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(57) A method of determining target heart ablation
regions is provided which includes detecting electro-car-
diogram (ECG) signals each indicating an electrical ac-
tivity of a heart over time and determining, for each of
the ECG signals, local activation times (LATSs) each in-
dicating a time of electrical activation for an area the
heart. The method also includes generating, based on
the LATSs, electrical activity mapping information for dis-
playing one or more maps representing the electrical ac-

tivity of the heart and alternatively, or in addition to the
electrical activity mapping information, generating spa-
tio-temporal mapping information for one or more maps
representing a spatio-temporal manifestation of the con-
ditions indicative of cardiac arrhythmia, such as atrial fi-
brillation (AF). The method further includes determining
a region of interest (ROI) of the heart by identifying the
ROl as aregion exhibiting conditions indicative of cardiac
arrhythmia based on the mapping information.
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Description
CROSS REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 62/278,676 filed on January 14,
2016, which is incorporated by reference as if fully set
forth. This application incorporates by reference as if fully
set forth Attorney Docket Nos. JNJ-BIO5643USNP titled
"Region of Interest Focal Source Detection Using Com-
parisons of R-S Wave Magnitudes and LATs of RS Com-
plexes," JNJ-BIO5643USNP1 titled "Region of Interest
Rotational Activity Pattern Detection," JNJ-
BIO5643USNP2 titled "Identification of Fractionated Sig-
nals," JNJ-BIO5643USNP4 titled "Non-Overlapping
Loop-Type Or Spline-Type Catheter To Determine Acti-
vation Source Direction And Activation Source Type,"
and JNJ-BIO5643USNPS5 titled "Region of Interest Focal
Source Detection," all filed on the same date as the
present application.

FIELD OF INVENTION

[0002] The present invention relates to systems and
methods for determining regions of interest to be ablated
for treatment of cardiac arrhythmia, such as atrial fibril-
lation, and, more particularly, to systems and methods
for determining atrial fibrillation regions of interest to be
ablated using maps representing detected electrical ac-
tivity of the heart and maps representing spatio-temporal
manifestations of the conditions indicative of the electri-
cal activity of the heart.

BACKGROUND

[0003] Cardiac arrhythmia includes different types of
abnormal or irregular heart rhythms, such as, for exam-
ple, atrial fibrillation (AF), which is characterized by rapid
and irregular beating. Under normal heart conditions, a
heartbeat is produced by electrical pulses (i.e., signals)
which originate in the upper chambers

[0004] (i.e., atria) of the heart and pass through the
atria through the atrioventricular (AV) node to a pair of
lower chambers (i.e., ventricles) of the heart. As the sig-
nals pass through the atria, the atria contract and pump
blood from the atria into the ventricles. As the signals
pass through the AV node to the ventricles, the ventricles
are caused to contract, pumping out blood from the heart
to the body. During conditions of AF, however, the signals
in the atria become chaotic and cause the heart to beat
irregularly.

[0005] AF can negatively affect the physical, psycho-
logical and emotional quality of a person’s life. AF can
progressively increase in severity and frequency and, if
left untreated, may lead to chronic fatigue, congestive
heart failure or stroke. One type of AF treatment includes
prescribed medications, such as rhythm control medica-
tions and medications used to manage the increased risk
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of stroke. These medications must be taken daily and
indefinitely. Another type of AF treatment includes car-
dioversion, which attempts to restore a normal heart
rhythm by providing electric shocks to the heart through
electrodes placed on the chest. In some persistent types
of AF, cardioversion is either ineffective or cannot be at-
tempted.

[0006] Recentapproaches for treating AF include min-
imally invasive ablation procedures (e.g., catheter abla-
tion) in which the heart tissue is ablated to terminate elec-
trical pathways and block faulty electrical impulses that
can cause heart rhythm disorders.

SUMMARY

[0007] A method of determining target heart ablation
regions is provided which includes detecting, via a plu-
rality of sensors, electro-cardiogram (ECG) signals. Each
ECG signal is detected via one of the plurality of sensors
and indicates electrical activity of a heart over time. The
method also includes determining, for each of the plural-
ity of ECG signals, a plurality of local activation times
(LATSs) occurring over time. Each LAT indicates a time
of electrical activation for an area the heart. The method
furtherincludes generating, based on the determined plu-
rality of LATs of each of the plurality of ECG signals,
mapping information for one or more maps representing
the electrical activity of the heartand determining aregion
of interest (ROI) of the heart by identifying the ROl as a
region of the heart exhibiting conditions indicative of car-
diac arrhythmia based on the generated mapping infor-
mation for the one or more maps representing the elec-
trical activity of the heart.

[0008] A system for determining target heart ablation
regions is provided which includes a plurality of sensors
each configured to detect one of a plurality of electro-
cardiogram (ECG) signals each indicating electrical ac-
tivity of a heart over time. The system also includes a
processing device which includes one or more proces-
sors configured to determine, for each of the plurality of
ECG signals, a plurality of local activation times (LATS)
occurring over time. Each LAT indicates a time of elec-
trical activation for an area the heart. The one or more
processors are further configured to generate, based on
the determined plurality of LATs of each of the plurality
of ECG signals, mapping information for one or more
maps representing the electrical activity of the heart and
determine a region of interest (ROI) of the heart by iden-
tifying the ROI as a region of the heart exhibiting condi-
tions indicative of cardiac arrhythmia based on the gen-
erated mapping information for the one or more maps
representing the electrical activity of the heart.

[0009] A non-transitory computer readable medium is
provided which includes instructions for causing a com-
puter to execute a method of determining target heart
ablation regions. The instructions include detecting, via
a plurality of sensors, electro-cardiogram (ECG) signals.
Each ECG signal is detected via one of the plurality of
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sensors and indicates electrical activity of the heart over
time. The instructions also include determining, for each
of the plurality of ECG signals, a plurality of local activa-
tiontimes (LATs) occurring over time. Each LAT indicates
a time of electrical activation for an area the heart. The
instructions further include generating, based on the de-
termined plurality of LATs of each of the plurality of ECG
signals, mapping information for one or more maps rep-
resenting the electrical activity of the heart and determin-
ing a region of interest (ROI) of the heart by identifying
the ROI as a region of the heart exhibiting conditions
indicative of cardiac arrhythmia based on the generated
mapping information for the one or more maps repre-
senting the electrical activity of the heart.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more detailed understanding can be had from
the following description, given by way of example in con-
junction with the accompanying drawings wherein:

FIG. 1 is a block diagram illustrating an exemplary
classification of AF used with embodiments dis-
closed herein;

FIG. 2 is a block diagram illustrating an exemplary
system used to determine potential ablation ROIs
for use with embodiments disclosed herein; and
FIGS. 3A and 3B are portions of a flow diagram il-
lustrating an exemplary method of determining a po-
tential ablation ROI for use with embodiments dis-
closed herein.

DETAILED DESCRIPTION

[0011] Conventional methods and systems used for
catheter ablation typically include inserting the catheter
through an incision in the skin and guided up to the heart.
Before ablation is performed, intra-cardiac electrocardi-
ogram (IC ECG) signals of the heart are acquired via
electrodes placed at different areas of the heart. The sig-
nals are monitored and used to provide information to
determine whether one or more areas of the heart are
causing the irregular heart rhythm. The conventional
methods and systems used to determine these areas to
be ablated, however, are time consuming (e.g., several
hours) and rely on medical personnel with specific ex-
pertise and experience (typically requiring many hours
of training).

[0012] Embodiments disclosed herein employ sys-
tems, apparatuses and methods of determining potential
regions of interest (ROIs) to be targeted for ablation. Var-
ious mapping techniques are utilized to generate map-
ping information for one or more maps of the electro-
physical conditions of the AF substrate and mapping in-
formation for one or more maps representing a spatio-
temporal manifestation of the AF process to provide ef-
ficient and accurate determination of potential or target
ablation ROIs. Mapping techniques utilize various pa-
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rameters (e.g., cycle, earliness, R-S complex, conduc-
tion velocity (CV), block and fractionation) of acquired IC
ECG signals and detected local activation times (LATS)
to identify potential evidence of drivers and perpetuators
of the AF substrate. Identification of the evidence of po-
tential drivers and perpetuators is used to provide map-
ping (e.g., driver maps and perpetuator maps) of the AF
substrate. Mapping techniques also include utilizing the
various parameters of the acquired IC ECG signals and
detected local activation times to generate mapping in-
formation for providing maps (e.g., activation/wave
maps, CV maps, fractionation maps, voltage maps and
block maps) which potentially represents the spatio-tem-
poral manifestation of the AF process. The mapping of
the spatio-temporal manifestation of the AF process can
be used in addition to, or alternative to, the mapping of
the AF substrate to identify potential ablation ROIs. The
mapping techniques are used to potentially reduce AF
map analysis training time, increase success rates re-
sulting from ablation and facilitate efficient interpretation
of AF maps. For simplification purposes, embodiments
described herein refer to systems and methods used for
the treatment of AF. It is noted however, embodiments
may be used for the treatment of any type of cardiac
arrhythmia including different types of abnormal or irreg-
ular heart rhythms.

[0013] FIG. 1 is a block diagram illustrating an exem-
plary classification of AF used with embodiments dis-
closed herein. The exemplary classification in FIG. 1 dis-
tinguishes between critical and non-critical AF as well as
between drivers and perpetuators of AF and their relative
spatio-temporal patterns.

[0014] For example, as shown in FIG. 1, an irregular
heart rhythm characterized as AF 102 is classified as
critical 104 or non-critical 106. Examples of non-critical
AF 106 include paroxysmal (i.e., intermittent) irregular
heart rhythm episodes in which the heartbeat often nor-
malizes as quickly as within a few seconds or after a few
hours, and persistent irregular heart rhythm episodes in
which a normal heart may be restored by rhythm medical
therapy or a procedure (e.g., cardioversion). Examples
of critical AF 104 include longstanding persistentirregular
heart rhythm episodes that continue for longer periods
of time (e.g., more than a year) in which the heartis in a
constant state of AF and the condition is considered per-
manent.

[0015] Critical AF can be classified according to char-
acteristics (e.g., areas of activation) that can be derived
from IC ECG signals. Areas of activation may be identi-
fied as potential contributing factors to AF. As shown in
FIG. 1, critical AF is classified according to different areas
of activation, including a potential driver of AF (hereinaf-
ter "driver") or potential source of AF (hereinafter
"source") 108 and a potential perpetuator 110 of AF
(hereinafter "perpetuator"). A driver 108 is an area of ac-
tivation (e.g., inthe atria) where electrical pulses originate
to stimulate the heart to contract and which can poten-
tially contribute to AF, for example, by producing fibrilla-
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tory conduction to other areas of the atria. A perpetuator
110 is an area of sustained activation (e.g., electrophys-
iological process/substrate) which can also potentially
contribute to AF.

[0016] Drivers 108 and perpetuators 110 may be rep-
resented (e.g., mapped) according to their spatio-tem-
poral manifestation. As shown in FIG. 1, drivers 108 and
perpetuators 110 are classified by exemplary spatio-tem-
poral manifestation types, including focal sources (foci)
112 and localized rotational activation (LRA) sources or
rotational activation patterns (RAPs) sources 114. Afocal
source is a type of driver originating at a small area of
the atria which spreads centrifugally from a single point.
ARAP 114 sourceis anirregular region of the heartwhere
the electrical pulses rotate at least 360 degrees about a
center area.

[0017] FIG. 1 also shows different types of perpetua-
tors 110, including one type which exhibits organized
conduction delay 116 and another which exhibits disor-
ganized conduction delay 118. Another type of perpetu-
ator 110 shown in FIG. 1 includes atrial flutter (AFL) 120,
characterized by organized conduction delay 116 as well
as localized irregular activation (LIA) 122, linear gaps
124 and pivots 126 (i.e., electrical pulses that rotate less
than 360 degrees about a center area), characterized by
disorganized conduction delay 118. Also, the RAP
source 114 is shown as both a driver 108 and a perpet-
uator 110. Drivers 108 and perpetuators 110 are, for ex-
ample, separately mapped to facilitate identification of
driver types and/or perpetuator types and provide effi-
cient and accurate determination of potential ablation
ROls.

[0018] Mapping and identification of drivers 108 and
perpetuators 110 can also be based on one or more ad-
ditional factors which may potentially contribute to AF or
parameters which may potentially characterize the AF
substrate (i.e., the AF process itself) and/or the manifes-
tation of the AF process. For example, AF parameters or
AF factors used to identify potential focal sources 108
include omnidirectional activation spread of activation
from a point, earliness (e.g., focal source which starts
after an excitable gap), triggers such as fast firing (e.g.,
short cycle-length and high dominant frequency) foci and
breakthroughs (e.g., pulmonary veins (PV), free wall and
transmural, endocardial and epicardial) and micro re-en-
try circuit which manifests as focal source and short-ra-
dius re-entry circuits which can manifest as a driver 108
depending on the specific anisotropic structure of the
central obstacle.

[0019] AF parameters or AF factors used to map and
identify RAP sources 114 include, for example, repetitive
cycles, rotors which can manifest as a driver source 108,
structural or functional anisotropy (e.g., localized or dis-
tributed), and short-radius re-entry circuits which can
manifest as either a driver 108 or a perpetuator 110, de-
pending on specific anisotropic structure of the central
obstacle.

[0020] AF parameters or AF factors used to map and
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identify perpetuators 110 include, for example, extension
(increased) path length, anatomical (pathological) block
lines, fibrosis, stable functional block lines (e.g., areas of
prolonged refractoriness), criticality (e.g., shortest path
around block line > path length) and fibrillatory conduc-
tion factors (e.g., dissociated waves, re-entry circuit fac-
tors).

[0021] FIG. 2 is a block diagram illustrating an exem-
plary system 200 used to determine AF ROls for ablation
for use with embodiments disclosed herein. As shown in
FIG. 2, the system 200 includes a catheter 202, a
processing device 204 and a display device 206. Cath-
eter 202 includes an array of catheter sensors (e.g., elec-
trodes) each configured to detect electrical activity (elec-
trical signals) of an area of the heart over time. When an
IC ECG is performed, each electrode detects the electri-
cal activity of an area of the heart in contact with the
electrode. The system 200 also includes extra-cardiac
sensors 210 (e.g., electrodes on the skin of a patient)
configured to detect electrical activity of the heart via de-
tection of electrical changes on the skin due to the electro-
physiologic pattern of the heart.

[0022] The detected IC ECG signals and the detected
extra-cardiac signals are processed (e.g., recorded over
time, filtered, fractionated, mapped, combined, interpo-
lated, etc.) by processing device 204 and displayed on
display device 206.

[0023] Embodiments may include any number of sen-
sors 210 used to detect ECG signals, including sensors
used to detect IC ECG signals and extra-cardiac ECG
signals. For simplification purposes, systems and meth-
ods described herein refer to the detection and use of IC
ECGsignals. ltis noted, however, thatembodiments may
utilize IC ECG signals or extra-cardiac ECG signals or a
combination of both IC ECG signals and extra-cardiac
ECG signals.

[0024] Processingdevice 204 may include one or more
processors each configured to process the ECG signals.
Each processor of processing device 204 may be con-
figured to record ECG signals over time, filter ECG sig-
nals, fractionate ECG signals into signal components
(e.g., slopes, waves, complexes), map ECG signals,
combine ECG signal information, map and interpolate
mapping information, etc.

[0025] Display device 206 may include one or more
displays each configured to display ECG signals, ECG
signal information, maps of the AF process and maps
representing a spatio-temporal manifestation of the AF
process.

[0026] The catheter sensors 208 and the extra cardiac
sensors 210 may be in wired or wireless communication
with processing device 204. Display device 206 may also
be in wired or wireless communication with processing
device 204.

[0027] FIGS. 3A and 3B are portions of a flow diagram
illustrating an exemplary method 300 of determining a
potential ablation ROI. The method 300 employs a map-
ping taxonomy which includes, from its core moving out-
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ward, an IC ECG layer, a pre-processing layer, a LAT
detection layer, a map segmentation layer, a map inter-
polation layer and a map interpretation layer.

[0028] FIG. 3A llustrates a portion of exemplary meth-
od 300. As shown in block 302 of FIG. 3A, the method
300 includes, as part of the IC ECG layer, acquiring an
IC ECG signal which represents electrical activity of an
area of the heart. The IC ECG signal acquired at block
302 is, for example, acquired from one of a number of
electrodes in contact with different areas of the heart.
After acquisition of the IC ECG (302), the method 300
includes, as part of the pre-processing layer, pre-
processing of the acquired ECG signal, as shown in block
302 of FIG. 3A, The pre-processing may include execu-
tion of one or more algorithms, such as for example, can-
cellation of ventricular far field signals, baseline correc-
tion, and noise reduction. Ventricular far field detection
may include, for example, a spatial averaging method
(SAM), a temporal averaging method (TAM), a system
identification method (SIM) and principal component
analysis (PCA).

[0029] For each IC ECG signal acquired at block 302,
one or more LATs of the corresponding pre-processed
IC ECG signal is (are) detected at block 304. The LAT
quality (shown as LATQ in FIG. 3A) of each signal is
determined at block 306 as part of an exemplary LAT
detection layer. The AF complexity (shown as CPLX in
FIG. 3A) of the signal is determined at block 308.
[0030] Asshown atdecision point310, the method 300
includes determining whether to reposition the catheter
based on the LAT quality of the signal and the AF com-
plexity. A typical characteristic of high quality IC ECGs
is little base line wander (e.g., low baseline vs. IC ECG
RMS amplitude, limited ventricular far-field potentials vs.
IC ECG RMS amplitude). IC ECG signals characteristics
include discernable atrial complexes (e.g., confined
(~50ms) complexes separated by isoelectric segments
repeating slopes, 50-200ms interval; about 150ms me-
dian) during AF. High quality complexes characteristic
typically have considerable amplitudes and steep down-
ward slopes (vs. upward slopes) within complexes. Char-
acteristics of the IC ECG signals may be combined into
a single measurable characteristic or parameter (e.g.,
having a measurable value of 0%-100%) to define LAT
quality. The LAT quality may be compared to the AF com-
plexity to determine whether to reposition the catheter.
[0031] In some embodiments, quality is defined by an
ability to map AF for a level of AF complexity. Determining
whether to reposition the catheter may include generat-
ing a map and determining whether the generated map
can be used (e.g., is adequate) to map AF based on
whether alevel of coverage of amapping electrode meets
(e.g., matches) a level of AF complexity. The ability to
map AF for a level of AF complexity may include meeting
a map threshold level (e.g., adequate level, trustworthy
level). A single parameter (i.e., mapping coverage) is
used to define a level of coverage of the mapping elec-
trode. Examples of characteristics that are combined to
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define the mapping coverage include: (1) contact of the
mapping electrode (e.g., contact with active tissue (wall)
related to covered area and LAT accuracy); (2) resolution
ofthe electrodes (e.g., distances and electrode sensitivity
radii between electrodes, including mean, minimum and
maximum and distances); and (3) quality of the IC ECG
and associated annotations provided by a detection al-
gorithm.

[0032] AF complexity may include complexity of acti-
vation during AF creating wave dissociation (block lines),
fusion and wave curvature. Accordingly, a map may be
determined as a map which canbe used (e.g., trustworthy
or adequate) to map AF when, given a certain level of
AF complexity (e.g., measured along y-axis), the map-
ping coverage (including signal and annotation quality
measured along x-axis) is sufficient to map the AF com-
plexity. If not, the trustworthiness of the map may become
compromised or inadequate.

[0033] Signals may then be analyzed using the trust-
worthy or adequate maps to determine whether the cath-
eter should be repositioned. If it is determined at decision
point 310 to reposition the catheter, the catheter (e.g.,
catheter 202) is repositioned at block 312 and a new IC
ECG signal is acquired at block 302. If it is determined
at decision point 310 that the catheter should be reposi-
tioned, the method 300 continues to "point A" 313 (shown
in FIG. 3A and FIG. 3B).

[0034] FIG. 3A illustrates the acquiring of a single IC
ECG signal for simplification purposes. In practice, how-
ever, multiple signals are acquired for each of the plurality
of electrodes contacting the heart. Each IC ECG signal
acquired at block 202 and the one or more LATs detected
for each signal at block 204 are received at "point A" 313.
[0035] Figure 3B illustrates exemplary methods which
may be used to determine potential ablation ROls. As
shown FIG. 3B, each acquired IC ECG signal and the
one or more detected LATSs for each signal are used to
generate maps of the AF process that includes the elec-
tro-physical conditions of the AF substrate (indicated as
the AF Substrate 314 in FIG. 3B) and maps representing
a spatio-temporal manifestation of the AF process (indi-
cated as the AF Process 316 in FIG. 3B) as part of an
exemplary map segmentation layer.

[0036] For example, with regard to the AF Substrate
314 shown in FIG. 3B, the one or more detected LATs
are used to independently determine one or more factors
or parameters which may contribute to AF. The left side
of FIG. 3B illustrates methods which characterize the AF
substrate by collecting information over a predefined win-
dow of time while assessing a mean interval (e.g., cycle)
based on a difference of subsequent LATs 318, first ac-
tivated (earliness) 324, and morphological aspects of the
IC ECG including RS-ratio 320 and fractionation 322
(e.g., fractionated electrograms). For example, the de-
tected LATSs are used to independently determine cycle
information (e.g., cycle lengths) at block 318 and earli-
ness information (e.g., earliest activation times, early
drivers which start after an excitable gap) at block 324.
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Each IC ECG signal is also used to independently deter-
mine R-S complex information (e.g., ratio of R wave to
S wave) at block 320 and information obtained by frac-
tionation (e.g., slope information, information indicating
anincidence of source behavior presented as the earliest
activation from one of a plurality of electrodes, such as
showing a percentage that the associated electrode was
activated earlier than neighbouring electrodes) of the IC
ECG signals at block 322 and CV Block information (e.g.,
information indicating slowed or blocked conduction (i.e.,
progression) of electrical impulses through the heart,
such as the conduction time (CT) for the electrical pulse
to travel a distance in the heart, the path length (i.e., the
distance) and the CV of the electrical pulse) at block 326.
[0037] As shown, a driver map 328 is generated from
the cycle information 318, the earliness information 324
and the R-S complex information 320. A perpetuator map
330 is generated from the CV Block information 326 and
the fractionation information 322. As shown, the informa-
tion used to generate the driver map 328 and the infor-
mation used to generate the perpetuator map 330 are
combined (e.g., a single map, overlaid maps or adjacent
maps in one display area) to generate a combined driv-
er/perpetuator map 334. The combined driver/perpetua-
tor map 334 may then be used (e.g., interpolated as part
of an exemplary map interpolation layer) to determine
one or more ablation ROIs 350.

[0038] With regard to the AF Process 316 shown in
FIG. 3B, the one or more detected LATs are used to
independently generate activation/wave maps 336, CV
maps 338 (e.g., maps generated from the CT, the path
length and/or the CV of the electrical pulse) and block
maps 344 (e.g., maps generated from information indi-
cating a block in the conduction of the signal).

[0039] Activation/wave maps may, for example, in-
clude a map representing an incidence of source behav-
ior presenting the earliest activation of one of a plurality
of electrodes restricted by the same wave, such as indi-
cating a percentage of activation waves detected by a
corresponding electrode activated earlier than neighbor-
ing electrodes though restricted by neighbors activated
by the same wave. Activation Wave maps may, for ex-
ample, also include a map representing the incidence of
electrode positions associated with a fibrillation wave
start.

[0040] Each IC ECG signal is used to independently
generate voltage maps 342 and fraction maps 340. The
information used to generate maps 336-344 is combined
to provide combined maps or video 346. In some em-
bodiments, the information used to generate the activa-
tion/wave maps 336 and Voltage maps 342 is combined
to generate a combined activation/wave/voltage map or
video and the information used to generate the CV maps
338, the block maps 344 and the fraction maps 340 are
combinedto generate a combined CV/block/fraction map
or video. The combined maps/video 346 are analyzed
(e.g., interpreted by medical personnel as part of an ex-
emplary map interpretation layer) at block 348 to deter-
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mine ROIs to be ablated at block 350. The combined
maps/video 346 represent a spatio-temporal manifesta-
tion of the AF process which can be easily visualized and
interpreted, facilitating an efficient and accurate process
for determination of ROIs for ablation. Determined ROls
may be represented (e.g., displayed), for example, by
color, by 3-D contour on a 4-D map, by icons (e.g., dy-
namically changing icons), etc.

[0041] Insome embodiments, both the combined driv-
er/perpetuator map 334 and the combined maps/video
346 are used to determine ROlIs for ablation at block 350.
In some embodiments either the combined driver/perpet-
uator map 334 or the combined maps/video 346 are used
to determine ROIs for ablation at block 350. For example,
the combined driver/perpetuator map 334 can be used
to determine ROls for ablation at block 350 without using
(e.g., viewing, analyzing) the combined maps/video 346.
[0042] In some embodiments, the quality map 332 is
also used in combination with the combined driver/per-
petuator map 334 and/or the combined maps/video 346
to determine ROls for ablation at block 350. The quality
map 332 is used to determine the trustworthiness of the
generated maps (e.g., driver map 328, perpetuator map
330 and driver/perpetuator map 334) related to AF sub-
strate 314 and the generated maps (e.g., activation/wave
maps 336, CV maps 338, fraction maps 340, voltage
maps 342 and block maps 344) related to the AF process
316 parameters. If the quality of the quality map is low,
the generated maps are less trusted and appointing an
ablation ROI (350) must be regarded with an increase
level of care (e.g., by a physician) compared to when the
quality map indicates high quality signals (IC ECGs) as
the basis for the generated maps.

[0043] In some embodiments, determining ROls for
ablation at block 350 includes appointing or selecting one
or more ablation sites for use in determining one or more
ROIs for ablation. For example, ablation sites may be
appointed or selected from driver evidence and perpet-
uator evidence (e.g., determined from the driver map
328, the perpetuator map 330 or the combined driver/per-
petuator map 334) and ROIs may be determined based
on the appointed sites.

[0044] The maps and mapping techniques disclosed
herein potentially: (i) reduce AF map analysis training
time; (ii) reduce time to determine ROlIs for ablation; (iii)
facilitate efficient interpretation of AF maps; and (iv) in-
crease ablation success rates for ablation aimed at iso-
lation and extinguishing of drivers, path lengthening,
slowing of re-entry circuits, fibrillatory conduction and
fractionated potentials.

[0045] It should be understood that many variations
are possible based on the disclosure herein. Although
features and elements are described above in particular
combinations, each feature or element can be used alone
without the other features and elements or in various
combinations with or without other features and ele-
ments.

[0046] Documents incorporated by reference in the
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present patent application are to be considered an inte-
gral part of the application except that to the extent any
terms are defined in these incorporated documents in a
manner that conflicts with the definitions made explicitly
or implicitly in the present specification, only the defini-
tions in the present specification should be considered.
[0047] The methods provided include implementation
in a general purpose computer, a processor, or a proc-
essor core. Suitable processors include, by way of ex-
ample, a general purpose processor, a special purpose
processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one or
more microprocessors in association with a DSP core, a
controller, a microcontroller, Application Specific Inte-
grated Circuits (ASICs), Field Programmable Gate Ar-
rays (FPGASs) circuits, any other type of integrated circuit
(IC), and/or a state machine. Such processors can be
manufactured by configuring a manufacturing process
using the results of processed hardware description lan-
guage (HDL) instructions and other intermediary data in-
cluding netlists (suchinstructions capable of being stored
on a computer readable media). The results of such
processing can be maskworks that are then used in a
semiconductor manufacturing process to manufacture a
processor which implements methods described herein.
[0048] The methods or flow charts provided herein can
be implemented in a computer program, software, or
firmware incorporated in a non-transitory computer-read-
able 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 mem-
ory, semiconductor memory devices, magnetic media
such as internal hard disks and removable disks, mag-
netooptical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs).

Claims

1. A method of determining target heart ablation re-
gions, the method comprising:

detecting, via a plurality of sensors, a plurality
of electro-cardiogram (ECG) signals, each ECG
signal being detected via one of the plurality of
sensors and indicating electrical activity of a
heart over time;

determining, for each of the plurality of ECG sig-
nals, a plurality of local activation times (LATs)
occurring over time, each LAT indicating a time
of electrical activation for an area the heart;
generating, based on the determined plurality of
LATs of each of the plurality of ECG signals,
mapping information for one or more maps rep-
resenting the electrical activity of the heart; and
determining a region of interest (ROI) of the
heart by identifying the ROI as a region of the
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heart exhibiting conditions indicative of cardiac
arrhythmia based on the generated mapping in-
formation for the one or more maps representing
the electrical activity of the heart.

2. The method of claim 1, further comprising:

generating, based on the determined plurality of
LATSs for each of the plurality of ECG signals,
mapping information for one or more maps rep-
resenting a spatio-temporal manifestation of the
conditions indicative of cardiac arrhythmia;
determining the ROI of the heart based on the
mapping information for the one or more maps
representing the spatio-temporal manifestation
of the conditions indicative of cardiac arrhyth-
mia; and

providing the mapping information for the one
or more maps representing the electrical activity
of the heart and the mapping information for the
one or more maps representing the spatio-tem-
poral manifestation of the conditions indicative
of cardiac arrhythmia.

3. The method of claim 2, wherein the generated map-
ping information for the one or more generated maps
representing the spatio-temporal manifestation of
the conditions indicative of cardiac arrhythmia com-
prises generating:

activation wave mapping information, via the
LATs indicating activation waves of the ECG sig-
nals;

conduction velocity mapping information, via the
LATSs, indicating conduction velocities of the
ECG signals;

block mapping information, via the LATs, indi-
cating areas of slowed or blocked conduction;
fractionation mapping information indicating
fractionated portions of the ECG signals; and

voltage information indicating voltages of the ECG
signals.

4. The method of claim 1, wherein the plurality of ECG
signals comprise intra-cardiac electrocardiogram
(IC ECG) signals ofthe heart acquired via a catheter,
and
the method further comprises determining whether
to reposition the catheter based on an LAT quality
of the IC ECG signals and a complexity of the IC
ECG signals.

5. A system for determining target heart ablation re-
gions, the system comprising:

a plurality of sensors configured to detect a plu-
rality of electro-cardiogram (ECG) signals each
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indicating electrical activity of a heart over time,
each of the plurality of sensors configured to de-
tect one of the ECG signals;

a processing device comprising one or more
processors configured to:

determine, for each of the plurality of ECG
signals, a plurality of local activation times
(LATSs) occurring over time, each LAT indi-
cating a time of electrical activation for an
area the heart;

generate, based on the determined plurality
of LATs of each of the plurality of ECG sig-
nals, mapping information for one or more
maps representing the electrical activity of
the heart; and

determine a region of interest (ROI) of the
heart by identifying the ROI as a region of
the heart exhibiting conditions indicative of
cardiac arrhythmia based on the generated
mapping information for the one or more
maps representing the electrical activity of
the heart.

The method of claim 1 or the system of claim 5,
wherein the ROl is identified as exhibiting conditions
indicative of atrial fibrillation (AF).

The method of claim 6, wherein the generated map-
ping information for the one or more maps represent-
ing the electrical activity of the heart comprises gen-
erating driver mapping information indicating one or
more potential AF drivers of AF and perpetuator
mapping information indicating one or more potential
AF perpetuators.

The system of claim 6, wherein generated mapping
information for the one or more generated maps rep-
resenting the electrical activity of the heart comprises
generating driver mapping information indicating po-
tential AF drivers of AF and perpetuator mapping
information indicating potential AF perpetuators.

The method of claim 7 or the system of claim 8,
wherein the driver mapping information is generated
according to time intervals between the LATSs, infor-
mation indicating earliness of the LATs and ratios of
amplitudes of R-waves of the ECG signals and am-
plitudes of S-waves of the ECG signals.

The method of claim 7, wherein the perpetuator map
is generated according to fractionations of the ECG
signals and conduction velocities of the ECG signals.

The system of claim 8, wherein the perpetuator map-
ping information is generated according to fraction-
ations of the ECG signals and conduction velocities
of the ECG signals.
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12.

13.

14.

15.

The system of claim 5, wherein the processing de-
vice is further configured to:

generate, based on the determined plurality of
LATSs for each of the plurality of ECG signals,
mapping information for one or more maps rep-
resenting a spatio-temporal manifestation of the
conditions indicative of cardiac arrhythmia;
determine the ROI of the heart based on the
mapping information for the one or more maps
representing the spatio-temporal manifestation
of the conditions indicative of cardiac arrhyth-
mia; and

provide, for display, the mapping information for
the one or more maps representing the electrical
activity of the heart and the mapping information
for the one or more maps representing the spa-
tio-temporal manifestation of the conditions in-
dicative of cardiac arrhythmia.

The system of claim 12, wherein the processing de-
vice is further configured to generate the mapping
information for the one or more generated maps rep-
resenting the spatio-temporal manifestation of the
conditions indicative of cardiac arrhythmia by gen-
erating:

activation wave mapping information, via the
LATs indicating activation waves of the ECG sig-
nals;

conduction velocity mapping information, via the
LATSs, indicating conduction velocities of the
ECG signals;

block mapping information, via the LATs, indi-
cating areas of slowed or blocked conduction;
fractionation mapping information indicating
fractionated portions of the ECG signals; and
voltage information indicating voltages of the
ECG signals.

The system of claim 5, wherein the plurality of ECG
signals comprise intra-cardiac electrocardiogram
(IC ECG) signals ofthe heart acquired via a catheter,
and

the processing device is further configured to deter-
mine whether to reposition the catheter based on an
LAT quality of the IC ECG signals and a complexity
of the IC ECG signals.

A non-transitory computer readable medium com-
prising instructions for causing a computer to exe-
cute the method of any claims 1 to 4, 6, 7, 9 or 10.
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