1inventlon provides a
method for viewing a characteristic of a chamber of the
heart as a two-dimensional (2D) map. The 2D map
simplifies the presentation of the characteristic,
compared to its presentation in a three-dimensional (3D)
format.

In order to formulate the 2D map, a 3D map of the
characteristic 1s first generated. Typically, although
not necessarily, the characteristic comprises a local
activation time (LAT), and in the following description
the characteristic is assumed to be the LAT. The 3D map
is generated by determining locations and LATs at the
locations, typically by inserting a catheter 1into the
heart chamber. The catheter 1is tracked to determine
locations of regions of the chamber, and acquires
electrical signals that are used to calculate the LATs of
the regions. The 3D map is typically generated from a 3D
mesh of the locations, with wvalues of the LATs
incorporated into the 3D mesh.

The heart chamber has multiple openings which are

visible in the 3D map and in the 3D mesh, and one of

these openings, herein also termed the defining opening,

is used as a basis for preparing the 2D map. The defining

opening has a perimeter, and the perimeter 1is transformed
into a closed 2D figure, for example a circle.

Elements from the 3D map, typically 1line segments
and junctions of the 3D mesh, are projected onto the
interior of the closed 2D figure, and the projected

elements are used to formulate the 2D map of the LAT of
the heart chamber.
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In one embodiment the heart chamber 1s the left
atrium, and the defining opening of the left atrium 1s
selected to be the open mitral valve. From the point of
view of the mitral valve, the left atrium 1s a "dome-
like" structure, and the 2D map effectively projects the
dome-like structure to a 2D plane.

The 2D map may be presented on a screen, and
typically elements may be added to the map to assist a
professional performing an invasive procedure on the
chamber to better visualize the chamber. For example, the
2D map may be rotated to indicate an upper and lower
surface of the map. Above the upper surface corresponds
to inside the chamber; below the lower surface
corresponds to outside the chamber. An icon representing
the distal end of the catheter may be positioned above
the map, i.e. inside the chamber. Elements representing
connections to the chamber, such as a pulmonary velin 1n
the case of the left atrium, may be drawn below the map,
i.e., outside the chamber. The element representing the
vein may be drawn connected to the vein opening of the 2D
map.

In some embodiments additional features may Dbe
incorporated into the 2D map. For example, 1in a 2D map
displaying values of LATs, tissue thickness of locations
of the map may be indicated. The indication may be
numerical, or could be by adding height changes above the
plane of the 2D map, or shading or other markings onto
the map. As another example, locations where ablation has

been performed may be marked on the 2D map.

SYSTEM DESCRIPTION

Reference 1is now made to Fig. 1, which 1s a

schematic illustration of an organ visualizatlion system
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20, according to an embodiment of the present invention.
In the following description, system 20 1s assumed to be
implemented, by way of example, during a medical
procedure on a heart 22 of a patient 24. The procedure 1s
performed by a medical professional 26, also hereln
assumed to operate system 20, and professional 26 1s also
referred to herein as operator 26. System 20 presents
images of a cavity, such as an internal chamber of heart
22, allowing operator 26 to visualize characteristics of
the cavity. While the description hereinbelow 1s directed
to visualization of characteristics of a left atrium 28
of heart 22, it will be appreciated that system 20 may be
used for visualization of characteristics of other
chambers of the heart.

System 20 may be controlled by a system processor 30
which may be realized as a general purpose computer.
Processor 30 may be mounted in a console 40, comprising
operating controls 42 that typically include a keypad and
a pointing device such as a mouse or trackball that
operator 26 uses to interact with the processor. Results
of the operations performed by processor 30 are provided
to the operator on a screen 44 connected to the
processor. Screen 44 typically also presents a graphic

user interface to the operator enabling the operator to

control system 20. Operator 26 is able to use controls 42
to input values of parameters used by processor 30 1n the
operation of system 20.

Processor 30 uses computer software to operate
system 20. The software may be downloaded to processor 30
in electronic form, over a network, for example, or 1t
may, alternatively or additionally, be provided and/or
stored on non-transitory tangible computer—-readable

media, such as magnetic, optical, or electronic memory.
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In operating system 20, professional 26 inserts a
catheter 60 into patient 24, so that a distal end 62 of
the catheter enters left atrium 28 of the patient's heart
via a mitral valve 64. Processor 30 tracks distal end 62,
typically both the location and the orientation of the
distal end, while it is within heart 22. While the
processor may use any method for tracking catheters known
in the art, typically wusing an appropriate position
sensor 1n the distal end, 1n the present description, for
clarity and simplicity, processor 30 is assumed to use a
magnetic tracker, such as 1s provided by the Carto®
system produced by Biosense Webster, of Diamond Bar, CA.
In this case processor 30 operates magnetic field
transmitters 66 1in the vicinity of patient 24, so that
magnetic fields from the transmitters interact with one
or more tracking coils, located in distal end 62, forming
a distal end position sensor. The coils interacting with
the magnetic fields generate signals which are
transmitted to processor 30, and the processor analyzes
the signals to determine the location and orientation of
distal end 62.

In addition to the tracking coils in distal end 62,
the distal end typically comprises other sensors which

measure characteristics of the region wherein the distal

end 1s located. Examples of such sensors include one or
more electrodes for measuring electro-potentials, a force
sensor measuring the force exerted by the distal end on
an object with which it i1s in contact, and a thermometer
measuring a temperature of the distal end and/or of its
surroundings. Typically, processor 30 1ntegrates the
output of these sensors with the locations and/or
orientations of the distal end in order to produce, inter

alia, maps comprising values of the characteristics
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overlald onto a three-dimensional map of the locations of
distal end 6Z2.

Hereinbelow distal end 62 1s assumed to comprise
electrodes measuring electropotentials of locations of
positions within left atrium 28 contacted by the
electrodes. Processor 30 acquires these
electropotentials, and calculates local activation times
(LATs) for each of the measured locations within the left
atrium.

Fig. 2A 1s a schematic view of a three-dimensional

(3D) mesh 70 illustrating calculated LATs, and Fig. 2B 1is

a schematic 3D map 90 produced from the mesh, according
to embodiments of the present invention.

Processor 30 produces 3D mesh 70 by evaluating 3D
locations of a number of points on the surface of left
atrium 28, and also by measuring or calculating values of
the LATs at these points. From the evaluated 3D
locations, processor 30 generates a 3D mesh of line
segments Jjoining points (corresponding to the evaluated
locations), using any mesh generating method known in the
art. Hereinbelow, by way of example and for simplicity,
the mesh produced is assumed to be a mesh of triangles,
and the mesh generating method i1is assumed to be the ball-
pivoting algorithm. In some embodiments processor 30,
under direction of operator 26 who may typically use
controls 42, defines regions o©0f the mesh which are
assumed to be openings within the mesh. The openings are
defined by a closed perimeter, and within the perimeter
the processor does not generate line segments. The
openings typically correspond to openings 1in left atrium
28. Thus, in the example illustrated by Fig. 2A, the 3D
mesh has an opening 72 with a 3D perimeter /4,

corresponding to mitral valve 64 when it 1s open. In

10
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addition, the mesh has an opening 78 bounded by a 3D
perimeter 80, and an opening 82 bounded by a 3D perimeter
84 Openings 78 and 82 correspond to two of the pulmonary
vein openings to the left atrium. There are two other
openings, openings 86 and 88 at the "back" of the mesh,
corresponding to the other two pulmonary veln openings to
the left atrium.

The values of the LATs are then incorporated into
the mesh by coloring line segments and/or Jjunctions of
the mesh with colors corresponding to the measured LAT
values. The 1incorporation of the colors into the 3D mesh
produces 3D colored mesh 70 of colored line segments and
colored junctions. The different colors are illustrated
schematically in Fig. 2A by different types of lines.

To produce 3D map 90 (Fig. 2B) processor 30 fills in
the spaces between the line segments of 3D mesh 70 with

appropriate colored surfaces, to generate the 3D map as a

3D surface. The 3D surface has substantially the same
openings, with corresponding perimeters, as the openings
of the 3D mesh. Thus, 3D map 90 1is 1i1llustrated as having
3D openings 72, 78, 82, 86, and 88, and 3D perimeters 74,
80, and 84 of openings 72, 78, and 82 are shown. The
perimeters of openings 86 and 88 are not shown in Fig.

gy

2B, since they are at the "back" of the map.

The different colors of 3D map 90 are 1llustrated
schematically in Fig. 2B by different types of shading.
Typically, after the processor has produced the map, the
map may be presented to operator 26 on screen 44, and the
operator may use controls 42 to rotate the map to a
desired orientation. In Fig. 2A and 2B the orilentations
of 3D mesh 70 and 3D map 90 are slightly different, so
that, for example, perimeters 74, 80, and 84 appear

slightly different in the two figures.

11
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In the view 1illustrated by Fig. 2B opening 72,
corresponding to open mitral valve 64, and opening 78,
corresponding to one of the pulmonary vein openings, are
visible. The other three pulmonary vein openings 82, 86,
and 88 are not visible 1n the view of Fig. 2B, but
typically may be viewed by operator 26 rotating map 90
using controls 42.

Map 90 1i1s presented on screen 44 as an external
three-dimensional view of the LATs of the left atrium.
Consequently, portions of the LATs, that would normally
be on the "back" side o0f the view and thus not be
visible, are visible through openings 72 and 78.

Fig. 3A 1s a schematic two-dimensional (2D) mesh 120
derived from 3D mesh 70, and Fig. 3B 1s a schematic 2D
mapr 160 produced from 2D mesh 120, according to
embodiments of the present invention. Processor 30
derives 2D mesh 120 from 3D mesh 70 by 1initially
selecting one of the openings 1in the 3D mesh. The
selected opening 1is herein referred to as the 2D mesh
defining opening, or just as the defining opening. In the
following description, the defining opening 1s assumed to
comprise openlng 72, which has 3D ©perimeter 74,
corresponding to open mitral valve 64.

To produce 2D mesh 120, the processor transforms
perimeter 74 1into a 2D closed boundary 122 in a plane
124. In Fig. 3A plane 124 corresponds to the plane of the
paper. The transformation from perimeter 74 to 2D closed
boundary 122 1is a one-to-one mapping which maps each
point on the perimeter to a corresponding point on the 2D
boundary. The 2D boundary may be the boundary of any
convenient closed figure, and 1s herein assumed by way of
example to be a circle, so that boundary 122 1is also

referred to herein as circle 122. Topologically 2D

12
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boundary 122 divides the plane it defines, plane 124,
into an interior region 126 of the plane and an exterior
region 128 of the plane.

Once processor 30 has produced 2D boundary 122, it
performs an overall mapping of each of the line segments
and junctions of 3D mesh 70 into interior region 126. The
overall mapping comprises a one-to-one mapping for the
colored line segments, and a one-to-one mapping for the
colored junctions. In addition, the overall mapping is
structured so that the connectivity between the colored
line segments and the colored junctions of the 3D colored
mesh 1s maintalined in 2D mesh 120. In one embodiment the
connectivity is maintained by adjusting magnifications of
the triangles produced by the line segments of the 3D
colored mesh. In other words, a given triangle in the 3D
colored mesh 1s mapped to a geometrically similar
triangle in 2D mesh 120.

The overall mapping preserves the number of
openings, other than the defining opening, that are in 3D
mesh 70. Thus, four 3D pulmonary vein openings 78, 82,
86, and 88 of 3D mesh 70 respectively map to four 2D
openings 140, 142, 144, and 146 in 2D mesh 120.

Processor 30 generates 2D map 160 from 2D mesh 120
by filling 1in the triangles of 2D mesh 120 with
appropriate colored surfaces.

Fig. 4A is a flowchart 200 of steps performed in
generating 2D map 160 from 3D map 90, and Fig. 4B is a
schematic figure 1llustrating the steps, according to
embodiments of the present 1nvention. In Fig. 4B plane
124 of 2D map 160 has been rotated so that 1is no longer
in the plane of paper, and so that circle 122 appears as

an ellipse. In addition, 3D map 90 has been rotated so

13
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that 3D perimeter 74 1is at the "back" of the map, and so
the perimeter has been drawn as a dashed figure.

In a map step 202, processor 30 generates 3D map 90,
generally as described above with respect to Figs. ZA and
2B. Thus, the processor measures locations of a
multiplicity of points on a cavity, together with LATs at
the points. The processor generates a 3D mesh having the
locations and values of the LATs 1incorporated 1into the
mesh. The processor then produces a 3D map from the 3D
mesh.

In an opening selection step 204, processor 30

selects an opening in the 3D map, or the edquivalent

opening in the 3D mesh generating the 3D map, as a
defining opening. For simplicity, the defining opening 1s
assumed to be opening 72, corresponding to open mitral
valve 64, having 3D perimeter 74.

In an opening mapping step 206, the processor maps
the defining opening to a larger 2D closed boundary
having a pre-defined shape, herein by way of example
assumed to be a circle. The mapping of the defining
opening to the <closed boundary 1s described 1n more
detail with respect to Fig. 3A above. As 1illustrated Dby
the arrows in Fig. 4B from perimeter 74 to boundary 122,

the mapping may be thought of as "stretching"” the

defining opening to the larger 2D closed boundary.

In a map generation step 208, the processor maps
elements of 3D map 90 to the 2D interior region of the 2D
closed boundary. Typically the mapping of the elements of
the 3D map is performed by mapping the line segments and
junctions of the mesh forming the 3D map to the interior
region of the 2D closed boundary. The mapped 1line
segments and Jjunctions are then used, as described above

with reference to Fig. 3A and Fig. 3B, to generate 2D map

14
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160. The mapping performed in step 208 may be thought of
as "flattening”™ a "dome-like" 3D cavity based on the
defining opening, herein the open mitral valve, into a 2D

region within the pre-defined 2D closed boundary.

Figs. O5A and 5B are schematic figures illustrating
use of system 20, according to embodiments of the present
invention. Fig. O5A 1llustrates a schematic 2D map 300 of
left atrium 28, the map having a defining opening based
on open mitral wvalve 64. Processor 30 formulates 2D map
300 substantially as described above, so that the 2D map
has a 2D closed boundary 302. By way of example, boundary
302 1s assumed to be 1n the form of a circle. Grid lines
304, of circles and straight lines, have been constructed
in the map for the purposes of locating map details. Four
pulmonary vein openings 320, 322, 324, and 320 are drawn
in 2D map 300. In Fig. O5A the plane o0f 2D map 300
corresponds to the plane of the paper.

By way of example, 2D map 300 has three differently
colored sections 3006, 308, and 310, representing
different values of LAT at the locations indicated by the
grid lines the sections cover. Known configurations of
LATs may occur 1in tachycardia situations, and the
representation of the LATs on 2D map 300, such as 1s
exemplified by sections 306, 308, and 310, allows
ocperator 26 to 1dentify the site causing the tachycardia.

In Fig. 5B the plane of 2D map 300 has been rotated
so that 1t 1s no longer in the plane of the paper, and so

that the map appears as an ellipse, 1. e., as a

perspective view of the 2D map. The amount of rotation
may be set by operator 26, and the rotated map may be
displayed on screen 44. Thils type of rotation allows the
2D map to be used as a bounding surface having two sides.

A region 350 1n contact with one side of the 2D map

15
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corresponds to the interior of the left atrium. A region
360 1n contact with the other side of the 2D map
corresponds to the exterior of the left atrium. As 1is
explained 1n more detail below, elements on either side
of the plane o0f the map, corresponding to physical
elements present 1n the interior or the exterior regions
of the left atrium 28, may be drawn on the map, and the
presentation of such elements 1n registration with the
map alds operator 26 in visualizing the left atrium.

The plane of the 2D map may be rotated to any
convenlient orientation, according to the requirements of
operator 26. For example, the plane may be rotated so
that 1t 1s vertical on screen 44, with region 350, the
left atrium 1nterior, on the left side of the screen, and
with region 360, the left atrium exterior on the right
side of the screen. Such a configuration 1s referred to
herein as a "sideways" view. Alternatively, the plane may
be rotated so that region 350 1s on the lower part of the
screen, and so that region 360 1s on the upper part of
the screen. Such a configuration i1s referred to hereln as
an "upside-down" view. Further alternatively, the plane

may be rotated as illustrated in Fig. 5B, with region 350

being above the 2D map, and wilith region 360 being below
the map. Such a configuration 1s referred to herein as an

"upright" wview, and 1s 1lllustrated DPby Fig. OB. The

following examples refer to the upright view
configuration.
By way of example, one of the pulmonary veilns

entering the left atrium, from the exterior of the left
atrium has been schematically drawn as a cylinder 330

connected to opening 324. Cylinder 330 has been drawn

beneath the plane of 2D map 300, 1in region 360.

16
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In addition, an icon 340, representing distal end 62
of catheter 60 (Fig. 1) has been drawn above the plane of
2D map 300, 1in region 350. Since the location and
orientation of the distal end are known, the location and
orientation of 1con 340 with respect to 2D map 300 may be
visually 1ndicated on the map. For example, operator 20
may desire that distal end 62 1s orthogonal to a region
of the surface of the left atrium it 1s closest to, in
preparation for contacting the region so as to ablate the
region. Drawlng the location and the orientation of 1icon
340 with respect to map 300 enables the operator to
quickly judge 1f the distal end 1s correctly positioned
with respect to the region.

As a further example, a second icon 370 has been
drawn within cylinder 330 and in region 360. Icon 370 may
be drawn to represent the location and orientation of the
distal end of a second catheter (not shown 1in Fig. 1)
within the pulmonary vein (exterior to the left atrium)
represented by cylinder 330.

It will be understood that configurations other than

that illustrated in Fig. 5B are possible. For example,

the elements 1in Fig. 5B could be rotated to a sideways
view, or to an upside—-down view. All such configurations
are assumed to be comprised within the scope o0f the
present invention.

Figs. 6, 7, and 8 are schematic diagrams of
different views of left atrium 28, according to
embodiments of the present invention.

Fig. 6 is a schematic 3D map 400 of the left atrium,
the map illustrating the 3D locations of the left atrium

surface. Map 400 has been generated without 1ncorporating
values of LATs into the map, so that the map may be

presented on screen 44 as a 3D gray scale map. Map 400 1is

17
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generated from a 3D mesh, generally as described above
for 3D map 90; for simplicity the 3D mesh 1s not shown in
the figures.

In contrast to the representations of the left
atrium 1n Figs. 2A - 5B, openings 1in left atrium 28 to
the pulmonary velns are not shown as open figures.
Rather, the openings for the pulmonary velns appear as

protrusions 402, 404, 406, and 408 in the 3D map surface.

A mitral valve opening 410, having a 3D perimeter 412, 1is
at the bottom of 3D map 400. (Opening 410 1is 1in the
"back" of map 400.)

Fig. 7 1s a 2D mesh 450 of the left atrium, and Fig.
8 1s an enlarged 2D view 500 of a section of mesh 450. 2D
mesh 450 1s produced substantially as described above by
flowchart 200 (without filling i1n the spaces of the mesh)
so that a circular boundary 452 1s mapped from perimeter
412. Protrusions 402, 404, 406, and 408 appear as a dense

region 454 1n mesh 450.

Enlarged view 500 provides structure to region 454,
so that protrusions 402, 404, 406, and 408 now appear as
well separated dense regions 502, 504, 506, and 508.

It will be understood that 2D and 3D diagrams
exemplified by Figs. 2B, 3B, 4B, 5A, 5B, and 6 - 8 may be

presented on screen 44. In some embodiments more than one
diagram may be displayed simultaneously. For example,
operator 26 may choose to display the 3D map of Fig. 2B
at the same time as displaying the corresponding 2D map
of Fig. 3B. Alternatively, rather than displaying

complete 2D and 3D maps, operator 26 may choose to
display only part of a map. For example, returning to
Figs. 5A and 5B, there 1s a corresponding 3D map. When
displaying Fig. 5B, the operator may choose to display a

part of the corresponding 3D map 1n the wvicinity of
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distal end 62, i.e., 1n the region of 1con 340.
Typically, the 3D map part may be displayed as a window
in screen 44 while the screen shows rotated 2D map 300.

A magnified view exemplified by enlarged view 500
(Fig. 8) may be applied to other 2D maps generated by
system 20. For example, returning to Fig. 3B, operator 26
may magnify a region around one of the pulmonary vein
openings, so as inspect LATs of the region more exactly.
Such a local magnified view may be applied by the
operator moving a cursor to the region, so that 1in that
location the display becomes locally magnified.

In some embodiments the 2D maps produced by system
20 may incorporate more than one characteristic into the
map. The description above has exemplified 1ncorporating
LAT values into the map. Other characteristics that may
be incorporated comprise electro-potentials, temperature,
force, tissue thickness, tissue contractility, tissue

impedance or characteristics derived from these or other

factors. The incorporation may be by means of colors,
gray scales, hatching, shading, or marking of contours
indicative of levels of the characteristic being
depicted. Alternatively, such as 1f tissue thickness 1s
incorporated, a 2D map such as map 160 may be transformed
into a "pseudo-2D" map, by adding a tissue thickness
indication to the map. The indication may, for example,
comprise adding numerical values to the map.
Alternatively or additionally, the indication may
comprise adding height changes above plane 124 of the

map. Such a height change will become visible as the

plane of the map is rotated, to a view such as 1s shown
in Fig. 5B.
The embodiments described above have used the mitral

valve, 1in its opened state, as the defining opening of

19
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the 1left atrium. It will be understood that other
openings of the left atrium may be used as the defining

opening, for example one of the pulmonary vein openings.

It will also be understood that chambers of the

heart other than the left atrium may be used as the
chamber beling imaged. For example, the right atrium, or
one of the ventricles may be 1maged, using an appropriate
defining opening for the selected chamber. For example,
if the right atrium 1s 1maged, the open tricuspid valve
may be used as the defining opening.

It will be appreciated that the embodiments
described above are cited by way of example, and that the
present 1nvention 1s not limited to what has Dbeen
particularly shown and described hereinabove. Rather,
the scope of the present 1nvention 1ncludes Dboth
combinations and subcombinations of the various features
described hereilnabove, as well as varliations and
modifications thereof which would occur to persons
skilled in the art upon reading the foregoing description

and which are not disclosed 1in the prior art.
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CLAIMS
We claim:
1. A method, comprising:
generating a three-dimensional (3D) map as a

plurality of points 1llustrating a characteristic of a 3D
heart chamber, the 3D heart chamber having an opening
bounded by a perimeter;

transforming the perimeter 1nto a <closed two-
dimensional (2D) figure having an 1nterior; and

projecting the plurality of points 1illustrating the

characteristic onto the interior of the 2D figure so as
to generate a 2D map of the characteristic of the 3D

heart chamber.

2. The method according to claim 1, wherein the heart

chamber comprises a left atrium of a heart.

3. The method according to claim 2, wherein the opening

comprises a mitral valve, when open, of the heart.

4 . The method according to claim 2, wherein the opening

comprises a pulmonary vein opening to the left atrium.

5. The method according to <c¢laim 1, wherein the
characteristic comprises one of a local activation time

(LAT) of the heart chamber, a force acting on the heart

chamber, and a temperature of the heart chamber.

6. The method according to claim 1, wherein the closed

two-dimensional figure comprises a circle.

7. The method according to <claim 1, wherein the
plurality of points form a 3D mesh of line segments and
junctions having a connectivity, and wherein projecting
the plurality of points comprises projecting the 3D mesh

to a 2D mesh while maintaining the connectivity of the 3D
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mesh in the 2D mesh, and generating the 2D map from the

2D mesh.

3 . The method according to claim 1, wherein the 2D map
defines a plane, and wherein the 2D map 1s rotatable
about a line in the plane so as to present a perspective
view of the 2D map, and wherein a first region in contact
with a first side of the plane corresponds to an 1interior
region of the 3D heart chamber, and a second region 1n
contact with a second side of the plane corresponds to an

exterior region of the 3D heart chamber.

9. The method according to claim 8, wherein a distal
end of a catheter is located in the interior region at a
distance and having an orientation with respect to the 3D
heart chamber, and wherein an icon representative of the
distance and the orientation is positioned in the first

region with respect to the plane.

10. The method according to claim 8, wherein the 3D
heart chamber comprises a left atrium, and wherein a
pulmonary vein connects to the exterior region of the
left atrium via a vein opening, the method further
comprising generating in the 2D map an 1indication of the
vein opening, and positioning 1in the second reglon a
representation of the pulmonary vein connected to the

indication.

11. The method according to claim 10, wherein a distal
end of a catheter is located within the pulmonary veiln,
and wherein an 1icon representative of a distance and a

location of the distal end 1is positioned within the

second reglion.

12. The method according to claim 1, and comprising

incorporating an indication of respective tissue
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thicknesses of elements o0of the heart chamber into the 2D

map.

13. Apparatus, comprising:

a processor which 1s configured to:

generate a three-dimensional (3D) map as a plurality
of points 1illustrating a characteristic of a 3D heart
chamber, the 3D heart chamber having an opening bounded
by a perimeter,

transform the perimeter into a closed two-
dimensional (2D) figure having an interior, and

project the plurality of points 1illustrating the
characteristic onto the interior of the 2D figure so as
to generate a 2D map of the characteristic of the 3D
heart chamber; and

a screen, upon which the processor 1s configured to

display the 2D map.

14. The apparatus according to claim 13, wherein the

heart chamber comprises a left atrium of a heart.

15. The apparatus according to claim 14, wherein the
opening comprises a mitral wvalve, when open, of the

heart.

16. The apparatus according to claim 14, wherein the
opening comprises a pulmonary veiln opening to the left

atrium.

17. The apparatus according to c¢laim 13, wherein the
characteristic comprises one of a local activation time
(LAT) of the heart chamber, a force acting on the heart

chamber, and a temperature of the heart chamber.

18. The apparatus according to claim 13, wherein the

closed two-dimensional figure comprises a circle.
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19. The apparatus according to claim 13, wherein the
plurality of points form a 3D mesh of line segments and
junctions having a connectivity, and whereln projecting
the plurality of points comprises projecting the 3D mesh
to a 2D mesh while maintaining the connectivity of the 3D
mesh in the 2D mesh, and generating the 2D map from the

2D mesh.

20. The apparatus according to claim 13, wherein the 2D
map deflnes a plane, and wherein the 2D map 1s rotatable
about a line in the plane so as to present a perspective
view of the 2D map when displayed on the screen and
whereln a first region 1n contact with a first side of
the plane corresponds to an interior region of the 3D
heart chamber, and a second region 1in contact with a
second side of the plane corresponds to an exterior

region of the 3D heart chamber.

21. The apparatus according to claim 20, wherein a
distal end of a catheter 1is located in the interior
region at a distance and having an orientation with
respect to the 3D heart chamber, and wherein an icon
representative of the distance and the orientation is

positioned in the first region with respect to the plane.

22. The apparatus according to claim 20, wherein the 3D
heart chamber comprises a left atrium, and wherein a
pulmonary veln connects to the exterior region of the
left atrium wvia a veln opening, the method further
comprising generating in the 2D map an indication of the
vein opening, and positioning 1in the second region a

representation of the pulmonary vein connected to the

indication.

23. The apparatus according to claim 22, wherein a

distal end of a catheter is located within the pulmonary
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vein, and wherein an 1icon representative of a distance
and a location of the distal end 1s positioned within the

second region.

24, The apparatus according to claim 13, wherein the
5 processor 1is configured to incorporate an indication of
respective tissue thicknesses of elements of the heart

chamber into the 2D map.

29
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