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7) ABSTRACT

Various embodiments provide a cardiac imaging system and
method that includes using a portable electrocardiogram
(ECG) recorder to record ECG data of a patient having an
episodic cardiac condition for a time period sufficient for
symptoms of the episodic cardiac condition to occur. The
recorded ECG data may be provided to a processing unit
along with other patient data. The processing unit may
generate a three-dimensional (3D) activation map showing
the propagation of electrical signals through the patient’s

Int. Cl. heart. Based on the provided patient data, the processing unit
A61B 5/00 (2006.01) may display an ablation point on the 3D activation map, the
A6IB 5/0452 (2006.01) ablation point being configured to alleviate the episodic
A6IB 34/10 (2006.01) cardiac condition.
CT/MRI Processing unit
108 400
3D Activation Synchronicity Ablation Point
Camera Map | Determination Generator
Generator Unit 324
109 320 322
ECG
Recorder | ' Image
ntegrator
106 326
Real-Time
Imaging Display
Device 330
328




Patent Application Publication

CT/MRI
108

3D
Camera
109

FIG. 1

Oct. 25, 2018

Sheet 1 of 3

US 2018/0303345 A1

Processing unit

ECG
Recorder
106

400
Activation Synchronicity Ablation Point
Map Determination Generator
Generator Unit 324
320 322
image
integrator
326
Real-Time
Device 330
328

200
FIG. 2A




Patent Application Publication  Oct. 25,2018 Sheet 2 of 3 US 2018/0303345 A1

Collect EKG Data

using a portable Collect Collect 3D
ECé repcorder CT/MRI Data Image Data
202 504

200

y
Generate 3D Activation Map of
Patient’s Heart
206

/

Display Cardiac Ablation Point(s)
208

N
Ablate Patient’s Heart At
Determined Optimal Ablation
Point(s)

510

WV

Generate 3D Activation Map and
Determine Synchronicity
212

h 4
Desired Activation and Yes
Synchronization Achieved? > End
214

No

A4

FIG. 2B



Patent Application Publication  Oct. 25,2018 Sheet 3 of 3 US 2018/0303345 A1

FIG. 3B



US 2018/0303345 Al

SYSTEM AND METHOD FOR IMAGING
EPISODIC CARDIAC CONDITIONS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority to
U.S. Provisional Application No. 62/487,562, entitled “Sys-
tem and Method for Imaging Episodic Cardiac Conditions,”
filed on Apr. 20, 2017, the entire contents of which are
incorporated herein by reference.

BACKGROUND

[0002] Some heart defects in the conduction system result
in asynchronous contraction (arrhythmia) of the heart and
are sometimes referred to as conduction disorders. As a
result, the heart does not pump enough blood, which may
ultimately lead to heart failure. Conduction disorders can
have a variety of causes, including age, heart (muscle)
damage, medications and genetics.

[0003] Premature Ventricular Contractions (PVCs) are
abnormal or aberrant heart beats that start somewhere in the
heart ventricles rather than a normal sinus beat that starts
from the upper chambers of the heart. PVCs typically result
in a lower cardiac output heart beat because the ventricles
contract before they have had the chance to completely fill
with blood, which may be symptomatic. PVCs may also
trigger Ventricular Tachycardia (VT or V-Tach).

[0004] Ventricular tachycardia (VT or V-Tach) is a heart
arrhythmia disorder caused by abnormal electrical signals in
the heart ventricles. In VT, the abnormal electrical signals
cause the heart to beat faster than normal, usually more than
100 beats per minute, with the beats starting in the heart
ventricles.

[0005] VT generally occurs in people with underlying
heart abnormalities. VT can sometimes occur in structurally
normal hearts, and in these patients the origin can be in
multiple locations in the heart. One common location is in
the right ventricular outflow tract (RVOT), which is the
route the blood flows from the right ventricle to the lungs.
In other patients, such as those who have had a heart attack,
scarring from the heart attack creates a milieu of intact heart
muscle and a scar that predisposes patients to VT.

[0006] Catheter ablation is a treatment of choice in
patients with VT and/or symptomatic PVCs. The targets for
ablation are locations in the heart where the PVC’s are
occurring or locations where the onset of the VT is occur-
ring. Currently, determining the proper ablation location
may be problematic, because a patient may not exhibit
symptoms during a brief testing session, such as testing of
the patient in the doctor’s office or during a catheterization
procedure.

[0007] The common method of determining the proper
location for ablation (for treating PVC or VT) is to conduct
an electrophysiology (EP) study with internal mapping of
the electrical activity of the heart. This EP study takes
several hours and is only successful if the clinical (i.e.,
symptomatic) PVC or VT occurs and/or can be induced
during the study.

[0008] Ambulatory monitoring (sometimes called Holter
monitoring) is a clinical tool to record electro cardiogram
(ECG) data while a patient is outside of the clinic or hospital
setting. Ambulatory monitoring can be continuous in that the
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recording continues non-stop over a period of time, or can
be episodic in that the recording only occurs when a specific
episode(s) of interest occurs.

SUMMARY

[0009] Various embodiments provide a cardiac imaging
method, including using a portable electrocardiogram
(ECG) recorder to record ECG data of a patient having an
episodic cardiac condition for a time period sufficient for
symptoms of the episodic cardiac condition to occur, and
providing the patient ECG data to a processing unit that
generates a three-dimensional (3D) activation map showing
the propagation of electrical signals through the patient’s
heart. The 3D activation map may then be used by a
processing unit to display an ablation point selected to
alleviate the episodic cardiac condition.

[0010] Invarious embodiments, a cardiac imaging method
may include recording electrocardiogram (ECG) data of a
patient having an episodic cardiac condition using a portable
BCG recorder for a time period sufficient for symptoms of
the episodic cardiac condition to occur, providing patient
data comprising the recorded ECG data to a processing unit,
generating, by the processing unit, a three-dimensional (3D)
activation map showing the propagation of electrical signals
through the patient’s heart based on the provided patient
data, and displaying, by the processing unit, an ablation
point on the 3D activation map, the ablation point being
selected to alleviate the episodic cardiac condition. In some
embodiments, the patient data provided to the processing
unit may further include computed tomography (CT) or
magnetic resonance imaging (MRI) data of the patient’s
heart and 3D image data of the patient’s chest. In some
embodiments, the time period may range from about 12
hours to about 48 hours. In some embodiments, the portable
ECG recorder may include a 12-lead ECG recorder com-
prising 10 electrodes. In some embodiments, displaying the
ablation point may include displaying multiple ablation
points.

[0011] In some embodiments, recording ECG data using
the portable ECG recorder may include receiving patient
inputs on the portable ECG recorder identifying occurrences
of the symptoms of the episodic condition, and recording the
ECG data just prior to and during the patient inputs such that
patient data includes primarily symptomatic ECG data.

[0012] In some embodiments, the ECG data may include
symptomatic ECG data recorded during occurrence of
symptoms of the episodic heart condition and non-symp-
tomatic ECG data recorded at other times, and the method
may further include using the processing unit to analyze the
provided ECG data to identify symptomatic ECG data, and
generating the three-dimensional (3D) activation map may
include generating the 3D activation map based on the
identified symptomatic ECG data and not the non-symptom-
atic ECG data.

[0013] In some embodiments, the ECG data may include
symptomatic ECG data recorded during occurrence of
symptoms of the episodic heart condition and non-symp-
tomatic ECG data, and providing patient data including the
recorded ECG data to the processing unit may include
identifying the symptomatic ECG data, and providing to the
processing unit patient data the symptomatic ECG data and
excluding the non-symptomatic ECG data. In some embodi-
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ments, identifying the symptomatic ECG data may include
analyzing the recorded ECG by the portable ECG recorder
or by a physician.

[0014] In some embodiments, the episodic cardiac condi-
tion may include ventricular tachycardia (VT) or premature
ventricular contraction (PVC). In some embodiments, dis-
playing an ablation point may include displaying a location
on the heart where the PVC occurs, or a location on the heart
where the onset of the VT occurs.

[0015] Some embodiments may further include ablating
the heart at the displayed ablation location. Such embodi-
ments may further include generating an updated 3D acti-
vation map of the heart after the ablating of the heart. Such
embodiments may further include determining, based on the
updated 3D activation map, whether a desired synchromza-
tion of the heart was achieved.

[0016] Further embodiments include a cardiac imaging
system, that includes a portable electrocardiogram (ECG)
recorder configured to record ECG data of a patient having
an episodic cardiac condition for a time period sufficient for
symptoms of the episodic cardiac condition to occur, a
display, and a processing unit coupled to the display that is
configured to receive data from the portable ECG recorder,
and configured with processor-executable instructions to
perform operations of any of the methods summarized
above. Such embodiments may further include

[0017] one or more of a computer tomography device, a
magnetic resonance imaging device, a three-dimensional
(3D) camera, an ECG recorder, a real-time imaging device,
a synchronicity determining unit, and/or a virtual ablation
point generator.

[0018] Further embodiments include a cardiac imaging
system including means for recording ECG data of a patient
having an episodic cardiac condition for a time period
sufficient for symptoms of the episodic cardiac condition to
occur, and means for performing functions of any of the
methods summarized above.

[0019] Further embodiments include a non-transitory, pro-
cessor-readable storage medium having stored thereon pro-
cessor-executable instructions configured to cause a proces-
sor unit to use ECG data of a patient having an episodic
cardiac condition recorded for a time period sufficient for
symptoms of the episodic cardiac condition to perform
operations of any of the methods summarized above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are incorpo-
rated herein and constitute part of this specification, illus-
trate example embodiments of the invention, and together
with the general description given above and the detailed
description given below, serve to explain the features of the
invention.

[0021] FIG. 1 is an example of a three-dimensional model
of a heart.
[0022] FIG. 2A is a schematic diagram of a cardiac

imaging system according to various embodiments.

[0023] FIG. 2B is a process flow diagram of a method of
using the system of FIG. 2A according to various embodi-
ments.

[0024] FIGS. 3A and 3B are plan views of 3D models of
electrical activation of a heart according to various embodi-
ments.
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DETAILED DESCRIPTION

[0025] The various embodiments will be described in
detail with reference to the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
References made to particular examples and implementa-
tions are for illustrative purposes, and are not intended to
limit the scope of the invention or the claims.

[0026] The term electrocardiogram (ECG) is used herein
to refer to any method that (preferably non-invasively)
correlates actual electrical activity of the heart muscle to
measured or derived (electrical activity) of the heart. In case
of a classical electrocardiogram, the differences in potential
between electrodes on the body surface are correlated to the
electrical activity of the heart. Derived ECG’s can also be
obtained in other ways, such as by measurements made by
a so-called ICD (Implantable Cardioverter Defibrillator). In
order to obtain such a functional image, an estimation of the
movement of the electrical activity has to be provided.
[0027] Cardiac dyssynchrony and/or clinical PVC may
have deleterious effects on cardiac function by depressing
left ventricular (V) mechanical performance, while
increasing myocardial oxygen consumption. In addition, LV
remodeling may also occur. Therefore, cardiac dyssyn-
chrony and/or clinical PVC accelerate the progression of
chronic congestive heart failure (CHF) and reduce patient
survival.

[0028] During normal conduction, cardiac activation
begins within both the left ventricular (LV) and right ven-
tricular (RV) endocardium. In particular, electrical impulses
(i.e., depolarization waves) travel substantially simultane-
ously through both the left and right ventricles.

[0029] FIG. 1 shows a three-dimensional (3D) model of a
heart 1 seen in two different directions. The 3D model
includes a mesh 6 representing an outer surface of the heart,
here the myocardial surface. In this example the 3D model
also may include the septal wall. The mesh 6 has a plurality
of nodes 8. In this example, the mesh 6 is a triangular mesh
in which the surface of the heart is approximated by adjoin-
ing triangles.

[0030] FIG. 2A is a block diagram of a cardiac imaging
system 200 according to various embodiments. Referring to
FIG. 2A, the imaging system 200 may include a processing
unit 400, a CT or MRI device 108, a 3D camera 109, and an
BCG recorder 106. The cardiac imaging system 200 may
also include a real-time imaging device 328 and a display
330. The CT/MRI device 108 may be configured to generate
a 3D model of the chest and/or heart of the patient. The 3D
camera 109 may be configured to generate a 3D image of the
patient’s torso. The ECG recorder 106 may be configured to
record ECD data from the patient, which may include
extrinsic and/or intrinsic stimulation signals.

[0031] The processing unit 400 may include an activation
map generator 320 configured to generate a 3D activation
map of the heart of a patient based on patient data received
from the CT/MRI device 108, 3D camera 109, and ECG
recorder 106. The processing unit 400 may also include a
synchronicity determining unit 322 configured to determine
cardiac synchronicity, and a virtual ablation point generator
324 configured to identify ablation points selected to prevent
the propagation of depolarization waves associated with
PVC and/or VT.

[0032] The processing unit 400 may include an image
integrator 326, which may be connected to a real-time
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imaging device 328, such as a fluoroscope, a radiography
device, an X-ray computed tomography (CT) device, or the
like. The image integrator 326 may compare and/or align the
activation map and real-time images provided by the imag-
ing device 328. Based on the comparison and/or alignment,
the ablation point(s) may be added to the real-time images
as virtual ablation point(s) to produce modified real-time
images. The modified real-time images may be provided to
and presented on a display 330.

[0033] In various embodiments, a workstation may be use
that includes the processing unit 400, the display 330, and
wired or wireless connections to other hardware, such as the
CT/MRI device 108, the 3D camera 109, the ECG recorder
106, and/or the real-time imaging device 328. The worksta-
tion may also include an interface for controlling a surgical
device, such as a catheter implantation device or other
robotic surgical device.

[0034] Some patients may experience episodic VT and/or
PVC, in which case the events or symptoms may not occur
while a patient is tested at a hospital, during a catheterization
procedure, or electrophysiology testing facility. To ensure
sufficient ECG data is obtained for patients exhibiting epi-
sodic symptoms of VT and/or PVC, the ECG data may be
recorded using a portable ECG recording device.

[0035] In various embodiments, the ECG recorder 106
may a portable ECG recording device, such as a Holter-type
portable ECG recording device, that is capable of recording
the patient’s ECG data over an extended period of time. For
example, the ECG recorder 106 may be 12-lead ECG
recording device having 10 electrodes. Using a portable
ECG recorder 106, ECG data may be collected over an
extended period of time, which substantially increases the
probability that the ECG data includes data recorded while
symptoms of an episodic cardiac condition manifest. For
example, a portable ECG recorder 106 may be used to
collect ECG data over a time period ranging from about 8 to
about 48 hours, such as from about 12 to about 36 hours, or
about 24 hours. However, the ECG recorder 106 may be
worn by a patient for any amount of time necessary to record
ECG data during onset of a patient’s episodic cardiac
condition. Using a portable ECG recorder 106 to obtain
readings over an extended period time increases the likeli-
hood that the recorded ECG data will include symptomatic
FECG data recorded during an episode of VT and/or PVC.
[0036] In some embodiments, the portable ECG recorder
106 may be configured to record all ECG data from a patient
for a time period ranging from, for example, about 12 to
about 48 hours. As such, the ECG data may include symp-
tomatic and non-symptomatic ECG data. In some embodi-
ments, the ECG recorder 106 may be configured to enable
a patient to indicate when symptoms of an episodic cardiac
condition occur, such as by pressing a button or touch screen
when the patient feels a heart arrhythmia In response to such
a patient indication, the ECG recorder 106 may be config-
ured to identify corresponding symptomatic ECG data. For
example, the ECG recorder 106 may be configured to tag,
time stamp, or otherwise identify the symptomatic ECG
data, so that the symptomatic ECG data may be distin-
guished from the non-symptomatic ECG data.

[0037] In some embodiments, the portable ECG recorder
106 may be used for a time period exceeding the recording
capacity of the portable ECG recorder 106. In such situa-
tions, the portable ECG recorder 106 may be configured to
temporarily record the most recent five or ten minutes of
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BCG data preceding the patient pressing a button or touch
screen upon feeling symptoms, while overwriting older
stored ECG data. If the patient detects symptoms of a
cardiac event, the patient may instruct the ECG recorder 106
to store the relevant ECG data in a protected portion of the
memory of the recording device. This may enable the
portable ECG recorder 106 to record symptomatic ECG data
without overflowing memory. In some embodiments, the
symptomatic ECG data may be stored in a protected loca-
tion, while non-symptomatic ECG data related to normal
cardiac function may be stored in an unprotected location
and periodically overwritten. As such, the memory require-
ments of the portable ECG recorder 106 may be reduced.
[0038] In some embodiments, the portable ECG recorder
106 may be configured to automatically detect a cardiac
event and then store and protect the corresponding symp-
tomatic ECG data. For example, the portable ECG recorder
106 may be configured to compare real-time ECG data to
patterns of normal and/or abnormal ECG data and, based on
the comparison, protect and store symptomatic ECG data
while the real-time ECG data is consistent with an abnormal
heart function. In some embodiments, the portable ECG
recorder 106 may include an abnormal heart function detec-
tion algorithm to identify symptomatic ECG data that cor-
responds to abnormal heart function, such as VT and or
PVC.

[0039] FIG. 2B is a process flow diagram illustrating a
method of determining an ablation location using the system
of FIG. 2A, according to various embodiments. With refer-
ence to FIGS. 2A and 2B, operations of the method may be
performed using components and systems described with
reference to FIG. 2A.

[0040] In operation 500, ECG data may be collected from
a patient having an episodic abnormal cardiac function
condition, such as VT and or PVC, using a portable ECG
recorder 106. In operation 502, CT and/or MRI cardiac data
may be collected from the patient. In operation 504, 3D
image data of the patient’s torso may be collected. Opera-
tions 500, 502, and 504 may occur in any order. Data
recorded in operations 500, 502, and 504 may be collec-
tively referred to herein as patient data. In some embodi-
ments, a portable ECG recorder (e.g., 106) may be config-
ured to output only identified symptomatic ECG data, such
that non-symptomatic ECG data is excluded from the patient
data.

[0041] In operation 506, a processing unit (e.g., 400) may
receive the patient data, including the data collected in
operations 500, 502, and 504, and use the data to generate
a 3D activation map of the heart of the patient. In particular,
the data may be provided to the activation map generator
320 of the processing unit 400. As noted above, the patient
data may include only the symptomatic ECG data (e.g.,
clinical PVC ECG data). In such embodiments, the symp-
tomatic ECG data may be used by the processing unit 400
to generate the activation map. For example, the processing
unit 400 may be provided with only the tagged or otherwise
identified ECG data of a cardiac event for generating the
activation map. In some embodiments, a physician may
review the recorded ECG data and select symptomatic
portions that correspond to a cardiac event for use by the
processing unit 400, when generating the activation map. In
some embodiments, the processing unit 400 may be config-
ured to filter the ECG data to identify symptomatic ECG
data that corresponds to the onset of the episodic cardiac
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condition. For example, the processing unit 400 may be
configured to use only tagged or otherwise identified symp-
tomatic ECG data when generating the activation map. In
some embodiments, the processing unit 400 may be config-
ured to compare the received ECG data to stored ECG data
indicating normal and/or abnormal heart function, to iden-
tify the symptomatic ECG data. In some embodiments, the
processing unit 400 may include an abnormal heart function
detection algorithm to identify the symptomatic ECG data
from the received ECG data. The processing unit 400 may
use only the identified symptomatic ECG data, in addition to
the CT/MRI data and 3D image data, to generate the
activation map in operation 506.

[0042] In operation 508, the processing unit 400 may
identify and display one or more optimal cardiac ablation
points on the activation map. For example, the activation
map may be provided to the synchronicity determining unit
322 to determine cardiac synchronicity. This data may then
be used by the virtual ablation point generator 324 to
identify ablation point(s) corresponding to location(s) in the
heart where the PVC’s are occurring or cardiac locations
where the onset of the VT is occurring. For example, one or
more ablation points may be identified by determining
locations of earliest ventricle activation. Ablation point(s)
may then be added to the activation map and displayed in
operation 508.

[0043] In some embodiments, the activation map and
images generated by the real-time imaging device 328 may
be provided to the image integrator 326. The image inte-
grator 326 may compare and/or align the activation map and
the real-time images. Based on the comparison and/or align-
ment, the ablation point(s) may be added to the real-time
images as virtual ablation point(s) to produce modified
real-time images. The modified real-time images may be
provided to and presented on the display 330 in operation
508.

[0044] In some embodiments, the method may optionally
include additional operations 510, 512, and 514. In opera-
tion 510, the activation map may be used to guide the
positioning of a cardiac catheter to an ablation location
and/or to guide diagnostic electrodes to appropriate loca-
tions on the heart, in real time. The patient’s heart may then
be ablated at the ablation location in operation 510.

[0045] In operation 512, an updated 3D activation map
may be generated showing the results of the ablations
performed in operation 510. For example, the updated
activation map may be generated using ECG data collected
after ablation is performed. Such ECG data may be collected
during the procedure or afterwards, such as using a portable
ECG recorder, such as a Holter-type ECG recorder, as in
operation 500. The updated activation map may then be used
to determine cardiac synchronicity.

[0046] In operation 514, a determination may be made
regarding whether a desired synchronicity has been
obtained. If so, the method may end. If not the processing
unit 400 may return to operation 508 to display further
cardiac ablation points as described. In some embodiments,
this determination may be made by a clinician performing
the procedure. In some embodiments, this determination
may be made by the processing unit 400 and displayed to the
clinician performing the procedure.

[0047] FIG. 3A shows a 3D model 4 illustrating the
electrical activation of a heart 1. Such a 3D model may be
generated by the system illustrated in FIG. 2A. In particular,
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FIG. 3A shows a ventricular surface of the myocardium with
a septal wall 2. In general, the 3D model 4 may include a
mesh 6 representing a ventricular surface of the heart, here
an outer surface of the ventricular myocardium with septal
wall as represented in FIG. 1. In the illustrated example, the
mesh 6 has a plurality of nodes 8.

[0048] In the example illustrated in FIG. 3A, the heart 1 is
stimulated beginning at an earliest activation location 10.
From the earliest activation location 10, the electrical signals
will travel through the heart tissue. Hence, different parts of
the heart will be activated at different times. Each location
on the heart has a particular delay relative to the initial
stimulation. Each node 8 has associated therewith a value
representative of a time delay between stimulation of the
heart 1 at the earliest activation location 10 and activation of
the heart at that respective node 8. In the example illustrated
in FIG. 3A, locations that share the same delay time are
connected by isochrones 12. As used herein, isochrones are
lines drawn on a 3D heart surface model connecting points
on this model at which the activation occurs or arrives at the
same time. The delay time for nodes across the heart surface
in this example is also displayed by differing rendering
shades. The vertical bar indicates the time delay in milli-
seconds associated with the respective shade. It will be
appreciated that the stimulation location 10 can be the
location of intrinsic activation of the heart 1.

[0049] The 3D model 4 may also include further informa-
tion. For example, the 3D model 4 may include cardiac
blood vessels 14 and/or veins on the myocardium. This
information may be added to the 3D model 4 in that nodes
are indicated as being associated with such blood vessel. The
blood vessels 14 may then be identified and optionally
shown in the 3D model 4. Optionally, the processing unit
400 may include a first recognition unit arranged for auto-
matically retrieving information representative of the loca-
tion of such blood vessels from the patient’s 3D anatomical
model of the heart. The processing unit 400 may then
automatically insert this information into the 3D model 4.

[0050] The 3D model 4 may also include information on
scar tissue. Scar tissue locations may be obtained from
delayed enhancement MRI images and added to the 3D
model 4. Scar tissue may be simulated in the 3D model 4 by
reducing the propagation velocity of electrical signals there
through. Scar tissue may also be accounted for by selling the
transition from one node to another to very slow or non-
transitional for the areas in the heart wall where scar tissue
is present. Optionally, the processing unit 400 may include
a second recognition unit arranged for automatically retriev-
ing information representative of the location of such scar
tissue from the patient-specific three-dimensional anatomi-
cal model of the heart. The processing unit 400 may then
automatically insert this information into the 3D model 4.

[0051] FIG. 3B shows the 3D model 4 illustrating simu-
lated electrical activation of the heart 1 after ablation of the
earliest activation location 10. In particular, the processor
400 may be configured to identify the earliest activation
point 10 as an ablation point. The processor 400 may be
configured to calculate changes to the electrical activation
pattern of the heart 1, based on performing an ablation at the
ablation point 10. In addition, the processor 400 may be
configured to identify other ablation points S-, and calculate
changes to the electrical activation pattern based on per-
forming an ablation at such other points.
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[0052] According to various embodiments of the present
disclosure, the imaging systems described herein may be
configured to determine cardiac synchronicity, as disclosed
in U.S. Patent Application No. 2017/0011197, which is
incorporated herein by reference in its entirety.

[0053] The foregoing method descriptions and the process
flow diagrams are provided merely as illustrative examples
and are not intended to require or imply that the operations
of the various embodiments must be performed in the order
presented. As will be appreciated by one of skill in the art the
order of operations in the foregoing embodiments may be
performed in any order. Words such as “thereafter,” “then,”
“next,” etc. are not intended to limit the order of the
operations; these words are used to guide the reader through
the description of the methods. Further, any reference to
claim elements in the singular, for example, using the
articles “a,” “an” or “the” is not to be construed as limiting
the element to the singular.

[0054] The various illustrative logical blocks, modules,
circuits, and algorithm operations described in connection
with the embodiments disclosed herein may be implemented
as electronic hardware, computer software, or combinations
of both. To clearly illustrate this interchangeability of hard-
ware and software, various illustrative components, blocks,
modules, circuits, and operations have been described above
generally in terms of their functionality. Whether such
functionality is implemented as hardware or software
depends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for
each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the claims.

[0055] The hardware used to implement the various illus-
trative logics, logical blocks, modules, and circuits
described in connection with the aspects disclosed herein
may be implemented or performed with a general purpose
processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components, or
any combination thereof designed to perform the functions
described herein. A general-purpose processor may be a
microprocessor, but, in the alternative, the processor may be
any conventional processor, controller, microcontroller, or
state machine. A processor may also be implemented as a
combination of receiver smart objects, e.g., acombination of
a DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP
core, or any other such configuration. Alternatively, some
operations or methods may be performed by circuitry that is
specific to a given function.

[0056] In one or more aspects, the functions described
may be implemented in hardware, software, firmware, or
any combination thereof If implemented in software, the
functions may be stored as one or more instructions or code
on a non-transitory computer-readable storage medium or
non-transitory processor-readable storage medium. The
operations of'a method or algorithm disclosed herein may be
embodied in a processor-executable software module or
processor-executable instructions, which may reside on a
non-transitory computer-readable or processor-readable
storage medium. Non-transitory computer-readable or pro-
cessor-readable storage media may be any storage media
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that may be accessed by a computer or a processor. By way
of example but not limitation, such non-transitory computet-
readable or processor-readable storage media may include
RAM, ROM, EEPROM, FLASH memory, CD-ROM or
other optical disk storage, magnetic disk storage or other
magnetic storage smart objects, or any other medium that
may be used to store desired program code in the form of
instructions or data structures and that may be accessed by
a computer. Disk and disc, as used herein, includes compact
disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk, and Blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data
optically with lasers. Combinations of the above are also
included within the scope of non-transitory computer-read-
able and processor-readable media. Additionally, the opera-
tions of a method or algorithm may reside as one or any
combination or set of codes and/or instructions on a non-
transitory processor-readable storage medium and/or com-
puter-readable storage medium, which may be incorporated
into a computer program product.

[0057] The preceding description of the disclosed embodi-
ments is provided to enable any person skilled in the art to
make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein may be
applied to other embodiments without departing from the
scope of the claims. Thus, the present invention is not
intended to be limited to the aspects and/or embodiments
shown herein but is to be accorded the widest scope con-
sistent with the following claims and the principles and
novel features disclosed herein.

What is claimed is:

1. A cardiac imaging method, comprising:

recording electrocardiogram (ECG) data of a patient

having an episodic cardiac condition using a portable
ECG recorder for a time period sufficient for symptoms
of the episodic cardiac condition to occur;

providing patient data comprising the recorded ECG data

to a processing unit;

generating, by the processing unit, a three-dimensional

(3D) activation map showing a propagation of electri-
cal signals through the patient’s heart based on the
provided patient data; and

displaying, by the processing unit, an ablation point on the

3D activation map, the ablation point being selected to
alleviate the episodic cardiac condition.

2. The method of claim 1, wherein the patient data
provided to the processing unit further comprises computed
tomography (CT) or magnetic resonance imaging (MRI)
data of the patient’s heart and 3D image data of the patient’s
chest.

3. The method of claim 1, wherein the time period ranges
from about 12 hours to about 48 hours.

4. The method of claim 1, wherein the portable ECG
recorder comprises a 12-lead ECG recorder comprising 10
electrodes.

5. The method of claim 1, wherein recording ECG data
using the portable ECG recorder comprises:

receiving patient inputs on the portable ECG recorder

identifying occurrences of the symptoms of the epi-
sodic condition; and

recording the ECG data just prior to and during the patient

inputs such that patient data includes primarily symp-
tomatic ECG data.
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6. The method of claim 1, wherein:

the ECG data comprises symptomatic ECG data recorded
during occurrence of symptoms of the episodic heart
condition, and non-symptomatic ECG data recorded at
other times;

the method further comprises using the processing unit to
analyze the provided ECG data to identify symptomatic
ECG data; and

generating the 3D activation map comprises generating
the 3D activation map based on the identified symp-
tomatic ECG data and not the non-symptomatic ECG
data.

7. The method of claim 1, wherein:

the ECG data comprises symptomatic ECG data recorded
during occurrence of symptoms of the episodic heart
condition and non-symptomatic ECG data; and

providing patient data comprising the recorded ECG data
to the processing unit comprises identifying the symp-
tomatic ECG data, and providing to the processing unit
patient data the symptomatic ECG data and excluding
the non-symptomatic ECG data.

8. The method of claim 7, wherein identifying the symp-
tomatic ECG data comprises analyzing the recorded ECG by
the portable ECG recorder or by a physician.

9. The method of claim 1, wherein the episodic cardiac
condition comprises ventricular tachycardia (VT) or prema-
ture ventricular contraction (PVC).

10. The method of claim 9. wherein displaying the abla-
tion point comprises displaying a location on the heart where
the PVC occurs, or a location on the heart where the onset
of the VT occurs.

11. The method of claim 1, further comprising ablating the
heart at the displayed ablation location.

12. The method of claim 11, further comprising generat-
ing an updated 3D activation map of the heart after ablating
the heart.

13. The method of claim 12, further comprising deter-
mining, based on the updated 3D activation map, whether a
desired synchronization of the heart was achieved.

14. The method of claim 1. wherein displaying the abla-
tion point comprises displaying multiple ablation points.

15. A cardiac imaging system, comprising:

a portable electrocardiogram (ECG) recorder configured
to record ECG data of a patient having an episodic
cardiac condition for a time period sufficient for symp-
toms of the episodic cardiac condition to occur;

a display; and
a processing unit coupled to the display, configured to

receive data from the portable ECG recorder, and
configured with processor-executable instructions to
perform operations comprising:

receiving patient data comprising ECG data recorded by
the ECG recorder;

generating a three-dimensional (3D) activation map
showing a propagation of electrical signals through the
patient’s heart based on the provided patient data;

using the 3D activation map to select one or more ablation
points to alleviate the episodic cardiac condition; and

displaying on the display the selected one or more abla-
tion points on the 3D activation map.

16. The imaging system of claim 15, further comprising

one or more of:

a computer tomography device;

a magnetic resonance imaging device;
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a three-dimensional (3D) camera;

an ECG recorder;

a real-time imaging device;

a synchronicity determining unit; and

virtual ablation point generator.

17. The cardiac imaging system of claim 15, wherein the
portable ECG recorder comprises a 12-lead ECG recorder
comprising 10 electrodes.

18. The cardiac imaging system of claim 15, wherein the
portable ECG recorder is further configured to:

receive patient inputs identifying occurrences of the

symptoms of the episodic condition; and

record the ECG data just prior to and during the patient

inputs such that the patient data includes primarily
symptomatic ECG data.
19. The cardiac imaging system of claim 15, wherein:
the ECG data recorded by the portable ECG recorder
comprises symptomatic ECG data recorded during
occurrence of symptoms of the episodic heart condi-
tion, and non-symptomatic ECG data recorded at other
times;
the processing unit is further configured with processor-
executable instructions to perform operations compris-
ing using the processing unit to analyze the provided
ECG data to identify symptomatic ECG data; and

the processing unit is further configured with processor-
executable instructions to perform operations such that
generating the 3D activation map comprises generating
the 3D activation map based on the identified symp-
tomatic ECG data and not the non-symptomatic ECG
data.
20. The cardiac imaging system of claim 15, wherein the
processing unit is further configured with processor-execut-
able instructions to perform operations such that displaying
the ablation point comprises displaying a location on the
heart where premature ventricular contraction (PVC) occurs
or a location on the heart where the onset of ventricular
tachycardia (VT) occurs.
21. The cardiac imaging system of claim 15, the process-
ing unit is further configured with processor-executable
instructions to perform operations further comprising:
generating an updated 3D activation map of the heart after
an ablation of the ablation point is performed; and

determining, based on the updated 3D activation map,
whether a desired synchronization of the heart was
achieved.

22. A cardiac imaging system, comprising:

means for recording electrocardiogram (ECG) data of a

patient having an episodic cardiac condition for a time
period sufficient for symptoms of the episodic cardiac
condition to occur; and

means for receiving patient data comprising ECG data

recorded by the ECG recorder;

means for generating a three-dimensional (3D) activation

map showing a propagation of electrical signals
through the patient’s heart based on the provided
patient data;

means for using the 3D activation map to select one or

more ablation points to alleviate the episodic cardiac
condition; and

means for displaying the selected one or more ablation

points on the 3D activation map.

23. A non-transitory, processor-readable storage medium
having stored thereon processor-executable instructions
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configured to cause a processor unit of a cardiac imaging
system to perform operations comprising:
receiving patient data comprising electrocardiogram
(ECG) data recorded by a ECG recorder for a time
period sufficient for symptoms of the episodic cardiac
condition to occur in a patient’s heart;
generating a three-dimensional (3D) activation map
showing a propagation of electrical signals through the
patient’s heart based on the provided patient data;
using the 3D activation map to select one or more ablation
points to alleviate the episodic cardiac condition; and
displaying on the display the selected one or more abla-
tion points on the 3D activation map.

® 0% % % %
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