US 20190313910A1

a9y United States

12y Patent Application Publication (o) Pub. No.: US 2019/0313910 A1l

VIGNON et al. (43) Pub, Date: Oct. 17, 2019
(54) SYSTEM AND METHOD FOR REAL-TIME Publication Classification
CREATION OF CARDIAC (51) Int.Cl
ELECTRO-PHYSIOLOGY SIGNALS IN THE AGIB 5/00 (2006.01)
HEART AGIB 5/042 (2006.01)
A61B 90/00 (2006.01)
(71)  Applicant: KONINKLIJKE PHILIPS N.V., A61B 8/12 (2006.01)
EINDHOVEN (NL) AG61B 5/06 (2006.01)
(52) US. CL
(72) Tnventors: Francois Guy Gerard Marie CPC ... A61B 5/0044 (2013.01); A61B 5/0422
VIGNON, ANDOVER, MA (US); (2013.01); A61B 5/6858 (2013.01); A61B
’ : ] 90/37 (2016.02); AGIB 8/4254 (2013.01);
Ameet Ki JAIN, BOSTON, MA
(U"S‘§6 tar AT, . AGIB 5/066 (2013.01); A61B 5/0421
(2013.01); 4618 2562/0209 (2013.01); 4618
8/12 (2013.01
(21) Appl. No.: 16/343,101 ( )
(57 ABSTRACT
(22) PCT Filed: Nov. 3. 2017 An instrument for internal mapping includes a flexible
’ elongated portion (702) and an expandable portion (710)
) coupled distally to the elongated portion, the expandable
(86) PCT No.: PCT/EP2017/078255 portion having one or more expandable loops. An array of
§ 371 (o)1), sensors (706) and electrodes (708) is distributed on the
(2) Date: Apr. 18, 2019 expandable portion and is configured to concurrently regis-
ter the instrument to real-time images of an anatomy using
the sensors and measure electrical characteristics of the
. anatomy with the electrodes to generate an electro-physiol-
Related U.S. Application Data ogy (EP) map having the anatomy and intensities of the
(60) Provisional application No. 62/418,856, filed on Nov. electrical characteristics mapped together in the real-time
8, 2016. images.

105

Workstation/control console 112
Memory 116
Analysis Model
| Processor module
Pl i 115 1
T
> propagation genf;astlon
135 —
Display | —
118 Image(s)
134
Interface
20 [T
100
] Probe
L—» Imaging system 110 130
Volume 132
Sensors Electrodes
113 11 10
N7
A |
\/



Patent Application Publication

US 2019/0313910 A1

FIG.

Oct. 17,2019 Sheet 1 of 7
Workstation/control console 112
Memory 116
Analysis Model
_ Processor module 136
> 114 15 136
 §
Back- gelrr\garggon
> propagation
135 148
Display <
118 Image(s)
134
Interface _
120 -
100
» Imaging system 110 |« Plrg%e
Volume 132
Sensors Electrodes
113 111 1L
S 7
\ |
\/
105



Patent Application Publication  Oct. 17,2019 Sheet 2 of 7 US 2019/0313910 A1

Optionally perform preoperative imaging ~~—202

l

Insert instrument in volume ~—204

Y

Image volume ~—206

Y

Register instrument with anatomy (images)  |~—203

y

Measure electrical characteristics
with electrodes

'

Back propagate electrical characteristics
to anatomy

l

Display electrical characteristics on
the anatomy

'

Obtain mechanical characteristics
from imaging

'

Display mechanical characteristics with electrical
characteristics on the anatomy 218

——210

212

214

——216

FIG. 2



Patent Application Publication  Oct. 17,2019 Sheet 3 of 7 US 2019/0313910 A1

"\

Pre-op map Plan Ablate Validate
302 304 306 308
Intra-op map
310

FIG. 3




\

Heart motion modeling

Real-time anatomy

Pracise electrode locations

Patent Application Publication  Oct. 17,2019 Sheet 4 of 7 US 2019/0313910 A1
3DUS ) Accurate navigation Catheter
404 408 412
i i \

Electrical measurements

402 406 410 414

Y

Constrained )

» back-propagation algorithm
416

. —— A
\

{ )

30 + T live EAM maps

418

FIG. 4



Patent Application Publication  Oct. 17,2019 Sheet 5 of 7 US 2019/0313910 A1

{ US probe l 532

Heart & other 530
5(<2 5(\)4 ROIs
\
518 ]
Ultrasound l
imaging system -,
—{ Connector JA—[ Cable(s) thtemonnect]a— Piezo-sensitive }
522 Sensors
L \
Reconstruction \ \ \
workstation, 514 510 508
including Control console 520 516 519 506
navigation \
] *526 Electrodes for
Connector Cable(s) Interconnect measuring
( ) electrical activity
Display —— 28 Expandable basket catheter
) SO
Disposable EP catheter

FIG. 5



Patent Application Publication  Oct. 17,2019 Sheet 6 of 7 US 2019/0313910 A1

604

FIG. 6

602



Patent Application Publication  Oct. 17,2019 Sheet 7 of 7 US 2019/0313910 A1

FIG. 7



US 2019/0313910 A1

SYSTEM AND METHOD FOR REAL-TIME
CREATION OF CARDIAC
ELECTRO-PHYSIOLOGY SIGNALS IN THE
HEART

BACKGROUND

Technical Field

[0001] This disclosure relates to electro-anatomical map-
ping, and more particularly to systems, devices and methods
for mapping a heart using real-time electro-physiology sig-
nals.

Description of the Related Art

[0002] With the increase in longevity of cardiology
patients, an increase in advanced cardiac disease, especially
involving imbalances in cardiac electrical activity, may be
observed. Cardiac electrophysiology (EP) interventions
involve identifying areas of improper cardiac electrical
activity, and then treating (usually by ablation) the identified
areas. Mapping electrical pathways inside the heart chamber
(e.g., left atrium) is performed prior to the intervention in
many procedures. There is a need to be able to create
realistic maps before, during and after the procedure to help
increase the efficacy of the procedure.

[0003] Mapping systems can map the activity of a single
point at a given moment of time. These “point by point”
mapping systems are typically cumbersome, take time to
operate (e.g., 20-60 minutes), suffer from cardiac motion,
and have poor physiological/functional resolution. Multi-
electrode, non-contact mapping systems do not work well
due to lack of three-dimensional (3D) constraints.

SUMMARY

[0004] In accordance with the present principles, an
instrument for internal mapping includes a flexible elon-
gated portion and an expandable portion coupled distally to
the elongated portion, the expandable portion having one or
more expandable loops. An array of sensors and electrodes
is distributed on the expandable portion and is configured to
concurrently the instrument to real-time images of an
anatomy using the sensors and measure electrical charac-
teristics of the anatomy with the electrodes to generate an
electro-physiology (EP) map having the anatomy and inten-
sities of the electrical characteristics mapped together in the
real-time images.

[0005] A system for internal mapping includes an instru-
ment including a flexible elongated portion and an expand-
able portion coupled distally to the elongated portion, the
expandable portion having one or more expandable loops
and an array of sensors and electrodes distributed on the one
or more expandable loops. An imaging system is configured
to image an anatomy. A controller has an analysis module to
receive the image data from the imaging system and elec-
trical characteristic data from the electrodes to register the
image data and the electrical characteristics data by employ-
ing the sensors to locate the instrument and to generate an
electro-physiology (EP) map having imaged anatomy and
intensities of the electrical characteristics mapped together
in an image or images.

[0006] A method for electro-physiology (EP) mapping
includes imaging an internal volume; registering an instru-
ment to images of the internal volume using an array of
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sensors responsive to an external imaging system, the instru-
ment including electrodes distributed on one or more
expandable loops of the instrument, the electrode being
located by the sensors; measuring electrical characteristics at
the electrodes of the instrument; back-propagating measured
electrical characteristics onto imaged geometry acquired of
the internal volume during imaging; and concurrently dis-
playing the measured electrical characteristics and the
imaged geometry to generate an EP map.

[0007] These and other objects, features and advantages of
the present disclosure will become apparent from the fol-
lowing detailed description of illustrative embodiments
thereof, which is to be read in connection with the accom-
panying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0008] This disclosure will present in detail the following
description of preferred embodiments with reference to the
following figures wherein:

[0009] FIG. 11is a block/flow diagram showing an electro-
physiology mapping system, which employs an instrument
having imaging sensors and electrodes for measuring elec-
trical characteristics in accordance with one embodiment;
[0010] FIG. 2 is a flow diagram showing methods for
electro-physiological mapping, which concurrently displays
electrical characteristics on images in accordance with one
embodiment;

[0011] FIG. 3 is a flow diagram showing an illustrative
workflow where electro-physiological mapping is employed
as feedback in accordance with one embodiment;

[0012] FIG. 41s a block/flow diagram showing an electro-
physiology mapping system and processing flow which
employs an instrument having imaging sensors for locating
an instrument in a volume and electrodes for measuring
electrical characteristics which are back propagated and
displayed together in a map in accordance with one embodi-
ment;

[0013] FIG. 5 is a block/flow diagram showing an instru-
ment employed for an electro-physiology mapping system in
greater detail and showing processing flow which employs
the instrument to display images of the volume and mea-
sured electrical characteristics together in a map in accor-
dance with one embodiment;

[0014] FIG. 6 shows one image of a heart having electrical
characteristics mapped and another image of a heart having
mechanical characteristics mapped in accordance with one
embodiment; and

[0015] FIG. 7 is a side view of a distal end portion of an
instrument having sensors and electrodes distributed on an
extendable loop in accordance with one embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] In accordance with the present embodiments, a live
electro-anatomical mapping product and method for opera-
tion are provided. In one embodiment, an optional functional
(mechanical) mapping is employed to complement electro-
anatomical mapping. Current mapping products are limited
in that an acquisition of the electrical maps is either cum-
bersome (required point-by-point contact of an electrode
with the heart surface) or imprecise (e.g., non-contact elec-
trical arrays rely on inaccurate assumptions to solve under-
determined inverse problems to reconstruct cardiac poten-
tials from far-field potentials).
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[0017] The present embodiments employ ultrasound
imaging to obtain real-time anatomical information, and
real-time tracking of a multi-electrode catheter or other
instrument for precise registration of an electrode array and
the anatomy. This permits precise reconstruction of cardiac
potentials. In one embodiment, the electrode array is tracked
with ultrasound (US) (which can include inSitu™ technol-
ogy) with ultrasound sensors embedded in the electrode
array. inSitu™ technology refers to one or more US receiv-
ers within a volume that can receive US signals from a US
probe and compute a relative location based on time of
flight, signal strength of other parameters. In addition to
geometrical information for re-propagating activation poten-
tials, ultrasound permits heart motion and deformation quan-
tification. The present embodiments enable full three-dimen-
sional (3D) characterization of electrical and mechanical
parameters in a single module.

[0018] A challenge with inverse mapping catheters is that
conventional catheters lack enough information to recon-
struct complete and/or accurate information for a complete
3D map, at least to a level that is needed for clinical practice.
The present embodiments employ real-time ultrasound (US)
imaging for adding morphological information to assist in
creating more accurate maps. The US could be two-dimen-
sional (2D) or 3D, with 3D being preferred.

[0019] 3D US information can be created using one or a
plurality of matrix arrays or a tracked/navigated 2D US
probe. Live ultrasound imaging can be employed in con-
Junction with heart modeling or registration to pre-operative
computed tomography (CT), cone beam CT, magnetic reso-
nance imaging (MRI), etc. to complement anatomical infor-
mation. The 3D anatomical information during heart beat-
ing, and the concurrent raw voltages measured by the
inverse mapping catheters, can be integrated together with a
precise electro-mechanical model. To do so, the information
is registered in a highly precise manner. In one embodiment,
InSitu™ technology can be employed, which can register/
track small piezo-sensitive sensors inside the US field of
view with an accuracy of, e.g., about 0.25 mm—about 0.5
mm.

[0020] In alternate embodiments, different tracking tech-
nologies, such as electromagnetic (EM) or Fiber-Optical
RealShape™ (FORS™, also known as Optical Shape Sens-
ing (OSS). Fiber Shape Sensing, Fiber Optical 3D Shape
Sensing, Fiber Optic Shape Sensing and Localization or the
like) can be employed. A Fiber-Optical RealShape™ or
FORS™ is a commercial name for systems developed by
Koninklijke Philips, N.V. As used herein, the terms FORS™
and FORS™ systems are not, however, limited to products
and systems of Koninklijke Philips, N.V., but refer generally
to fiber optic(al) shape sensing and fiber optic(al) shape
sensing systems, fiber optic(al) 3D shape sensing, fiber
optic(al) 3D shape sensing systems, fiber optic(al) shape
sensing and localization and similar technologies. FORS
systems are also commonly known as “optical shape sensing
systems”.

[0021] It should be understood that the present invention
will be described in terms of medical instruments; however,
the teachings of the present invention are much broader and
are applicable to any instruments or systems that employ
internal mapping. In some embodiments, the present prin-
ciples are employed in tracking or analyzing complex bio-
logical or mechanical systems. In particular, the present
principles are applicable to internal tracking procedures of
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biological systems and procedures in all areas of the body
such as the lungs, gastro-intestinal tract, excretory organs,
blood vessels, etc. and especially the heart. The elements
depicted in the FIGS. may be implemented in various
combinations of hardware and software and provide func-
tions which may be combined in a single element or multiple
elements.

[0022] The functions of the various elements shown in the
FIGS. can be provided through the use of dedicated hard-
ware as well as hardware capable of executing software in
association with appropriate software. When provided by a
processor, the functions can be provided by a single dedi-
cated processor, by a single shared processor, or by a
plurality of individual processors, some of which can be
shared. Moreover, explicit use of the term “processor” or
“controller” should not be construed to refer exclusively to
hardware capable of executing software, and can implicitly
include, without limitation, digital signal processor (“DSP”)
hardware, read-only memory (“ROM”) for storing software,
random access memory (“RAM?™), non-volatile storage, etc.
[0023] Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention, as well as
specific examples thereof, are intended to encompass both
structural and functional equivalents thereof. Additionally, it
is intended that such equivalents include both currently
known equivalents as well as equivalents developed in the
future (i.e., any elements developed that perform the same
function, regardless of structure). Thus, for example, it will
be appreciated by those skilled in the art that the block
diagrams presented herein represent conceptual views of
illustrative system components and/or circuitry embodying
the principles of the invention. Similarly, it will be appre-
ciated that any flow charts, flow diagrams and the like
represent various processes which may be substantially
represented in computer readable storage media and so
executed by a computer or processor, whether or not such
computer or processor is explicitly shown.

[0024] Furthermore, embodiments of the present inven-
tion can take the form of a computer program product
accessible from a computer-usable or computer-readable
storage medium providing program code for use by or in
connection with a computer or any instruction execution
system. For the purposes of this description, a computer-
usable or computer readable storage medium can be any
apparatus that may include, store, communicate, propagate,
or transport the program for use by or in connection with the
instruction execution system, apparatus, or device. The
medium can be an electronic, magnetic, optical, electromag-
netic, infrared, or semiconductor system (or apparatus or
device) or a propagation medium. Examples of a computer-
readable medium include a semiconductor or solid state
memory, magnetic tape, a removable computer diskette, a
random access memory (RAM), a read-only memory
(ROM), a rigid magnetic disk and an optical disk. Current
examples of optical disks include compact disk-read only
memory (CD-ROM), compact disk-read/write (CD-R/W),
Blu-Ray™ and DVD.

[0025] Reference in the specification to “one embodi-
ment” or “an embodiment” of the present principles, as well
as other variations thereof, means that a particular feature,
structure, characteristic, and so forth described in connection
with the embodiment is included in at least one embodiment
of the present principles. Thus, the appearances of the phrase
“in one embodiment” or “in an embodiment”, as well any
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other variations, appearing in various places throughout the
specification are not necessarily all referring to the same
embodiment.

[0026] It is to be appreciated that the use of any of the
following “/”, “and/or”, and “at least one of”, for example,
in the cases of “A/B”, “A and/or B” and “at least one of A
and B”, is intended to encompass the selection of the first
listed option (A) only, or the selection of the second listed
option (B) only, or the selection of both options (A and B).
As a further example, in the cases of “A, B, and/or C” and
“at least one of A, B, and C”, such phrasing is intended to
encompass the selection of the first listed option (A) only, or
the selection of the second listed option (B) only, or the
selection of the third listed option (C) only, or the selection
of the first and the second listed options (A and B) only, or
the selection of the first and third listed options (A and C)
only, or the selection of the second and third listed options
(B and C) only, or the selection of all three options (A and
B and C). This may be extended, as readily apparent by one
of ordinary skill in this and related arts, for as many items
listed.

[0027] It will also be understood that when an element
such as a layer, region or material is referred to as being “on”
or “over” another element, it can be directly on the other
element or intervening elements may also be present. In
contrast, when an element is referred to as being “directly
on” or “directly over” another element, there are no inter-
vening elements present. It will also be understood that
when an element is referred to as being “connected” or
“coupled” to another element, it can be directly connected or
coupled to the other element or intervening elements may be
present. In contrast, when an element is referred to as being
“directly connected” or “directly coupled” to another ele-
ment, there are no intervening elements present.

[0028] Referring now to the drawings in which like
numerals represent the same or similar elements and initially
to FIG. 1, a system 100 that combines US (3D) and electrical
measurements for live, dense, accurate electro-anatomic
maps (EAMs) is illustratively shown in accordance with one
embodiment. System 100 can include a workstation or
control console 112 from which a procedure is supervised
and/or managed. Workstation or control console 112 is
responsible for interfacing between instrument, imaging,
and registration systems. Workstation 112 preferably
includes one or more processors 114 and memory 116 for
storing programs and applications. Memory 116 stores
analysis tools and registration tools for processing US
signals and models. Memory 116 also stores other tools,
operating systems and programs or functions needed for the
control console 112 and its peripherals.

[0029] An analysis module 115 is configured to interpret
and/or register US images collected using an imaging sys-
tem 110 (preferably an ultrasound system, although other
imaging systems may be employed) with one or more
models or preoperative images taken on an anatomical
feature or volume 132 (e.g., the heart). The analysis module
115 runs programs for registration of data/images, to per-
form back-propagation of electrical fields, and to provide
electro-mechanical analysis or other analysis. The back-
propagation of electric fields includes a program or algo-
rithm that associates measured electric fields with an ana-
tomical structure or surface. In this way, the measured
electrical properties, e.g., dipole density, voltage, etc., can be
mapped on or with the anatomical structure so that a
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determination can be made as to the tissues status. For
example, in an ablation process, the characteristics of
ablated material will be different from unablated material.
This leads to a better understanding of the progress of the
ablation while more accurately preserving healthy tissue.
[0030] The US imaging system 110 enables live 2D or 3D
acquisition of anatomy and motion of the feature 132 (e.g,,
the heart). The US imaging system 110 preferably acquires
views from a transthoracic perspective. In one embodiment,
the 3D anatomy can be achieved by stitching 2D views from
an ultrasound probe 130. In some embodiments, the ultra-
sound probe 130 can be transesophageal echocardiography
(TEE) or intracardiac echocardiography (ICE) probe.
[0031] A medical device or instrument 102 can include a
catheter, a guidewire, a probe, an endoscope, a robot, an
electrode, a filter device, a balloon device, or other medical
component. The instrument 102 preferably includes an
intracardiac instrument on a catheter having an array 105 of
electrodes 111 and/or sensors 113 for US mapping and
electrical mapping of a heart.

[0032] The instrument 102 may include sensors/devices
113 for other technologies for internal mapping, e.g., one or
more optical fibers for FORS™ shape sensing, EM sensors,
etc., which may be coupled to the instrument 102 in a set
pattern or patterns. The sensors/devices 113 connect to the
workstation 112 through the instrument 102, as needed. In
one embodiment, the instrument 102 includes the intracar-
diac array 105 with electrodes 111 for acquisition of elec-
trical signals inside the heart using a non-contact electrodes
(e.g., the electrodes that make measurements that do not
touch the myocardium). The array 105 includes sensors 113
co-located with the electrodes 111 for registration with
ultrasound images from the US imaging system 110. In a
particularly useful embodiment, the sensors 113 include
ultrasound receivers (e.g., lead zirconate titanate (PZT),
polyvinylidene fluoride (PVDF), copolymer, fiber-optic-
based receivers, etc.) that indicate a position and orientation
(tracking function) of the instrument and therefore the
electrodes at a given time. The instrument 102 includes a
tracking technology for the tracking function, such as an
ultrasound-based (inSitu™) tracking technology using the
ultrasound imaging system 110.

[0033] The electrodes 111 make measurements of electri-
cal characteristics. These measurements are back-propa-
gated to associate the electrical characteristics with anatomi-
cal geometry. The back-propagation in performed by a
back-propagation module 135. The back-propagation mod-
ule 135 employs known relationships between anatomical
features and measured electrical characteristics to more
accurately determine voltages, charge, dipole density, etc. on
a surface or image of the volume 132 (e.g., the heart).
[0034] In one embodiment, workstation 112 includes an
image generation module 148, which is configured to
receive feedback from the array 105 and register the feed-
back with images, models or other data. The image genera-
tion module 148 renders one or more sets of data for
concurrent display and further manual manipulation. An
image or images 134 of the internal volume or feature 132
can be displayed on a display device 118. Workstation 112
includes the display 118 for viewing internal images of the
volume 132 and may include the image 134 as an overlay(s)
or other rendering, as needed. The display 118 can output
surface cardiac potentials, mechanical information, and the
relationship between these.
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[0035] Mechanical information (e.g., deformation infor-
mation) and other mechanical properties may be determined
from the imaging system 110 (US). The mechanical infor-
mation may be displayed concurrently with the electrical
characteristic data and/or the images 134. A model or models
136 can be stored in the memory 116. In one embodiment,
the model 136 includes a dynamic heart model that simu-
lates motion of the heart (or other organ) to assist in
accurately accounting for heart motion in images. This
assists in registration of the instrument 102, registration
between preoperative images and real-time images and
mapping electrical characteristics to a beating heatt.
[0036] The display 118 may also permit a user to interact
with the workstation 112 and its components and functions,
or any other element within the system 100. This is further
facilitated by an interface 120 which may include a key-
board, mouse, a joystick, a haptic device, or any other
peripheral or control to permit user feedback from and
interaction with the workstation 112.

[0037] In a particularly useful embodiment, the catheter
102 includes a plurality of electrodes 111 to acquire elec-
trical signals in a non-contact manner. The positions of the
electrodes 111 are registered with the external imaging
system 110 (preferably ultrasound) with tracking technology
(preferably inSitu™). The external imaging system 110 may
optionally include heart model fitting or registration to
pre-op imaging and provides anatomical image information.
The external imaging system 110 can also provide mechani-
cal information. Real-time measured positions of the elec-
trodes, together with the real-time measured position of the
heart anatomy, permit re-propagation of the electrical sig-
nals acquired by the electrodes 111 onto the surface of the
heart (132) or other structure to provide accurate electrical
maps. The electrical maps are displayed on the display 118
together with mechanical activation maps.

[0038] Referring to FIG. 2, methods for electro-anatomi-
cal mapping a heart or other organ are shown in accordance
with illustrative embodiments. It should be understood that
the blocks set forth in FIG. 2 may be taken in any order and
that steps outlined herein may be conducted concurrently
and in real-time. For example, electrical measurements and
imaging can be conducted concurrently.

[0039] In block 202, pre-operative imaging may option-
ally be performed. This may include MRI, CT, US, etc. The
images may be employed to improve image accuracy by
registering the preoperative images with real-time images.
In block 204, an instrument is inserted into an internal
volume, e.g., a heart chamber or other internal volume. The
instrument may include a flexible elongated portion (e.g., a
catheter, etc.). An expandable portion may be coupled
distally to the elongated portion. The expandable portion
includes one or more expandable loops and may include a
basket catheter or the like. An array of sensors and elec-
trodes are distributed on the expandable portion.

[0040] In block 206, the heart chamber or other volume is
imaged with US (e.g., 3D or 2D US). This includes real-time
imaging. The external imaging system (preferably ultra-
sound, optionally with heart model fitting or registration to
pre-op imaging) provides anatomical information, and can
optionally provide mechanical information about the heart
(or other organ). In block 208, the instrument is registered
with anatomy on the US images. Any suitable registration
method may be employed. The position of the electrodes is
registered with an external imaging system (preferably US)
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with tracking technology (preferably inSitu™, which uses
the US sensors as beacons to indicate their position to the
external imaging system). In one embodiment, the external
US imaging system sends US signals, which are received by
US sensors. The US sensors reveal their location using the
time of flight, signal strength and other US characteristics.
The position of the instrument and therefore the electrode is
obtained and can be registered with the anatomical images.
[0041] In block 210, electrical characteristics (e.g., volt-
ages, charges, dipoles densities, etc.) are measured at elec-
trodes of the electrode array of the instrument. In block 212,
the measured electrical characteristics, information on
anatomy and electrode locations (e.g., results of blocks
206-210) are combined to back-propagate an association of
the electrical characteristics to anatomical features in the
volume. The real-time measured positions of the electrodes
(block 208), together with the real-time measured position
of the heart anatomy (block 206), permit re-propagation of
the electrical signals acquired by the electrodes (block 210)
onto the heart surface to provide accurate electrical maps.
For example, voltages are back-propagated to a heart surface
to obtain cardiac voltages, charges and dipole density in
regions of the heart. Back-propagating the measured volt-
ages onto the accurate geometry acquired in block 204
makes the back-propagation more accurate than assuming a
given geometry (as in conventional techniques). The motion
of the heart may be computed in a model and the motion of
the model can be correlated to the electrical measurements
and the image of the heart beating. The measured electrical
response can be predicted using the model so that a corre-
lation between the heart motion and the electrical responses
can be aligned.

[0042] In block 214, a spatio-temporal distribution of
cardiac electrical characteristics (e.g., voltages) obtained in
block 212 are displayed on a display device on the imaged
anatomy. In block 216, mechanical characteristics, e.g.,
deformation information from US imaging may optionally
be obtained. In block 218, the spatio-temporal information
on electrical activation (from block 212) and the mechanical
deformation (from block 216) are combined into a same
display generation module and displayed concurrently. The
electrical maps can be displayed together with mechanical
activation maps.

[0043] Referring to FIG. 3, in accordance with one
embodiment, a workflow 300 for electro-physiology (EP) is
updated using an intra-operative feedback loop 310 for
updating an operative plan 304. In one example, the opera-
tive workflow 300 may include a heart ablation procedure.
Beginning with preoperative images (e.g., MRI, CT, US,
X-ray, etc.), a preoperative map 302 of the heart (or other
organ) can be created. Using the pre-operative map 302, the
plan 304 is formulated. The plan identifies the parts of the
heart that will be treated and how they will be treated, e.g.,
ablation parameters, etc. In block 306, ablation is performed
in accordance with the plan 304.

[0044] However, in accordance with the present principles
the plan is updated using the feedback loop 310. The
feedback loop 310 includes the use of EP map updates
generated through the methods described with respect to
FIG. 2. The feedback provides highly accurate new infor-
mation on the heart and can be employed to adjust the plan
in real-time. After ablation, the results are validated in
validation block 308. Because of the real-time mapping
capability, the feedback loop 310 can improve results for all
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EP labs and EP interventions before, during and after the
procedure and can be used to update the ablation plan 304
during the ablation 306. The mapping system in accordance
with the present embodiments can create EAM maps faster,
and with greater precision than conventional systems.

[0045] Referring to FIG. 4, the mapping system in accor-
dance with the present embodiments can employ a plurality
of data sources to increase the accuracy. These different data
sources can include models, images, navigation data, elec-
trical measurements etc. employed in generating a real-time
map update. A block diagram 400 illustratively shows the
interaction between data sources in generating spatial-tem-
poral (3D+T) EAM maps 418 in real-time. A heart model
402 can be employed and, in particular, a model representing
the motion of a beating heart. The model 402 can be used in
conjunction with real-time anatomical images 406, which
can be gathered using a real-time imaging system 404, such
as, a 2D or 3D ultrasound imaging system. The model 402
and the images 404 can be registered or otherwise combined
to understand and predict the motion of the heart.

[0046] More specifically, the model 402 is either a statis-
tical model derived from a patient population, or a tailored
model made to represent the particular patient. In the latter
case, the model 402 can be derived from segmentation of CT
or cone-beam CT pre-operative images. The temporal
dynamics of the heart may or may not be included in the
model 402. Under ultrasound imaging, the model 402 is
dynamically fitted to a live ultrasound view to enhance the
viewing experience, displaying the heart boundaries in an
intuitive way. The model 402 is also employed to extrapolate
the heart position beyond the parts that are visible under
ultrasound’s limited field of view. The model 402 can be an
existing model enhanced in accordance with the present
principles.

[0047] Accurate secondary navigation systems 408 can be
employed to define a relative position between an EP
instrument, e.g., a catheter 412 or other device having
electrodes and/or sensors disposed thereon. The accurate
navigation systems 408 may include EM, FORS™, US
responsive sensors, or any other suitable navigation system.
The accurate navigation system 408 is employed to deter-
mine the positions of the electrodes and/or sensors of the
instrument when disposed internally to map the heart. The
catheter 412 employs the electrodes and/or sensors to make
electrical measurements of the beating heart. These mea-
surements are preferably performed inductively or capaci-
tively without making contact with the heart.

[0048] The data collected including the real-time anatomy
406, electrical measurements 414 and electrode positions
410 are used as inputs to a constrained back-propagation
algorithm 416. The constrained back-propagation algorithm
416 can include a method that associates the electrical
measurements with positions on the heart. The constrained
back-propagation algorithm 416 uses the electrode positions
410, the position of the heart (406) and the electrical
measurements 414 to associate and place the electrically
measured parameters at positions on the heart. This, in turn,
generates the live EAM maps 418. The maps 418 are
generated in real-time and therefore are frequently updated
so that the map provides visual guidance in the form of a
map showing the electrical properties associated with the
positions of the heart. This provides information showing
the health of the tissue, regions that have been ablated,
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regions to be ablated in accordance with the plan and
feedback for updating the plan in order to achieve the goals
of the plan.

[0049] Referring to FIG. 5, a block/flow diagram shows an
instrument 502 (see also instrument 102 in FIG. 1) and
hardware connections between components in greater detail.
In a particularly useful embodiment, the instrument 502
includes an expandable basket catheter 504, which can
include a mechanism for expanding and/or contracting a
configuration for a portion of the catheter. In one embodi-
ment, a non-contact mapping expandable catheter 504 may
include an expansion cage or a balloon. The expandable
catheter 504 includes ultrasound transducers or sensors 508
arranged on the catheter 504 for locating positions of
electrodes 506 inside a heart or other regions of interest
(ROI) 530 using an US probe 532 of an US imaging system
524. Live anatomy (and function) is obtained from the US
imaging system 524. The ultrasound transducers or sensors
508 can be arranged in a simple array or may include a
complex arrangement on the expandable catheter 504. The
sensors 508 are responsive to the US signals and reveal their
positions to a control console 522 through signals on cable
(s) 514. The expandable catheter 504 can also include an
array of electrodes for measuring electrical activity of the
heart or other ROI 530.

[0050] The expandable catheter 504 includes intercon-
nects 510 and 512 employed for making electrical connec-
tions to the sensors 508 and electrodes 506, respectively. The
expandable catheter 504 connects to or is assembled with the
instrument 502, which can include a disposable EP catheter
or the like. The instrument 502 may include cables 514 and
516 that connect to interconnects 510, 512. The cables 514,
516 may, in turn, connect with the control console 522, The
control console 522 and a reconstruction workstation 526
may be part of a single computer console (e.g., workstation
112 in FIG. 1) or be separate components. The reconstruc-
tion workstation 526 includes the back-propagation algo-
rithm and hosts programs for navigation systems. A display
528 is employed to render the EAM maps for real-time
updating of the heart or ROT 530 images that can provide
still images or video of the beating heart showing electrical
characteristics (e.g., dipole density, voltages, etc.) along
with mechanical (e.g., displacement, velocity, acceleration,
strain, strain rate, etc.) and visual characteristics of the heart
or ROI 530.

[0051] Referring to FIG. 6, electrical activation maps
(EAM) 602 can include intensity maps integrated with
anatomical maps and/or mechanical activation maps 604.
These can be obtained from the anaysis of ultrasound data
from the ultrasound system and electrode measurements
employed in accordance with the present embodiments. The
color scales of these maps can be configured to indicate
times of onset of electrical and mechanical activations,
repectively. These maps 602 and 604 are displayed concur-
rently on a same anatomical image or model, which is of
interest to a clinician both for planning and monitoring a
procedure.

[0052] Referring to FIG. 7, an instrument 700 includes an
expandable portion 710 (e.g., a basket), which can include
one or more expandable loops 704 for expanding and/or
contracting a configuration on a catheter 702. In one
embodiment, the expandable portion 710 includes electrodes
708 and sensors (e.g., US) 706 disposed in an array along the
loop 704. The loop 704 includes a flexible or semi-rigid
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structure that can have a lumen for carrying electrical wires
(not shown) back through the catheter 702. The lumen can
also permit a FORS™ or other navigation system sensor to
be deployed. In one embodiment, the loop 704 may carry an
EM sensor.

[0053] The portion 710 may include a plurality of loops
704 that can form a cage or basket. The loop or loops can
expand (or contract) as indicated by arrows “A”. The sensors
706 of the catheter portion 710 can include ultrasound
transducers arranged on the loop 704 to get live cardiac
anatomy from inside a heart or other regions of interest
(ROI). The electrodes 708 are configured in an array to take
dipole densities or voltage measurements (among other
parameters) of the heart.

[0054] Instrument 700 concurrently locates electrodes
form registration to real-time images and at the same time
provides electrical characteristics for the real-time imaged
locations. By employing the instrument 700 in a procedure,
fast and accurate feedback can be provided for visual display
in real-time.

[0055] In interpreting the appended claims, it should be
understood that:

[0056] a) the word “comprising” does not exclude the
presence of other elements or acts than those listed in
a given claim;

[0057] b) the word “a” or “an” preceding an element
does not exclude the presence of a plurality of such
elements;

[0058] c¢) any reference signs in the claims do not limit
their scope;

[0059] d) several “means” may be represented by the
same item or hardware or software implemented struc-
ture or function; and

[0060] e) no specific sequence of acts is intended to be
required unless specifically indicated.

[0061] Having described preferred embodiments for sys-

tems and methods for real-time creation of cardiac electro-

physiology signals in the heart (which are intended to be

illustrative and not limiting), it is noted that modifications

and variations can be made by persons skilled in the art in

light of the above teachings. It is therefore to be understood

that changes may be made in the particular embodiments of

the disclosure disclosed which are within the scope of the

embodiments disclosed herein as outlined by the appended

claims. Having thus described the details and particularity

required by the patent laws, what is claimed and desired

protected by Letters Patent is set forth in the appended

claims.

. (canceled)

. (canceled)

. (canceled)

. (canceled)

. (canceled)

. (canceled)

. (canceled)

. (canceled)

. (canceled)

10. A system for internal mapping, comprising:

an instrument including a flexible elongated portion and
an expandable portion coupled distally to the elongated
portion, the expandable portion having one or more
expandable loops and an array of sensors and elec-
trodes distributed on the one or more expandable loops,
the sensors configured to generate position data of the
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electrodes within an anatomy, the electrodes configured
to generate electrical characteristics data of the
anatomy,

an external imaging system configured to generate image

data of an anatomy; and

a controller having an analysis module to concurrently

receive the image data from the external imaging
system, the position data from the sensors and the
electrical characteristic data from the electrodes to
register the image data and the electrical characteristics
data based on the position data and to generate in
real-time an electro anatomical map including an elec-
trical map of the anatomy derived from the electrical
characteristics data integrated with an anatomical map
derived from the image data.

11. The system as recited in claim 10, wherein the
electro-anatomical map further includes a mechanical acti-
vation map of the anatomy derived from the image data- and
integrated with the electrical map and the anatomical map.

12. The system as recited in claim 10, wherein the
electrical characteristics data includes one or more of volt-
age, charge and/or dipole density.

13. The system as recited in claim 10, further comprising
a secondary navigation system configured to track the instru-
ment within the anatomy.

14. The system as recited in claim 10, wherein the
external imaging system includes an ultrasound system and
the sensors include ultrasound sensors to determine a posi-
tion of the instrument and the electrodes.

15. The system as recited in claim 10, wherein the
controller includes a back propagation program that associ-
ates measured electrical characteristics of the anatomy
derived from the electrical characteristic data with a struc-
ture or a surface of the anatomy derived from the image data.

16. The system as recited in claim 10, further comprising
a display to display the electro-anatomical map to provide
real-time feedback of anatomical changes as measured by
the electrical characteristics data and the image data.

17. A method for electro anatomical mapping of an
internal volume, the method comprising:

imaging, by an external imaging system, the internal

volume having an instrument therein, the instrument
including an array of electrodes and sensors distributed
on one or more expandable loops of the instrument, the
electrodes being locatable by the sensors;

registering, by a controller the instrument to the images of

the internal volume using the sensors responsive to the
external imaging system;
measuring, by the controller, electrical characteristics of
the internal volume at the electrodes of the instrument;

back-propagating, by the controller, the measured electri-
cal characteristics of the internal volume onto the
imaging of the internal volume by the external system;

generating in-real time, by the controller, an electro-
anatomical map including an electrical map of the
anatomy derived from the measured electrical charac-
teristics of the interval volume integrated with an
anatomical map of the internal volume derived from the
imaging of the internal volume by the external imaging
system; and

displaying, by a display, the electro-anatomical map.

18. The method as recited in claim 17, wherein measur-
ing, by the controller, of the electrical characteristics of the
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internal volume includes measuring the electrical character-
istics of the internal volume with non-contact electrodes.

19. The method as recited in claim 17, wherein the
displaying, by the display, of the electro-anatomical map
includes displaying a real-time three-dimensional image of
the internal volume with the electrical characteristics as
feedback for a procedure.

20. The method as recited in claim 17, wherein the
back-propagating, by the controller, of the measured elec-
trical characteristics of the internal volume onto the imaging
of the internal volume by the external imaging system
includes an accounting, by the controller, for motion of the
internal volume using a dynamic model which models the
motion.

21. The method as recited in claim 17, further comprising
obtaining, by the controller, mechanical deformation infor-
mation of the internal volume from the imaging of the
internal volume by the external imaging system; and con-
currently displaying, by the display, the mechanical defor-
mation information and the electro-anatomical map.
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