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METHOD TO PROJECT A TWO
DIMENSIONAL IMAGE/PHOTO ONTO A 3D
RECONSTRUCTION, SUCH AS AN
EPICARDIAL VIEW OF HEART

SUMMARY

[0001] A three-dimensional (3D) electrical mapping sys-
tem and method may be used to generate a 3D image of the
epicardial surface of a heart by integrating one or more
epicardial images with a 3D image of the heart that may be
generated by real-time 3D location and mapping system for
cardiac mapping and ablation. The visual representation of
the epicardial surface of the heart may be reconstructed
using, for example, an image sensor or camera-based cath-
eter to collect images of the epicardial surface including
textural details. For each image that is captured, the system
and method may store the image data along with the
corresponding catheter location, orientation and/or distance
information relative to the heart. The location, orientation,
and/or distance information may be used to reconstruct a 3D
textural model of the epicardial surface of the heart.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 shows a drawn depiction of an example
three-dimensional (3D) cardiac map of a patient’s heart
generated by a CARTO® 3 System, in accordance with the
disclosures herein;

[0003] FIG. 2A is a schematic diagram of an example
cardiac mapping and ablation system, in accordance with the
disclosures herein;

[0004] FIG. 2B is a schematic diagram of an example
catheter that may be included in the example cardiac map-
ping and ablation system of FIG. 24, in accordance with the
disclosures herein;

[0005] FIGS. 3A, 3B, and 3C show drawn depictions of
example 2D images of a pericardial space of a cardiac
structure, in accordance with the disclosures herein;
[0006] FIG. 4 is a flow diagram of an example procedure
for generating a 3D textural reconstruction image of the
epicardial surface of the heart, in accordance with the
disclosures herein; and

[0007] FIG. 5 shows an example high-level procedure for
generating a 3D geometric reconstruction image of a non-
contact 3D mapping of a cardiac structure, in accordance
with the disclosures herein.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0008] Cardiac ablation is a medical procedure performed
by electrophysiologists that may be used to correct heart
rhythm defects, known as arrhythmias, by creating lesions to
destroy tissue in the heart that contributes to the rhythm
defects. An example arrhythmia that can be treated using
cardiac ablation is atrial fibrillation (AF), which is an
abnormal heart rhythm that originates in the atria of the
heart.

[0009] Cardiac ablation may employ long, flexible cath-
eters that may be inserted through a small incision in the
groin and through the blood vessels to the heart, and may be
used to apply energy (e.g., radio frequency (RF) energy, or
extreme cold) to produce small scars or lesions on the tissue
to block faulty electrical impulses that may cause the heart
rhythm disorders. Real-time three-dimensional (3D) loca-
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tion and mapping technology may be employed to visualize
the exact position and orientation of a catheter within the
heart and act as an advanced navigation system to enable the
electrophysiologist to visualize and carefully guide the cath-
eter to administer the RF energy in the appropriate locations.
Goals of cardiac ablation are to remove the arrhythmia to
return the patient’s heart to a normal heart rhythm or reduce
the frequency of arthythmia and the severity of symptoms in
the patient.

[0010] An example of a real-time 3D location and map-
ping system for cardiac ablation is the CARTO® 3 System,
produced by Biosense Webster®, Inc., a subsidiary of John-
son & Johnson. The CARTO® 3 System uses electromag-
netic technology to create 3D maps of a patient’s cardiac
structure and to display the exact location and orientation of
the catheters (or other objects) in the heart. The CARTO®
3 System compensates for patient and cardiac motion to
ensure accurate, real-time visualization of the cardiac struc-
tures.

[0011] FIG. 1 shows an example 3D cardiac map of the
heart 100 of a patient generated by a CARTO® 3 System.
The location and orientation of a catheter 102 is illustrated
within the 3D visualization of the heart 100 of the patient.
The catheter 102 may be a therapeutic and/or diagnostic
catheter. Other objects and images, although not shown, may
be included in the 3D visualization shown in FIG. 1 such as,
but not limited to, the following: the location and orientation
of additional catheters and devices; a 3D synthetic heart
model used for orientation within the mapped heart 100; a
two-dimensional (2D) image to assist in directional (e.g., up,
down, back, forward) orientation; and fluoroscopy images or
other background images.

[0012] FIG. 2A is a schematic diagram of an example
cardiac mapping and ablation system 200 with integrated
real-time 3D location and mapping technology (e.g.,
CARTO® 3 System or other 3D location and mapping
technology), in accordance with the disclosures herein. The
cardiac mapping and ablation system 200 may include, but
is not limited to include, any of the following components:
a console system 201; extra-cardiac sensors 214; reference
device constellation 215; energy source 219; and/or catheter
(s) 220. The console system 201 may include, but is not
limited to include, any of the following components: pro-
cessing device(s) 202; local storage 208; visual display
device 216; and/or operator interface(s) 218. Certain ele-
ments of the cardiac mapping and ablation system 200 may
be used directly on, in, and/or in proximity to the patient 205
in order to gather information to be used for visualization,
diagnostics, and to perform ablation therapy. This informa-
tion may be provided to the console system 201 for pro-
cessing, visualization and operator control and direction,
some of which is described below.

[0013] The reference device constellation 215 (e.g., may
be referred to as a location pad) may include a ring of
computer-controlled (e.g., controlled by processing device
(s) 202) magnets positioned beneath the patient 205. The
magnets may have known and fixed strength and position
values that may be used as point of origin references for the
magnetic fields in the surrounding space and may provide
the reference information to the processing device(s) 202 to
be used in producing accurate 3D images of the heart.
[0014] The extra-cardiac sensor(s) 214 may be electrodes
on the skin of a patient 205, for example. The extra-cardiac
sensor(s) 214 may detect electrical activity of the heart via



US 2018/0279954 A1l

detection of electrical changes on the skin due to the
electro-physiologic pattern of the heart, and provide infor-
mation on the electrical activity to the processing device(s)
202 to be used in diagnosing arrhythmias and determining a
therapeutic course of action. Processed versions of the
extra-cardiac signals detected by the extra-cardiac sensor(s)
214 may be displayed on visual display device 216.
[0015] One or more devices may be used on the patient
205 for therapeutic and diagnostic purposes. In the example
cardiac mapping and ablation system 200, catheter(s) 220
are shown and described for these purposes; however, other
devices may be used for diagnostics and/or therapeutic
treatment.

[0016] One or more catheter(s) 220 may be percutane-
ously inserted by a physician through the patient’s 205
vascular system into the heart of the patient 205. The
catheter(s) 220 may be equipped with location and/or elec-
trical sensors for the purpose of gathering information for
diagnostic mapping and/or delivering therapeutic treatment
(e.g., performing ablation). Different types of catheter(s) 220
may be used including, but not limited to, the following
example types: fixed catheter; deflectable catheter; bi-direc-
tional catheter; uni-directional catheter; tricuspid mapping
catheter; halo-shaped tip catheter; basket catheter; and/or
lasso-shaped catheter. When the catheter(s) 220 is used for
performing ablation on a target location (e.g., one or more
locations along a path), for example by applying RF energy,
the catheter(s) 220 may receive the RF energy from the
energy source 219, as may be instructed by the processing
device(s) 202. In an example, the catheter(s) 220 may
request the RF energy directly from the energy source 219.
[0017] An example catheter 220 is shown in greater detail
in FI1G. 2B, showing some, but not all, of the elements that
may be included in the catheter 220. A catheter 220 may
include, but is not limited to include, any one or more of the
following components: electrode(s) 222; non-contact elec-
trodes 224; image sensor(s) 225; positioning sensor(s) 226;
distal tip 228; distal end 230; handle 232; and/or cable 240.
[0018] The distal end 230 of the catheter 220 may include
an electrode(s) 222 at the distal tip 228 that may be used to
measure electrical properties of the cardiac tissue. The
electrode(s) 222 may also be used to send electrical signals
to the heart for diagnostic purposes. The electrode(s) 222
may also perform ablation on defective cardiac tissue by
applying energy (e.g., RF energy) directly to the cardiac
tissue at the desired location of ablation.

[0019] The distal end 230 may include non-contact elec-
trodes 224 arranged in an array, which may be used to
simultaneously receive and measure far-field electrical sig-
nals from the walls of the heart chamber of the patient 205.
The electrode(s) 222 and non-contact electrodes 224 provide
information regarding the electrical properties of the heart to
the processing device(s) 202 for processing.

[0020] The catheter(s) 220 may be equipped with one or
more image sensor(s) 225, such as a charge coupled device
(CCD) image sensor, and/or a camera for capturing endo-
scopic images when inserted in a body cavity. The image
sensor(s) 225 may be located at the distal end 230.

[0021] The distal end 230 may include positioning sensor
(s) 226 (also called location sensors) in the distal tip 228 of
the catheter 220 that may generate signals used to determine
the position and orientation (and/or distance) of the catheter
220 in the body. In an example, the relative position and
orientation of the positioning sensor(s) 226, the electrode(s)
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222, and the distal tip are fixed and known in order to
facilitate accurate positioning information of the distal tip.
For example, the position of the positioning sensor(s) 226
may be determined in part based on the relative position to
known positions outside the heart (e.g., based on extra-
cardiac sensors 214). The use of positioning sensor(s) 226
may provide improved location accuracy within the mag-
netic fields in the surrounding space and provide location
information that is adaptable to patient movement because
the position information of the catheter 220 is relative to the
anatomy of the patient 205.

[0022] The handle 232 of the catheter 220 may be oper-
ated by the physician and may include controls 234 to enable
the physician to effectively steer the distal tip 228 in the
desired direction.

[0023] The electrodes 222, 224, and sensors 226 may be
connected to the processing device(s) 202 via wires that may
pass through handle 232 and cable 240, in order to provide
electrical and position information to the console system
201, which may be used to operate and display the function
of the catheter 220 within the heart in real-time.

[0024] With reference to FIG. 2A, within the console
system 201, the processing device(s) 202 may include one or
more signal processing circuits that may be contained inside
a computer, for example. The processing device(s) 202 may
be implemented in hardware and/or programmed in software
to carry out the functions of the cardiac mapping and
ablation system 200. This software may be downloaded to
the processing device(s) 202 in electronic form, over a
network, for example, and/or it may be provided on tangible
media, such as magnetic or optical media or other nonvola-
tile memory. For example, enhancement may be made to the
cardiac visualization and diagnostic capabilities of the car-
diac mapping and ablation system 200 by downloading and
installing software modules to the processing device(s) 202.
In an example, processing device(s) 202 may comprise a
general-purpose computer.

[0025] The processing device(s) 202 may receive,
amplify, filter and/or digitize signals (carrying information
or data) from catheter 220, including signals generated by
positioning sensor(s) 226, tip electrode(s) 222 and/or non-
contact electrodes 224. The signals are received and used by
the processing device(s) 202 to compute the position and
orientation of the catheter 220 as well as the electrical
characteristics of the heart chamber. In an example, appro-
priate circuitry may be associated with the catheter 220 itself
so that processing device(s) 202 receive signals that are
already amplified, filtered and/or digitized.

[0026] The processing device(s) 202 may also be used to
generate and send signals, containing information or instruc-
tions, to other elements in the cardiac mapping and ablation
system 200. For example, the processing device(s) 202 may
generate and send real-time 3D cardiac map information for
display on the visual display device 216. In another
example, the processing device(s) 202 may send/receive
information to/from the local storage 208. In another
example, the processing device(s) 202 may send signals to
the catheter(s) 220 to apply RF energy provided by the
energy source 219 to an ablation target.

[0027] As explained above, processing device(s) 202 may
implement specific functions, which may be represented
(e.g., illustratively or physically) as separate units within the
processing device(s) 202. For example, the processing
device(s) 202 may include a decoder unit 204 (e.g., imple-
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mented in hardware as a processing circuit and/or software
as a software module) that may be configured to receive the
position signals from the positioning sensor(s) 226 in the
catheter 220, and may use the position signals to calculate
position, orientation, distance, temperature and/or electro-
cardiogram (ECG) values for the catheter distal tip 228.

[0028] In another example, the processing device(s) 202
may include a controller unit 207 for sending instructions to
other devices in the system 200. For example, the controller
unit 207 may send instructions to the energy source 219 to
provide RF energy to the catheter(s) 220 for ablation, and
may send instructions to the catheter(s) 220 to apply the RF
energy to an ablation target (e.g., one or more locations
along a path).

[0029] In another example, the processing device(s) 202
may include a 3D image reconstruction unit 206 (e.g.,
implemented in hardware as processing circuits and/or soft-
ware as a software module) that may be configured to collect
image data from a medical imaging system (not shown),
such as a magnetic resonance imaging (MRI) system and/or
a computed tomography (CT) system, as well as image data
from the catheter(s) 220 (e.g., from image sensor(s) 225 in
FIG. 2B). 3D image reconstruction unit 206 may use the
image data to construct a simulated surface of the patient’s
205 cardiac chamber and provide it to the visual display
device 216 for display, as described further below.

[0030] The processing units 204, 206 and 207 are
examples, and do not comprise all the possible functions that
may be implemented in processing device(s) 202. Other
functionality and/or processing units may be included in
processing device(s) 202 but are not shown.

[0031] Visual display device 216 may be used to display
2D and/or 3D visual representations and/or maps of the heart
and show the exact location and orientation of the catheter
220 within the heart, based on information processing done
in the processing device(s) 202. For example, maps may be
displayed as anatomical maps, cardiac electrical activation
maps, cardiac electrical propagation maps, cardiac electrical
potential maps, impedance maps, cardiac chamber geom-
etry, and ECG fragmentation maps.

[0032] In addition to the cardiac representations/maps and
catheter(s), other objects in view and/or information (e.g.,
labels, diagnostics etc.) relevant to the mapping, diagnostic
and therapeutic procedures may also be displayed on visual
display device 216. The 3D visual representation of the
cardiac mapping is a critical tool used by the physician to
provide an accurate and real-time visual guide for perform-
ing diagnostic and therapeutic cardiac procedures, such as
cardiac ablation.

[0033] The operator interface(s) 218 may be used by one
or more operators to interact with and control the cardiac
mapping and ablation system 200. The operator interface(s)
218 may include, but are not limited to include, the follow-
ing devices: a keyboard; and/or a mouse. The operator
interface(s) 218 may allow operators to access and manipu-
late visual information, and may provide them with the
ability to tag, or label, lesions to keep track of treatment
strategies for individual patients.

[0034] Operators of the cardiac mapping and ablation
system 200 may include, but are not limited to include, the
following: a physician (e.g., an electrophysiologist) who
may, for example, control the catheter, gather and interpret
diagnostics, and perform the ablation procedure; and a
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Clinical Application Specialist (CAS) who functions as the
physician’s assistant during the procedures.

[0035] Ventricular tachycardia (VT or V-tach) is a type of
arrhythmia that arises from improper electrical activity in
the ventricles, which are the lower pumping chambers of the
heart. For example, a normal heart may beat between 60-100
beats per minute (bpm), with the atria of the heart contract-
ing first, followed by the ventricles in a synchronized
fashion. In VT, the ventricles beat at a rapid rate, for
example 120-300 bpm, and are no longer coordinated with
the atria. There are varying degrees of severity of VT, with
more severe cases potentially leading to ventricular fibril-
lation or cardiac arrest.

[0036] VT may be treated using ablation treatment, for
example using the tools and procedures described herein. In
some cases, a physician may determine that the VT origi-
nates from an electrical circuit on the outer surface of the
heart, or on the epicardium (i.e., the connective tissue and fat
layer immediately surrounding the heart muscle). For VT
that may occur on the epicardium, cardiac ablation may be
applied to the epicardium to treat the VT. For example, a
puncture into the sac (epicardium) around the heart may be
made just beneath the sternum to insert a catheter (e.g,,
catheter 220 in FIG. 2A). The catheter may be maneuvered
within the epicardium to determine whether the VT origi-
nates there. If VT is located on the epicardium, then ablation
treatment may be applied to the epicardium as part of VT
treatment.

[0037] Existing cardiac mapping and ablation systems
lack visualization of the details and texture of the epicardial
surface for diagnosing and treating heart conditions on the
epicardium, such as VT. For example, knowledge of the
coronary arteries, small vessels, adipose tissue, and/or scar
areas on the epicardial surface may be needed to perform
safe and effective ablation treatment. A large number of
photos may be needed to effectively display and visually
reconstruct a 3D object such as the exterior view of the heart
including the details of the surface and texture of the
epicardium.

[0038] According to an embodiment, a video-assisted 3D
electrical mapping system may be used to generate a gross
3D image of the epicardial surface of a heart by integrating
one or more 2D epicardial images with a 3D map of the
cardiac structure that may be generated by real-time 3D
location and mapping system for cardiac ablation (e.g. a
CARTO® 3 System). The 3D visual representation of the
epicardial surface of the heart may be reconstructed using,
for example, an image sensor or camera-based catheter to
collect a stream of images of the epicardial surface. An
example of an image sensor may be a charge-coupled device
(CCD) image sensor, which collects pixels stored as elec-
trical charges in a photo-sensor array to provide high quality
and high-resolution images.

[0039] For each 2D epicardial image that is captured, the
system may store the image data along with the correspond-
ing catheter location, orientation and/or distance. In an
example, the catheter location, orientation and/or distance
may be defined relative to external sensors (e.g., a location
pad and/or reference device constellation 215 in FIG. 2A)
that are also used for all images to ensure a consistent
relative location, orientation and/or distance information and
enable accurate stitching together or combining of multiple
images of aspects of the cardiac structure. Thus, the location,
orientation, and/or distance of the catheter image sensor (or
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camera) may be used to register and reconstruct a 3D object
using the 2D photos (images) by adding photos, at the
known location/orientation/distance, to the 3D map of the
heart.

[0040] FIGS. 3A, 3B and 3C show drawn depictions of
example 2D images 300A, 300B, and 300C of a pericardial
space (including the epicardium) of a cardiac structure, in
accordance with the disclosures herein. For example, the
example 2D images 300A, 300B, and/or 300C may be
captured by an image sensor mounted catheter 302 (e.g.,
catheter 220 in FIGS. 2A and 2B) inserted into the pericar-
dial space through a puncture site. The example images
300A, 300B, and 300C capture textural details of the epi-
cardial surface, including, but not limited to, the following:
coronary artery 304; small vessels 306; adipose tissue 308;
and/or scar lesions (not shown) (not all components of the
epicardial surface are labeled or shown).

[0041] According to the embodiments described herein,
example procedure 400 in FIG. 4 may be used to integrate
multiple 2D images of the pericardial surface (e.g., images
300A-300C in FIGS. 3A-3C) with a 3D geometric image or
map of the heart (e.g., FIG. 1) to generate a 3D reconstruc-
tion image of the epicardial surface of the heart including
textural details.

[0042] FIG. 4 is a flow diagram of an example procedure
400 for generating a 3D textural reconstruction image of the
epicardial surface of the heart, in accordance with the
disclosures herein. At 402, anatomical data of the cardiac
structure may be acquired and used to generate a 3D model
(or map or image) of the cardiac structure. For example, the
3D model of the cardiac structure may be generated using a
real-time 3D cardiac location and mapping system such as
the CARTO® 3 System. The 3D model of the cardiac
structure lacks textural details of the surface of the epicar-
dium.

[0043] To remedy the lack of detail for the epicardium, at
404, an image-sensor (or camera) based catheter may be
inserted into the epicardium to collect 2D images of the
epicardial surface showing textural details of the epicar-
dium. The images may be generated, for example, using a
CCD image sensor (e.g., mounted on a catheter or endo-
scope) and may show full details of the surface of the
epicardium including, but not limited to: small vessels;
coronary arteries; adipose tissue; and/or scar areas. At 406,
for each epicardial image, the following data may be stored:
image data; associated location data; associated orientation
data; and/or associated distance data. For example, the
image information collected in step 404 may be stored in
storage device in a table including the location/orientation/
distance information associated with each the image. For
example location/orientation/distance information for a 2D
epicardial image may be based on a relative position of the
image-sensor mounted catheter relative to an external ref-
erence (e.g., external sensors or external location pad).
[0044] At 408, location/orientation/distance information
associated with each 2D epicardial image may be used to
combine the 2D images, in the appropriate locations, with
the 3D model of the cardiac structure to generate a 3D
texture map of the epicardial surface. For example, any
algorithm for multi-view 3D reconstruction from 2D images
may be used, that may involve stitching the 2D images to the
3D model at the appropriate locations using the location/
orientation/distance information. In an embodiment, 2D
images may be captured (during step 404) and/or selected
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during step 408 to minimize the amount of overlapping and
redundant image information and thus reduce the number of
photos required for 3D image reconstruction of the epicar-
dium. At 410, the 3D texture map of the epicardial surface
of the cardiac structure may be displayed on a visual display
device (e.g., visual display device 216 in FIG. 2A) for use
by a physician or operator during diagnostics and/or treat-
ment of cardiac conditions (e.g., ablation treatment for VT).
[0045] Thus, according to the example procedure 400, the
use of the location, orientation and/or distance information
from the catheter may be used to map to the epicardial space
images to register and construct an accurate 3D model of the
heart to visualize not only the surface on the heart chamber,
but also the texture of the surface of the heart chamber
(epicardium). The use of the location, orientation and/or
distance information from the catheter image sensor (cam-
era) may also enable the use of fewer 2D photos of the
epicardial surface by minimizing the amount of overlapping
information in the photos used, and enabling the discarding
of redundant photos.

[0046] According to an example embodiment, an
approach for generating a 3D reconstruction image of a
cardiac structure may use a non-contact geometry construc-
tion (e.g., using non-contact sensors) and thus may provide
more effective and safer ablation by providing visualization
of the cardiac structure. FIG. 5 shows an example high-level
procedure 500 for generating a 3D geometric reconstruction
image 510 of a non-contact 3D mapping of a cardiac
structure (without texture), in accordance with the disclo-
sures herein. In the example of FIG. 5, the 2D images 502
and 504 of the cardiac structure (possibly along with other
2D images not shown) may be taken at different angles and
provided to algorithm 506 to be create the 3D geometric
cardiac image 510. Cardiac images 502 and 504 may be, for
example, images obtained by inserting an endoscope/cath-
eter into the cardiac structure and/or by imaging systems
(MRI, CT), and algorithm 506 may be any multi-view 3D
reconstruction algorithm. In an example, the procedure 500
may be used to obtain the 3D model of the cardiac structure
in step 402 of procedure 400 shown in FIG. 4.

[0047] The embodiments and procedures described herein
may be implemented in hardware, and/or software. A com-
puter system for performing ablation may be capable of
running software modules that introduce additional features
including the procedures described herein. The procedures
described herein may enable advanced cardiac visualization,
and diagnostic capabilities to enhance clinicians’ ability to
diagnose and treat heart rhythm disorders. Although the
procedures disclosed herein are describe with respect to
ablation procedures within the heart, the procedures may be
similarly used for ablation in other parts of the body.
[0048] It should be understood that many variations are
possible based on the disclosure herein. Although features
and elements are described above in particular combina-
tions, each feature or element can be used alone without the
other features and elements or in various combinations with
or without other features and elements.

[0049] The methods provided include implementation in a
general purpose computer, a processor, or a processor core.
Suitable processors include, by way of example, a general
purpose processor, a special purpose processor, a conven-
tional processor, a digital signal processor (DSP), a plurality
of microprocessors, one or more microprocessors in asso-
ciation with a DSP core, a controller, a microcontroller,
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Application Specific Integrated Circuits (ASICs), Field Pro-
grammable Gate Arrays (FPGAs) circuits, any other type of
integrated circuit (IC), and/or a state machine. Such proces-
sors can be manufactured by configuring a manufacturing
process using the results of processed hardware description
language (HDL) instructions and other intermediary data
including netlists (such instructions capable of being stored
on a computer readable media). The results of such process-
ing can be mask works that are then used in a semiconductor
manufacturing process to manufacture a processor which
implements the methods described herein.

[0050] The methods or flow charts provided herein may be
implemented in a computer program, software, or firmware
incorporated in a non-transitory computer-readable storage
medium for execution by a general purpose computer or a
processor. Examples of non-transitory computer-readable
storage mediums include a ROM, a random access memory
(RAM), a register, cache memory, semiconductor memory
devices, magnetic media such as internal hard disks and
removable disks, magneto-optical media, and optical media
such as CD-ROM disks, and digital versatile disks (DVDs).

What is claimed is:

1. A system configured to generate a three-dimensional
(3D) reconstruction image of an epicardial surface of a
cardiac structure, the system comprising:

a processing device configured to acquire anatomical data
of the cardiac structure and generate a 3D model of the
cardiac structure;

a catheter inserted into an epicardium of the cardiac
structure, the catheter comprising:

an image sensor configured to capture a plurality of
images of the epicardial surface of the cardiac struc-
ture and provide the plurality of images to the
processing device, wherein the plurality of images
include texture of the epicardial surface;

at least one location sensor configured to generate, for
each of the plurality images, corresponding location,
orientation and distance information and provide the
corresponding location, orientation and distance
information to the processing device;

the processing device further configured to generate a 3D
texture map of the epicardial surface of the cardiac
structure by stitching the plurality of images to the 3D
model of the cardiac structure using the corresponding
location, orientation and distance information;

the processing device configured to provide the 3D tex-
ture map of the epicardial surface of the cardiac struc-
ture to a visual display device; and

the visual display device configured to visually display
the 3D texture map of the epicardial surface of the
cardiac structure.

2. The system of claim 1, wherein the processing device
is further configured to store the plurality of images and the
corresponding location, orientation and distance information
in a local storage.

3. The system of claim 1, wherein the 3D texture map of
the epicardial surface of the cardiac structure shows at least
one of: a coronary artery, small vessels, adipose tissue, or a
scar lesion.

4. The system of claim 1, wherein the corresponding
location, orientation and distance information is relative to
an external reference.
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5. The system of claim 1, wherein:

the processing device is configured to generate the 3D
model of the cardiac structure using a multi-view 3D
reconstruction algorithm.
6. The system of claim 1, wherein the image sensor is a
charge-coupled device (CCD) image sensor.
7. The system of claim 1, wherein the processing device
is configured to generate the 3D texture map of the epicar-
dial surface of the cardiac structure by selecting a subset of
images from the plurality of images of the epicardial surface
of the cardiac structure based on the corresponding location,
orientation and distance information to minimize redundant
information in the subset of images.
8. The system of claim 1, wherein the 3D texture map of
the epicardial surface of the cardiac structure is used by a
physician to perform ablation treatment on the epicardium of
the cardiac structure.
9. The system of claim 8, wherein the ablation treatment
is used to treat ventricular tachycardia (VT).
10. The system of claim 1 configured to use non-contact
Sensors.
11. A method for generating a three-dimensional (3D)
reconstruction image of an epicardial surface of a cardiac
structure, the method comprising:
acquiring anatomical data of the cardiac structure and
generating a 3D model of the cardiac structure;

capturing a plurality of images of the epicardial surface of
the cardiac structure, wherein the plurality of images
include texture of the epicardial surface;
generating, for each of the plurality images, correspond-
ing location, orientation and distance information;

generating a 3D texture map of the cardiac structure by
stitching the plurality of images to the 3D model of the
cardiac structure using the corresponding location, ori-
entation and distance information; and

visually displaying the 3D texture map of the epicardial

surface of the cardiac structure.

12. The method of claim 11, further comprising;

storing the plurality of images and the corresponding

location, orientation and distance information.

13. The method of claim 11, wherein the 3D texture map
of the epicardial surface of the cardiac structure shows at
least one of: a coronary artery, small vessels, adipose tissue,
or a scar lesion.

14. The method of claim 11, wherein the corresponding
location, orientation and distance information is relative to
an external reference.

15. The method of claim 11, wherein:

the generating the 3D model of the cardiac structure uses

a multi-view 3D reconstruction algorithm.

16. The method of claim 11, wherein the plurality of
images of the epicardial surface of the cardiac structure are
captured using a charge-coupled device (CCD) image sensor
mounted to a catheter inserted into an epicardium of the
cardiac structure.

17. The method of claim 11, wherein the generating the
3D texture map of the epicardial surface of the cardiac
structure includes selecting a subset of images from the
plurality of images of the epicardial surface of the cardiac
structure based on the corresponding location, orientation
and distance information to minimize redundant information
in the subset of images.



US 2018/0279954 A1l

18. The method of claim 11, wherein the 3D texture map
of the epicardial surface of the cardiac structure is used by
a physician to perform ablation treatment on an epicardium
of the cardiac structure.

19. The method of claim 18, wherein the ablation treat-
ment is used to treat ventricular tachycardia (VT).

20. The method of claim 11, wherein the generating the
3D texture map of the epicardial surface of the cardiac
structure uses non-contact sensors.

® 0% % % %
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