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Description
TECHNICAL FIELD
[0001] This disclosure relates to focal point identification and mapping.
BACKGROUND

[0002] Electrocardiographic mapping (ECM) is a technology that is used to determine and display heart electrical
information from sensed electrical signals. Mapping of cardiac electrical activity can be important in the diagnosis of
cardiac arrhythmia such as fibrillation, including atrial and ventricular fibrillation, as well as tachycardia, including atria
tachycardia and ventricular tachycardia. In many arrhythmias, the origin of the aberrant beat is from a small region of
abnormal or triggered activity that propagates from this point and results in abnormal activation of the heart. Detecting
and visualizing this mechanism of arrhythmias can be relevant to the clinical diagnosis of arrhythmias.

[0003] US2011/251505 A1 discloses amethod tofacilitate reconstruction of cardiac information representing a complex
rhythm disorder associated with a patient’s heart to indicate a source of the heart rhythm disorder. Specifically, a technique
is disclosed which comprises classifying a plurality of channels over which respective signals representative of a plurality
of heart-beats can be received. The technique comprises applying one or more filters such as frequency domain filtering
(e.g., band-pass, high-pass, low-pass and other frequency domain filtering) and time domain filtering (e.g., median-beat
filtering, template-matching to produce correlation filtering and other time domain filtering) to the respective signals. The
technique further comprises applying a selected template beat to the plurality of heart-beats of the respective signals to
select/identify corresponding beats from each respective signal by. Additionally, the template beat can be selected with
one or more of the following attributes: acceptable amplitude for a given heart-beat, an acceptable cycle length (i.e.,
cardiac cycle) for the given heart-beat. Thus, to identify heart-beats in respective signals, a template having one or more
identified attributes (i.e., an amplitude threshold and cardiac cycle threshold) to the respective signals is applied.
[0004] WO 2012/092016 A1 discloses that a system for diagnosing arrhythmias and directing catheter therapies may
allow for measuring, classifying, analyzing, and mapping spatial electrophysiological (EP) patterns within a body. The
system may further guide arrhythmia therapy and update maps as treatment is delivered. Specifically, wavefront patterns
can be identified on a heart by employing matched filters.

SUMMARY

[0005] This disclosure relates to focal point identification and mapping. The invention is defined by the independent
claims. Preferred embodiments are defined by the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

FIG. 1 depicts an example of a system to identify and map one or more focal points.

FIG. 2 depicts an example of a layered neighbor diagram that can be implemented for analyzing a selected vertex
as a focal point.

FIG. 3 depicts an example of a graphical map that can be generated to visually identify one or more focal points.
FIG. 4 depicts an example of a rules engine that can be implemented to control focal detection.

FIG. 5 depicts plots of signals that can be utilized to determine activation times.

FIG. 6 depicts graphical maps demonstrating a growing focal region over time.

FIG. 7 depicts an example of a graphical map demonstrating a detected focal point.

FIG. 8 depicts an example of a graphical map demonstrating focal points over multiple intervals.

FIG. 9 is a flow diagram demonstrating a method for identifying focal points.

FIG. 10 depicts an example of a system that can be implemented for diagnosis and therapy delivery.

FIG. 11 depicts an example computing environment.

DETAILED DESCRIPTION

[0007] Thisdisclosure relates to identifying one or more origins of focal electrical activity, such as arrhythmia. In several
examples disclosed herein, the approach is described in relation to identifying a focal point (also referred to as an
activation trigger or focal trigger) for atrial fibrillation; however, the approach can be applied to identify focal points of
other types of cardiac activity including arrhythmias such as atrial tachycardia, ventricular fibrillation, ventricular tachy-
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cardia or the like. As disclosed herein, a focal point can thus refer to any point a location where an activation initiates
and spreads out from such initial location to its surrounding tissue.

[0008] By way of example, systems and methods can identify focal points for a given geometric surface based on
analysis spatial and temporal information related to activation and phase of signals for nodes across a geometrical
surface. The analysis can include a comparison of a phase of node on the given geometric surface relative to the phase
of nodes residing in a neighborhood (e.g., one or more layers of nodes) around the given node. The comparison can
be made between the given node and its neighboring nodes over a time period sufficient to encompass a trigger event
- corresponding to a focal point. For instance, neighbors of a focal point node have a later activation time, but are
synchronized in phase with the focal point node. Scores can be assigned to each node based on comparisons. A
corresponding focal point map can be generated based on the scores accumulated for each node.

[0009] As another example, the systems and methods can identify focal points for a given geometric surface by
analyzing a set of one or more focal candidate nodes according to a spread of activation from an initial focal candidate
node relative to surrounding nodes in a neighborhood (e.g., one or more layers) around the initial candidate node. Such
systems and methods can apply rules to evaluate the spread of activation spatially and temporally to determine whether
or not to classify the initial focal candidate node as a focal point.

[0010] The resulting focal point data can also be utilized to generate a graphical visualization to present spatially and
temporally consistent information in the one or more maps (e.g., presented according to a color scale or grayscale. The
spatial location of each identified focal point can be used as a clinical target for performing a therapy, such as disclosed
herein (see, e.g., FIG. 11).

[0011] The systems and methods disclosed herein can be used as part of a diagnostic and/or treatment workflow to
facilitate the identification and locating of fibrillation mechanisms based on electrical activity acquired for the patient. In
some examples, the patient electrical activity can include non-invasive body surface measurements of body surface
electrical activity. Additionally or alternatively, the patient electrical activity can include invasive measurements of heart
electrical activity, including epicardial measurements and/or endocardial measurements.

[0012] FIG. 1 depicts an example of a system 10 to identify focal points on a geometric surface based on analysis of
electroanatomic data (e.g., data describing electrical information in relation to anatomical structures) 12. The electro-
anatomi data 12 can be provided to characterize electrical activity for a geometric surface, such as tissue, of the patient
(e.g., human or other animal). The electroanatomic data can be determined from non-invasively acquired electrophys-
iological signals, invasively acquired electrophysiological signals or a combination of non-invasive and invasive electro-
physiological signals.

[0013] As disclosed herein, the electroanatomic data 12 can represent electrical activity for an anatomic structure of
the patient, such as can include the heart, brain or other anatomic structures. For the example where the anatomic
structure is the patient’s heart, the electroanatomic data 12 can represent electrical information for a geometric surface
corresponding to the heart, such as an epicardial surface, an endocardial surface or another cardiac envelope. The
geometric surface can be patient specific (e.g., based on imaging data for the patient) or it can correspond to a generic
model or it can be a hybrid model that is generated based on patient-specific data (e.g., imaging data, patient measure-
ments and/or the like) and a generic anatomic model for the surface. Thus, the geometric surface need not correspond
to an actual surface of the tissue but instead can represent a spatial construct associated with the electroanatomic data 12.
[0014] The system 10 according to the present invention includes a focal analysis module 14 that is programmed to
generate focal point data 16 identifying one or more (or in some cases zero) focal points based on the electroanatomic
data 12. The focal analysis module 14 can provide the focal point data 16 for at least a portion (e.g., a region of interest)
and suitably the entire geometric surface. As disclosed herein, a focal point can correspond to a single node or a group
of one or more contiguous nodes on the geometric surface.

[0015] The focal point analysis module 14 includes a phase calculator 18 to compute phase values for each of a
plurality of nodes on a geometric surface (e.g., a spatial region of the heart) for a time interval or a plurality of time
intervals. The approach used to compute the phases can vary depending on the type of electroanatomic data. The phase
calculator 18 can be programmed to selectively implement a phase computation technique that can be selected from a
predetermined list or be a user-specified calculation, such as in response to a user input. As one example, the phase
calculator 18 can be programmed to compute phase according to the approach disclosed in PCT Publication No. WO
2014/047405 A1 titled PHYSIOLOGICAL MAPPING FOR ARRHYTHMIA. Phase could alternatively be computed by
other approaches. The phase calculator 18 thus can compute the phase for each of the nodes on a geometric surface
for a period of time (e.g., one or more time intervals). This time period can be set based on a user input or be a
predetermined default amount of time.

[0016] The focal analysis module 14 includes a focal detection function 20 programmed to classify a given candidate
node as a focal point or not a focal point based on the phase computed (e.g., by the phase calculator 18) for the given
candidate node and each of its neighboring nodes in a corresponding interval. In the example of FIG. 1, the focal detection
function 20 employs a phase comparator 22 and rules engine 24 to determine whether or not each candidate node is a
focal point. The focal detection function 20 can make the determination for each candidate node and a setofits neighboring
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nodes, which can include a layered set of one or more neighbors. The definition of the number of layers can be stored
as part of the rules engine 24, which can be fixed or programmable in response to a user input.

[0017] As an example, FIG. 2 depicts a layered diagram 50 demonstrating an example of a neighborhood for a given
candidate node 52. A subset of the nodes surrounding a given node 52 thus can define the given node’s neighboring
nodes. The neighboring nodes of the given node can include an arrangement of nodes having a plurality of layers that
provide a multi-layer neighborhood of the nodes for the given node (e.g., the vertex) 52. Each respective layer around
the given node can be defined based on spatial connectivity and/or spatial distance with respect to the given node. For
example, a first layer of neighboring nodes can surround (e.g., circumscribe) just the given node 52. The nodes in the
first layer can correspond to vertices with phases @ {, @4 5, ®1 3, @4 4, and @4 5 (e.g., computed by the phase calculator
18). A next layer of the neighborhood 50 can include another subset of nodes that surround the first layer and the given
node. The nodes in such second layer are represented as vertices with respective phases @, 1, ©, 5 @, 3, ©y 4, P 5,
Dy g, Py 7 Py g, Dy g, Py 19 Py 11 @Nd Oy 4,. There can be any number of layers, which further can be programmable in
response to a user input (e.g., via a GUI 24), as disclosed herein.

[0018] Referring back to FIG. 1, the phase comparator 22 can compare the phase of the given node to the phase of
each of the nodes in one or more layers as a function of time. The phase comparator 22 can assign a prescribed score
to one of the given node and its neighboring node based on each comparison. The resulting score from the set of
comparisons can be stored in memory for each node on geometric surface. As mentioned, the rules engine 24 can
control the size (e.g., number of layers) of the neighborhood for each candidate node, which can be the same or vary
across the geometric surface.

[0019] Therules engine 24 can also control the scoring that is implemented by the focal detection function 20, including
by the phase comparator 22. Forinstance, a binary score can be used or a weighted score can be implemented depending
on spatial and/or temporal characteristics between the nodes or phase values that are compared. In some examples,
the score for each comparison can be afixed value, such as binary value depending on the results of the phase comparison
(e.g., 1 if candidate has a greater phase than its neighbor, otherwise 0). In other examples, the rules can be set to vary
the computed score. For instance, the score can vary as a function of the distance between the given node and each
respective node to which the comparison is being made. As another example, the score can vary depending on which
layer the node resides to which the comparison is being made. The score can be accumulated based on all comparisons
made for each candidate node. For example, the score assigned based on a first layer comparison can be greater than
a comparison for a higher layer. The comparing and scoring can be repeated for at least a substantial portion of the
nodes on the geometric surface (and suitably all nodes on the geometric surface) such that each of the nodes is assigned
a score that provides an indication of a location of a least one focal point for the geometric surface.

[0020] By way of further example, from a mathematical definition, at a given time t, the phase comparator 22 can
determine that a focal point occurs at the location x if

8.(1)>@.(D,VI=1..niec N,(x), (1)

where: ¢,(f) is the phase value at vertex x at time ¢,

¢, A1) is the phase value at the ith vertex in the fth layer of neighborhood,

n is an adjustable parameter to control number of layers, and

N/(x) is a set containing all vertices in the /th layer of neighborhood of vertex x, as demonstrated in the layered
neighbor diagram of FIG. 2.

[0021] To make this process robust against noise, several layers (e.g., n=2 to n=4 or more) can be utilized. A focal
trigger typically will last at least a few milliseconds. Accordingly, the inequality above shall hold for a few consecutive
samples across a time interval.

$.(1)>@,,(1),VI=1..nie N,(x),t=1..m 2)

where m is an adjustable parameter to control the minimum duration of this event to classify a vertex to be a focal (e.g.,
m=5 ms).

The rules engine 24 thus can be configured to control m and n when implemented by the phase comparator 22 of the
focal detection 20. As mentioned, the parameter m and n (as well as other rules) can be set in response to a user input.
[0022] The phase comparison based on (2) can be performed at the time of activation for node X and a post activation
time period. The time period for which the comparison is evaluated following activation at X can be a fixed default time
period or it may be user programmable. In some examples, a variable evaluation time period can be set to vary based
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on the number of layers being evaluated in the neighborhood of node X (e.g., a greater number of layers can employ a
larger time period to accommodate for spread). As an example, the activation time for each node, including the given
node X, can be determined based on a time derivative of the electrogram signal at X, such as may be the time of minimum
slope for the electrogram at X or maximum absolute slope; although other activation time detection algorithms may be
used.

[0023] To represent the focal detection result numerically, for each node detected as a focal point per (2) above, the
phase comparator 22 can score a given node with 1, for multiple instances occurring at the same or different nodes,
such that the focal point analysis module 14 can accumulate scores for each node. As a mathematical example, the
focal point analysis module 14 can employ the phase comparator 22 to determine a score F,({) for vertex x at a given
sample time t, which can be represented as follows:

Ec(l) = {L lf¢x(k) > Q’i(k)’VZ =l.n,ie Nz(x),k =t+1,..,t+m 3)

0, otherwise

[0024] The focal point analysis module 14 can further calculate an aggregate score over time, such as can be repre-
sented as follows:

As a further example, the rules engine 24 can establish a variable scoring to be applied for each comparison. Thus,
instead of scoring each comparison between a vertex node and a neighboring node to be 1 or 0, as mentioned above,
comparisons between a vertex node and neighbors can vary as a function of distance between nodes being compared.
For example, the score assigned to the node having the greater phase for each focal point comparison (e.g., by phase
comparator 22) can be weighted with decreasing scores if the neighbor node is further from the vertex node. In some
examples, the weighted score can be set for each layer or the score can be computed as a function of a distance
computed between the respective nodes.

[0025] By way of an example, if a vertex at a given sampling time is detected as a trigger, i.e., F(f) = 1, then the rules
engine 24 can be programmed to score all its n layers of neighbors as:

n+1-1

Fl,i(t)z n+l l‘.fieNl(x)’Fx(l‘):].

&)

0, otherwise

The above rule implemented by the focal detection function 20 operates to weight scores spatially (e.g., inversely
proportional to distance from the candidate node. For instance, the rules implemented by equation (5) will provide a first

neighborhood with score , and provide the nth neighborhood with score

n+1 n+1
scores are 0.8, 0.2 for 1stand 4t layer neighbors, respectively. The rules provided by this approach allow the focal point
with score 1.0 standing out among its neighboring nodes. The accumulated scores for each respective node can be
stored (e.g., in memory) as the focal point data 16.
[0026] The system 10 of the invention includes a map generator 28 programmed to generate one or more graphical
maps 30 to represent one or more focal points for the geometric surface based on the focal point data 16. For example,
the map generator 28 can be programmed to generate a graphical map in which the accumulated focal point scores for
each of the nodes on the geometric surface are mapped to a corresponding scale visualized on three-dimensional
surface (e.g., a cardiac surface). For instance, the graphical map 30 can be visualized on the geometric surface according
to a given scale (e.g., color scale or grayscale) to depict the range of focal point scores. The scale can be set by the
map generator 28 to accommodate the range of accumulated scores that have been assigned to the nodes on the
geometric surface. The resulting map thus can be used to identify focal points on the geometric surface. As a further
example, the map generator 34 can be programmed to present a plurality of the graphical maps 30 for different time
intervals and/or different geometric surfaces.
[0027] FIG. 3 depicts an example of focal map 70 that can be generated based on focal point data computed based
on the systems and methods disclosed herein. In the example of FIG. 3, detected focal points are demonstrated as
being distributed across the atria. In some cases, detecting focals based solely upon a neighborhood-based phase
comparison, such as demonstrated in the example of FIG. 3, may yield false positive and/or false negative detections.
Accordingly, the rules engine 24 can be programmed to apply additional rules (e.g., logic and/or controls) to help improve
sensitivity and/or specificity.
[0028] An example of a rules engine 80 that can implement additional rules to improve sensitivity and/or specificity

. For an example where n=4, the
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for the focal point detection is demonstrated in FIG. 4. The rules engine 80 can correspond to and be implemented as
the rules engine 24 of FIG. 1, and reference can be made back to FIG. 1 for additional context.

[0029] The rules engine 80 can be programmed to include analytics, logic and parameter data for implementing a
variety of rules to provide enhanced specificity and/or sensitivity for use in detecting one or more focal points from
electrical activity (e.g., based on measured electrical potentials) distributed across a geometric surface for patientanatomy
(e.g., the heart or other tissue). In conjunction with the focal detection function 20 of FIG. 1 disclosed above, the rules
engine 80 can mitigate false positive detection as well as false negative detections. The rules engine 80 can thus be
implemented as machine readable instructions that can be stored in one or more non-transitory media and be executed
by a processing resource (e.g., one or more processor cores) of one or more computers. An example of a method that
can correspond to the machine readable instructions implemented as the rules engine 80 is demonstrated in FIG. 9.
[0030] In the example of FIG. 4, the rules engine 80 includes an activation detector 82 that is programmed to detect
activation for each node on the geometric surface. For example, the activation detector 82 can be programmed to detect
activation as beginning at a chosen phase value (61) and mark the node as being ON or activated until the phase changes
to another chosen phase value (62, where 61202). As an example, 62 can be selected automatically as a time when
activation for the node has been determined to end. In other examples, 62 can be selected to provide a predetermined
activation time (e.g., 62 - 61 = a fixed time interval). The values of 61 and 62 can be programmed in response to a user
input and can vary depending on how the phase calculator translates the electrical cycle for a given node into phase.
[0031] FIG. 5 depicts an example of signal diagram 100 that includes a filtered electrical potential 102 for a given node
and a corresponding phase 104 the given node. For example, the phase 104 can be calculated (e.g., by phase calculator
18 of FIG. 1) to represent the phase of the electrical signal for the given node. In the example of FIG. 5, activation begins
at an activation spot 106, corresponding to when the phase has a value of 61, and continues to when the computed
phase value of the signal 104 changes to ©. Thus the activation time for each cycle of the given node’s phase 104
extends from the activation spot 106 to a time when the phase changes at 62. The activation time for the signal can vary
over time for each respective node, as illustrated by the activation coding demonstrated at 108. In other examples, the
activation time interval can be a fixed time. For instance, the activation time interval for a given node can extend from
a beginning time, such as when the phase has a value of 61 to an end time following a fixed time window (e.g., about
50 ms). The activation detector 82 thus can generate activation coding 108 to encode the activation for each respective
node over the surface of interest.

[0032] By way of further example, the activation coding 108 can be utilized to mark each respective node as activated
(e.g., ON) between the starting and ending time indices and mark each node as deactivated (e.g., OFF) otherwise. This
provides the example activation coding 108 for each node, such as shown in FIG. 5. Since each respective node across
the surface can be coded as being ON or OFF over a time interval, a contiguous set of nodes that are concurrently ON
for the geometric (e.g., cardiac) surface will form a region of activation, such as the changing growing region demonstrated
in FIG. 6. The focal detection function can employ the rules engine 80 to determine whether or not each respective node
is a focal point, as disclosed herein.

[0033] The rules engine 80 can also include rule parameters 86 that can be utilized by the components of the rules
engine 80 (and focal detection function 22 of FIG. 1) to implement the logic and analytics disclosed herein. For instance,
the rule parameters 86 can specify values to set one or more thresholds and other parameters that can control the focal
detection process. The rule parameters can be stored in memory, and may be fixed values or may be programmable in
response to a user input.

[0034] The activation mask generator 84 of the present invention is programmed to generate one or more activation
masks. For example, the activation mask generator 84 generates an activation coding mask, such as corresponding to
the activation coding 108 of FIG. 5, to mark the beginning and end of each activation for a given node. In other embod-
iments, a fixed time from each initial activation on-time can be used to configure the mask. The corresponding activation
mask can be generated for each respective candidate node on the geometric surface. Additionally, the activation mask
generator 84 can provide a magnitude activation mask, such as by setting a minimum magnitude threshold (e.g., in a
range from about 0.01 mV to about 0.1 mV) for the electrical signals for each node.

[0035] The rules engine 80 of the invention includes a candidate selector 88 that is programmed to apply each mask
that was generated by the activation mask generator 84 to identify a set of focal candidates across the geometric surface
of interest. The set of focal candidates can be a proper subset of the total set of nodes across the geometric surface.
For example, the candidate selector can employ combinational logic (e.g., a logical AND function) to phase and potential
signals for each node for identifying focal candidate nodes. As described herein, in some examples, the geometric
surface of interest can include a particular region of interest or it can include an entire surface of the heart.

[0036] The identified focal candidates thus can be stored in memory as a set of prospective candidates meeting the
initial criteria established by the masks. In some examples, this may include the direct phase comparisons disclosed
with respect to FIG. 1. Each of the focal candidates thus can be evaluated by the rules engine 80 in conjunction with
the focal detection function (focal detection 20 of FIG. 1) to determine whether or not each of the respective candidate
node is a focal point.
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[0037] In an embodiment, the rules engine 80 includes a region size calculator 90 that is programmed to determine
the size of a region that has been activated (e.g., one or more nodes distributed across the surface) at a given time
interval for a given candidate. The activation for each such node can be determined by the activation detector 82, as
mentioned above. For example, at or near (e.g., within one or two intervals from) an initial activation time for a given
node (e.g., corresponding to the time of activation at activation spot 106 of FIG. 5), the rules engine 80 can ascertain
whether the initial size of the activated region exceeds a maximum initial size threshold (e.g., set by rule parameters
86). The maximum initial size can be used to determine whether the candidate may be a focal point or not. For example,
if the maximum initial size is exceeded, it can be ascertained that the respective candidate is not a focal point. The rules
engine 80 further can add one or more subsequent time frames in the sample to continue adding one or more nodes
that may be activated at a time following the initial activation of the given candidate node that is being evaluated by the
rules engine 80. The region size calculator 90 can in turn determine if the additional activations for one or more other
nodes has affected the size of the activated region. This can be utilized to determine whether the size of the activation
region has grown or otherwise changed size over a predetermined period of time, such as a plurality of intervals. The
absence of changes in size over such time period can help classify the candidate as not being a focal trigger.

[0038] The rules engine 80 also includes in an embodiment a continuity detector 92 that is programmed to ascertain
whether the set of nodes forming the activated region are a contiguous set of nodes in a given neighborhood. The
continuity detector 92 can evaluate a spatial and/or temporal continuity to determine if the current activation region is
connected with the earlier activation for the given candidate node. If the following activation region is not connected with
the earlier activation, the focal detection function can determine that the candidate node is not a focal point, such as if
its size does not change (or shrinks) over time.

[0039] The rules engine 80 can also employ the regions size calculator 90 to determine if at or near the end of the
activation time, the activated region is larger than a threshold minimum final size, such as can be set by the rules
parameter 86. The minimum final size can be a fixed value or be user programmable (e.g., in response to a user input).
The focal detection function thus can employ the rules engine 80 to determine whether or not each of the nodes is a
focal point. The results, including the final results as well as at intermediate stages, can be stored in memory as focal
data and used to generate one or more graphical maps, such as disclosed herein.

[0040] FIG. 6 depicts an example of multiple time frames demonstrating how activation from one spot can trigger
activation in surrounding nodes that grows over time from the initial trigger across the geometric surface of a patient’s
heart. The example of FIG. 6 demonstrates six different time frames demonstrated at 120, 122, 124, 126, 128 and 130
(e.g., ranging over about 30 ms). Each of the respective time frames correspond to different instances in time during
activation of a given candidate focal node. As demonstrated in the focal point maps 120, 122, 124, 126, 128 and 130,
it is demonstrated that activation initiates at a given spot or region such as corresponding to one or more nodes on the
surface in map 120 then forms a small island, as demonstrated at 122 through 124, and continues to spread and grow
as demonstrated at 126 through 130. As demonstrated in FIG. 6, the spreading of activation from a focal point can be
anisotropic.

[0041] FIG. 7 depicts an example of an electrophysiological map 140 demonstrating a focal trigger 144 (e.g., one or
more nodes) that can be generated by a map generator (e.g., map generator 28 of FIG. 1). The focal trigger in the
example of FIG. 7 can be detected (e.g. by focal detection function 20 of FIG. 1) based on applying rules during the
growth of the focal region demonstrated in the example of FIG. 6 over a given interval.

[0042] FIG. 8depicts of an electrophysiological map 150 thatcan be generated by a map generator (e.g., map generator
28 of FIG. 1). The electrophysiological map 150 includes a plurality of focal points 152 detected for on a plurality of
different intervals. For instance the focal points can be detected based on application of the rules engine by the focal
detection function as disclosed herein.

[0043] In view of the foregoing structural and functional features described above, methods that can be implemented
will be better appreciated with reference to FIG. 9. While, for purposes of simplicity of explanation, the method of FIG.
9 is shown and described as executing serially, it is to be understood and appreciated that the present invention is not
limited by the illustrated order, as some aspects could, in accordance with the present invention, occur in different orders
and/or concurrently with other aspects from that shown and described herein. Moreover, not all illustrated features may
be required to implement a method. The methods or portions thereof can be implemented as instructions stored in one
or more non-transitory storage media as well as be executed by a processor of a computer device, for example.
[0044] FIG. 9 depicts a flow diagram demonstrating an example method for identifying one or more focal points. The
method 160 is implemented by the focal detection function and rules engine disclosed herein (e.g., focal detection
function 20 and rules engine 24 of FIG. 1 or rules engine 80 of FIG. 4). At 162, phase data is computed based on a
sampling interval over a period of time, which may be selected by a user in response to a user input or be automatically
detected.

[0045] At 166, one or more activation masks are generated (e.g., by mask generator 84 of FIG. 4) based on the phase
information computed at 162. For instance, one activation mask can encode activation temporal, such as the beginning
and end time of activation for each respective node such as beginning at a time when the phase has a value of 81 and
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an ending time. The ending time can be determined when the phase has a value of 62 or it can establish a fixed time
period for the activation time from the detected beginning. Time indices can be set to correspond to each of the starting
and end times for each activation time period. Another mask can be generated to set a minimum threshold magnitude
for the sensed electrical signal at each node (e.g., a filtered or processed electrical potential). The generated masks
and associated thresholds can be stored as parameters (e.g., rule parameters 86 of FIG. 4) in corresponding memory.
The time interval for analyzing the phase values and activation can be set and initialized at 168. This time interval can
range anywhere from a selected portion of a sampling interval for which the phase data is computed at 162 up to an
entire length of one or more sampling intervals.

[0046] At 170, the activation masks that are applied to the phase data to identify a set of focal candidates for further
evaluation (e.g., corresponding to candidate selector 88 of FIG. 4). Each of the nodes corresponding to the focal can-
didates thus can be stored in memory for use in performing the remaining portion of the method 160 with respect to
each respective candidate. At 172 a size of the region can be determined (e.g., by region size calculator 90 of FIG. 4)
for an initial activation time period (e.g., a second interval of activation for the candidate node). At 174, a determination
can be made as to whether the determined size is greater than a maximum initial size. If the size of the initial region is
determined to exceed the maximum initial size, the method proceeds to 176 in which a next candidate node is selected
(e.g., by candidate selector 88 of FIG. 4) for processing. This can correspond to an example where an initial region is
too large such that it is too difficult to ascertain which node or set of nodes corresponds to a trigger. From 176 the method
returns to 172 to process the next candidate that has been selected.

[0047] If at 174, the size does not exceed the maximum initial size for the corresponding candidate, the method can
proceed to 178. At 178 the method grows the activation region for a next time intervals. For example, a time interval can
correspond to a time when each sample of electrical information is measured, such as ranging from 0.5 to about 2 ms.
At 180 a determination is made (e.g., by continuity detector 92 of FIG. 4) whether the region that is activated for the next
time interval is connected with the prior region that was activated (in the previous time interval). This determination at
180 thus can consider temporal and/or spatial connections, such as to confirm whether the newly activated area was
triggered by the proceeding activation area. If the new area is not connected with the prior area, the method proceeds
to 182.

[0048] At 182, a determination is made as to whether the determined size remains unchanged over a predetermined
period of time. For example, the method can determine whether the size remains unchanged over a time interval (e.g.,
4 ms). If the size remains unchanged over this time period such as expanding multiple intervals, the method proceeds
to 184 to identify the candidate node as not being a focal point. From 184 the method can proceed to 176 to process
the next candidate node from the set of candidates identified at 170. If at 182 it is determined that the size has changed,
the method can proceed to 186 to increment to a next time interval and the method can continue to 178 to grow the
corresponding activation region for such next interval.

[0049] Returning back to 180 if it is determined that the newly activated area is connected with the prior area (e.g.,
temporary and/or spatially), the method can proceed to 188. At 188, a determination can be made as to whether a size
exceeds a minimum final size if the aggregate size of the activated region does not exceed the minimum final size the
method proceeds to 184 in which the candidate can be marked as not being a focal point. However, if the size exceeds
the minimum final size the method can proceed to 190 in which the candidate can be identified as a focal point.
[0050] From 190, the method can proceed to 176 to process the next focal candidate. As mentioned, the method 160
can be repeated for each candidate focal point over the time interval initialized at 168. For instance, the method 160
can loop from 172 to 190 for each respective candidate. Additionally, the method can further loop from 168 to 190 for
each respective time frame (e.g., interval) that is being processed. In this way, the method 160 can identify different
focal points over different time intervals. The identified focal points further can be aggregated and utilized to generate
a corresponding focal point map (e.g., map generator 28 of FIG. 1), such as shown in FIG. 8.

[0051] FIG. 10 depicts an example of a system 200 that can be utilized for performing diagnostics and/or treatment
of a patient. In some examples, the system 200 can generate focal point maps for the heart 202 in real time as part of
a diagnostic procedure (e.g., an electrophysiology study) to help assess the electrical activity and conduction pathways
of a patient’s heart.

[0052] Additionally or alternatively, the system 200 can be utilized in a non-claimed example as part of a treatment
procedure such as to help a physician determine parameters for delivering a therapy to the patient (e.g., delivery location,
amount and type of therapy). For example, a catheter, such as a pacing catheter, having one or more therapy delivery
devices 206 affixed thereto can be inserted into the body 204 as to contact the patient’s heart 202, endocardially or
epicardially. Those skilled in the art will understand and appreciate various type and configurations of therapy delivery
devices 206 that can be utilized, which can vary depending on the type of treatment and the procedure. For instance,
the therapy device 206 can be configured to deliver electrical therapy, chemical therapy, sound wave therapy, thermal
therapy or any combination thereof.

[0053] By way of example, the therapy delivery device 206 can include one or more electrodes located at a tip of an
ablation catheter configured to generate heat for ablating tissue in response to electrical signals (e.g., radiofrequency
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energy) supplied by a therapy system 208. In other examples, the therapy delivery device 206 can be configured to
deliver cooling to perform ablation (e.g., cryogenic ablation), to deliver chemicals (e.g., drugs), ultrasound ablation, high-
frequency ablation, or a combination of these or other therapy mechanisms. In still other examples, the therapy delivery
device 206 can include one or more electrodes located at a tip of a pacing catheter to deliver electrical stimulation, such
as for pacing the heart, in response to electrical signals (e.g., pacing pulses) supplied by a therapy system 208. Other
types of therapy can also be delivered via the therapy system 208 and the invasive therapy delivery device 206 that is
positioned within the body.

[0054] The therapy system 208 can be located external to the patient’'s body 204 and be configured to control therapy
that is being delivered by the device 206. For instance, the therapy system 208 includes control circuitry 210 that can
communicate (e.g., supply) electrical signals via a conductive link electrically connected between the device (e.g.,
electrodes) 206 and the therapy system 208. The control system 210 can control parameters of the signals supplied to
the device 206 (e.g., current, voltage, repetition rate, trigger delay, sensing trigger amplitude) for delivering therapy (e.g.,
ablation or stimulation) via the electrode(s) 204 to one or more location of the heart 202. The control circuitry 210 can
setthe therapy parameters and apply stimulation based automatic, manual (e.g., user input) or acombination of automatic
and manual (e.g., semiautomatic) controls. Output data 224, including data identifying one or more focal points, can
also be provided to the therapy system 208 for implementing such controls. One or more sensors (not shown) can also
communicate sensor information back to the therapy system 208. The position of the device 206 relative to the heart
202 can be determined and tracked intraoperatively via an imaging modality (e.g., fluoroscopy, xray), a mapping system
212, direct vision or the like. The location of the device 206 and the therapy parameters thus can be combined to provide
corresponding therapy parameter data.

[0055] Before, during and/or after providing a therapy via the therapy system 208, another system or subsystem can
be utilized to acquire electrophysiology information for the patient. In the example of FIG. 10, a sensor array 214 includes
one or more electrodes that can be utilized for recording patient activity. The sensor array can be position non-invasively
on the patient’s body and/or it can be position invasively in the body to measure patient electrical activity.

[0056] As one example, the sensor array 214 can correspond to a high-density arrangement of body surface sensors
(e.g., greater than 200 electrodes) that are distributed over a portion of the patient’s torso for measuring electrical activity
associated with the patient’s heart (e.g., as part of an electrocardiographic mapping procedure). An example of a non-
invasive sensor array that can be used is shown and described in PCT Publication No. WO 2010/054352 A1. Other
arrangements of sensing electrodes can be used as the sensor array 214. The array can be a reduced set of electrodes,
which that does not cover the patient’s entire torso and is designed for measuring electrical activity for a particular
purpose (e.g., an array of electrodes specially designed for analyzing AF and/or VF) and/or for monitoring a predetermined
spatial region of the heart.

[0057] One or more sensors may also be located on the device 206 that is inserted into the patient’s body. Such
electrode can be utilized in conjunction with the sensor array 214 for mapping electrical activity for an endocardial surface,
such as the wall of a heart chamber, as well as for an epicardial surface. Additionally, such electrode can also be utilized
to help localize the device 206 within the heart 202, which can be registered into an image or map that is generated by
the system 200. Alternatively, such localization can be implemented in the absence of emitting a signal from an electrode
within or on the heart 202.

[0058] In each of such example approaches for acquiring patient electrical information, including invasively, non-
invasively, or a combination of invasive and non-invasive sensors, the sensor array(s) 214 provide the sensed electrical
information to a corresponding measurement system 216. The measurement system 216 can include appropriate controls
and signal processing circuitry 218 for providing corresponding measurement data 220 that describes electrical activity
detected by the sensors in the sensor array 214. The measurement data 220 can include analog or digital information.
[0059] The control 218 can also be configured to control the data acquisition process for measuring electrical activity
and providing the measurement data 220. The measurement data 220 can be acquired concurrently with the delivering
therapy by the therapy system, such as to detect electrical activity of the heart 202 that occurs in response to applying
agiven therapy (e.g., according to therapy parameters). For instance, appropriate time stamps can be utilized forindexing
the temporal relationship between the respective data 220 and therapy parameters to facilitate the evaluation and analysis
thereof.

[0060] The mapping system 212 is programmed to combine the measurement data 220 corresponding to electrical
activity of the heart 202 with geometry data 222 by applying appropriate processing and computations to provide cor-
responding output data 224. The output data 224 can be represent or characterize one or more focal points across a
geometric surface (e.g., a cardiac envelope or other surface associated with the heart 202).

[0061] Since the measurement system 216 can measure electrical activity of a predetermined region or the entire
heart concurrently (e.g., where the sensor array covers the entire thorax of the patient’'s body 204) the resulting output
data 224 thus can also represent concurrent data for the predetermined region or the entire heart in a temporally and
spatially consistent manner. This can include concurrent measurements for the both atria and/or both ventricles. The
time interval for which the output data/maps are computed can be selected based on user input. Additionally or alterna-
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tively, the selected intervals can be synchronized with the application of therapy by the therapy system 208.

[0062] For the example where the electrical measurement data is obtained non-invasively (e.g., via body surface
sensor array 214), electrogram reconstruction 230 can be programmed to compute an inverse solution and provide
corresponding reconstructed electrograms based on the process signals and the geometry data 222. The reconstructed
electrograms thus can correspond to electrocardiographic activity across a cardiac envelope, and can include static
(three-dimensional at a given instant in time) and/or be dynamic (e.g., four-dimensional map that varies over time).
Examples of inverse algorithms that can be utilized in the system 10 are disclosed in U.S. Patent Nos. 7,983,743 and
6,772,004. The EGM reconstruction 230 thus can reconstruct the body surface electrical activity measured via the sensor
array 214 onto a multitude of locations on a cardiac envelope (e.g., greater than 1000 locations, such as about 2000
locations or more). In other examples, the mapping system 212 can compute electrical activity over a region of the heart
based on electrical activity measured invasively, such as via a basket catheter or other form of measurement probe.
[0063] Asdisclosed herein, the cardiac envelope can correspond to a three dimensional surface geometry correspond-
ing to a patient’s heart, which surface can be epicardial or endocardial. Alternatively or additionally, the cardiac envelope
can correspond to a geometric surface that resides between the epicardial surface of a patient’s heart and the surface
of the patient’'s body where the sensor array 214 has been positioned. Additionally, the geometry data 222 that is utilized
by the electrogram reconstruction 230 can correspond to actual patient anatomical geometry, a preprogrammed model
or a combination thereof (e.g., a model that is modified based on patient anatomy).

[0064] As an example, the geometry data 222 may be in the form of a three-dimensional graphical representation of
the patient’s torso, such as image data acquired for the patient. Such image processing can include extraction and
segmentation of anatomical features, including one or more organs and other structures, from a digital image set.
Additionally, a location for each of the electrodes in the sensor array 214 can be included in the geometry data 222,
such as by acquiring the image while the electrodes are disposed on the patient and identifying the electrode locations
in a coordinate system through appropriate extraction and segmentation. Other non-imaging based techniques can also
be utilized to obtain the position of the electrodes in the sensor array, such as a digitizer.

[0065] Alternatively or additionally, the geometry data 222 can correspond to a mathematical model, such as can be
a generic model or a model that has been constructed based on image data for the patient. Appropriate anatomical or
other landmarks, including locations for the electrodes in the sensor array 214 can be identified in the geometry data
222 to facilitate registration of the electrical measurement data 220 and performing the inverse method thereon. The
identification of such landmarks can be done manually (e.g., by a person via image editing software) or automatically
(e.g., via image processing techniques).

[0066] By way of further example, the geometry data 222 can be acquired using nearly any imaging modality based
on which a corresponding representation can be constructed, such as described herein. Such imaging may be performed
concurrently with recording the electrical activity that is utilized to generate the patient measurement data 220 or the
imaging can be performed separately (e.g., before the measurement data has been acquired).

[0067] Following (or concurrently with) determining electrical potential data (e.g., electrogram data computed from
non-invasively and/or invasively acquired measurements) across the geometric surface of the heart, the electrogram
data can further undergo signal processing to compute one or more cardiac maps. The mapping system 212 can include
a focal point calculator 232 that can be programmed to compute focal point data for each of a plurality of points in the
given spatial region based on the geometry and electrical measurement data. For example, the focal point can be
programmed to compute phase for nodes distributed across a given geometric surface of the patient’s heart, such as
disclosed herein. The focal point calculator 232 can also compute focal point data based on comparing phase information
of a given vertex node relative to the phase of each of its neighboring nodes. The comparison can be performed for the
vertex node and each node in one or more layers (see, e.g., FIG. 2). A score can be assigned to one of the given node
and its neighboring node based on each comparison. The score can be a fixed value or it may vary as disclosed herein.
The comparing and scoring can be repeated for each of the nodes to provide corresponding focal point map data,
demonstrated as output data 224.

[0068] Asafurtherexample, the focal pointcalculator 232 can include a rules engine (e.g., rules engine 80) programmed
to apply one or more rules to increase the sensitivity and specificity of the focal point analysis. For instance, the rules
engine can employ parameters that can be set to control the focal analysis for each candidate node over a set of one
or more intervals, such as disclose with respect to the method FIG. 9. The focal point calculator 232 thus can provide
a set of one or more focal points as part of output data 224 for each of the time intervals that are analyzed based on the
electrical measurement data sensed for the patient.

[0069] Theoutputdata224 canbeemployed by adisplay 242 to render a graphical map representation 244. Parameters
associated with the generation of the focal point map or other aspects of visualization, such as including selecting one
or more time intervals, setting one or more thresholds, the type of information that is to be presented in the graphical
map and the like, can be selected in response to a user input via a corresponding visualization GUI 190, for example.
The mapping system 224 thus can generate corresponding output data 224 that canin turn be rendered by the visualization
engine as a corresponding graphical output in a display 192, such as including an electrocardiographic focal point map
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194.

[0070] In addition to the mapping system 212 generating one or more focal point maps, other types of electrocardio-
graphic mapping can be implemented such as including activation maps, dominant frequency maps and the like. For
example, the display 192 can include one or more regions for displaying composite singularity map data concurrently
with corresponding activation or dominant frequency maps to facilitate diagnosis and treatment of AF or VF.

[0071] Additionally, the output data 224, including information about the size and location of the focal points determined
from the focal point map, can be provided to the therapy system 208. The control 210 of the therapy system can utilize
the output data to control one or more therapy parameters. As an example, the control 210 can control delivery of ablation
therapy to a site of the heart (e.g., epicardial or endocardial wall) based on the location and size of a phase singularity
determined from a composite phase singularity map. Other types of therapy can also be controlled based on the output
data. The control that is implemented can be fully automated control, semi-automated control (partially automated and
responsive to a user input) or manual control based on the output data 224.

[0072] As a further example, the focal point detection approach, as disclosed herein, can be combined with other
arrhythmia detection and mapping approaches as part of an integrated system (e.g., the system 200). For example, the
focal point detection can be combined with phase singularity detection that is disclosed in PCT Publication No. WO
2014/047405 A1.

[0073] In view of the foregoing structural and functional description, those skilled in the art will appreciate that portions
of the systems and method disclosed herein may be embodied as a method, data processing system, or computer
program product such as a non-transitory computer readable medium. Accordingly, these portions of the approach
disclosed herein may take the form of an entirely hardware embodiment, an entirely software embodiment (e.g., in a
non-transitory machine readable medium), or an embodiment combining software and hardware, such as shown and
described with respect to the computer system of FIG. 11. Furthermore, portions of the systems and method disclosed
herein may be a computer program product on a computer-usable storage medium having computer readable program
code on the medium. Any suitable computer-readable medium may be utilized including, but not limited to, static and
dynamic storage devices, hard disks, optical storage devices, and magnetic storage devices.

[0074] Certain embodiments have also been described herein with reference to block illustrations of methods, systems,
and computer program products. It will be understood that blocks of the illustrations, and combinations of blocks in the
illustrations, is implemented by computer-executable instructions. These computer-executable instructions may be pro-
vided to one or more processor of a general purpose computer, special purpose computer, or other programmable data
processing apparatus (or a combination of devices and circuits) to produce a machine, such that the instructions, which
execute via the processor, implement the functions specified in the block or blocks.

[0075] These computer-executable instructions are also stored in computerreadable memory that can directa computer
or other programmable data processing apparatus to function in a particular manner, such that the instructions stored
in the computer-readable memory result in an article of manufacture including instructions which implement the function
specified in the flowchart block or blocks. The computer program instructions may also be loaded onto a computer or
other programmable data processing apparatus to cause a series of operational steps to be performed on the computer
or other programmable apparatus to produce a computer implemented process such that the instructions which execute
on the computer or other programmable apparatus provide steps for implementing the functions specified in the flowchart
block or blocks.

[0076] In this regard, FIG. 11 illustrates one example of a computer system 300 that can be employed to execute one
or more embodiments, such as including acquisition and processing of sensor data, processing of image data, as well
as analysis of transformed sensor data and image data associated with the analysis of cardiac electrical activity. Computer
system 300 can be implemented on one or more general purpose networked computer systems, embedded computer
systems, routers, switches, server devices, client devices, various intermediate devices/nodes or stand alone computer
systems. Additionally, computer system 300 can be implemented on various mobile clients such as, for example, a
personal digital assistant (PDA), laptop computer, pager, smart phone and the like, provided itincludes sufficient process-
ing capabilities.

[0077] Computer system 300 includes processing unit 301, system memory 302, and system bus 303 that couples
various system components, including the system memory, to processing unit 301. Dual microprocessors and other
multi-processor architectures also can be used as processing unit 301. System bus 303 may be any of several types of
bus structure including a memory bus or memory controller, a peripheral bus, and a local bus using any of a variety of
bus architectures. System memory 302 includes read only memory (ROM) 304 and random access memory (RAM) 305.
A basic input/output system (BIOS) 306 can reside in ROM 304 containing the basic routines that help to transfer
information among elements within computer system 300.

[0078] Computer system 300 can include a hard disk drive 307, magnetic disk drive 308, e.g., to read from or write to
removable disk 309, and an optical disk drive 310, e.g., for reading CD-ROM disk 311 or to read from or write to other
optical media. Hard disk drive 307, magnetic disk drive 308, and optical disk drive 310 are connected to system bus 303
by a hard disk drive interface 312, a magnetic disk drive interface 313, and an optical drive interface 314, respectively.
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The drives and their associated computer-readable media provide nonvolatile storage of data, data structures, and
computer-executable instructions for computer system 300. Although the description of computer-readable media above
refers to a hard disk, a removable magnetic disk and a CD, other types of media that are readable by a computer, such
as magnetic cassettes, flash memory cards, digital video disks and the like, in a variety of forms, may also be used in
the operating environment; further, any such media may contain computer-executable instructions for implementing one
or more parts of the systems and method disclosed herein.

[0079] A number of program modules may be stored in drives and RAM 305, including operating system 315, one or
more application programs 316, other program modules 317, and program data 318. The application programs and
program data can include functions and methods programmed to acquire, process and display electrical data from one
or more sensors, such as shown and described herein. The application programs and program data can include functions
and methods programmed to process signals and compute a phase data and identify one or more focal points as
disclosed herein. The application programs and program data can also include functions and methods programmed to
generate one or more focal point graphical maps as disclosed herein.

[0080] A user may enter commands and information into computer system 300 through one or more input devices
320, such as a pointing device (e.g., a mouse, touch screen), keyboard, microphone, joystick, gesture control, game
pad, scanner, and the like. For instance, the user can employ input device 320 to edit or modify a domain model. These
and other input devices 320 are often connected to processing unit 301 through a corresponding port interface 322 that
is coupled to the system bus, but may be connected by other interfaces, such as a parallel port, serial port, or universal
serial bus (USB). One or more output devices 324 (e.g., display, a monitor, printer, projector, or other type of displaying
device) is also connected to system bus 303 via interface 326, such as a video adapter.

[0081] Computer system 300 may operate in a networked environment using logical connections to one or more
remote computers, such as remote computer 328. Remote computer 328 may be a workstation, computer system,
router, peer device, or other common network node, and typically includes many or all the elements described relative
to computer system 300. The logical connections, schematically indicated at 330, can include a local area network (LAN)
and a wide area network (WAN).

[0082] When used in a LAN networking environment, computer system 300 can be connected to the local network
through a network interface or adapter 332. When used in a WAN networking environment, computer system 300 can
include a modem, or can be connected to a communications server on the LAN. The modem, which may be internal or
external, can be connected to system bus 303 via an appropriate port interface. In a networked environment, application
programs 316 or program data 318 depicted relative to computer system 300, or portions thereof, may be stored in a
remote memory storage device 340.

[0083] What have been described above are the invention, embodiments and examples. It is, of course, not possible
to describe every conceivable combination of structures, components, or methods, but one of ordinary skill in the art will
recognize that many further combinations and permutations are possible. Accordingly, the invention is intended to
embrace all such alterations, modifications, and variations that fall within the scope of the appended claims.

[0084] Where the disclosure or claims recite "a," "an," "afirst," or "another" element, or the equivalent thereof, it should
be interpreted to include one or more than one such element, neither requiring nor excluding two or more such elements.
As used herein, the term "includes" means includes but not limited to, and the term "including" means including but not
limited to. The term "based on" means based at least in part on.

Claims

1. A non-transitory computer-readable medium having instructions executable by a processor for performing a method
comprising:
computing phase values for signals of each of a plurality of nodes on a geometric surface region associated with
tissue of a patient, a subset of the nodes surrounding a given node of the plurality of nodes defining neighboring
nodes of the given node, the method further being characterized by comprising:

generating an activation mask for the given node based on an activation detected for at least one of the plurality
of nodes, the activation mask specifying a set of at least one activation time period having a beginning time and
an ending time, the beginning time corresponding to when a phase value of a signal at the at least one of the
plurality of nodes has a given value and the ending time corresponding to when the phase value of the signal
at the at least one of the plurality of nodes has another value;

applying the activation mask to the computed phase values computed for each of the plurality nodes on the
geometric surface region to identify a set of focal candidate nodes;

analyzing the set of focal candidate nodes to identify a given focal candidate node corresponding to a spatial
location of a focal point on the geometric surface region; and
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generating focal point data (16) characterizing the spatial location of the focal point on the geometric surface
region.

The medium of claim 1, wherein the neighboring nodes comprise an arrangement of nodes having a plurality of
layers that provide a neighborhood of the nodes relative to the given node.

The medium of claim 2, wherein the number of layers for each neighborhood is a programmable parameter.

The medium of claim 1, wherein the method further comprises detecting the activation for at least a substantial
portion of the plurality of nodes.

The medium of claim 1, wherein the activation mask is a temporal activation mask,

wherein generating the activation mask further comprises setting a magnitude threshold that specifies a minimum
magnitude for the signals at each of the plurality of nodes on the geometric surface region,

wherein the set of focal candidate nodes is identified in response to applying both the activation mask and the
magnitude threshold.

The medium of claim 1, further comprising:

computing a size of an activation region across the geometric surface region according to which of the plurality
of nodes are activated for a respective activation time in a corresponding time interval, and

determining whether or not each given candidate node is a focal point based on the computed size of the
activation region for at least one time interval.

The medium of claim 1, the determining further comprising:

detecting that a respective one of the given candidate nodes is a focal point if newly activated nodes for at least
one other activation period following the respective activation time period are connected with the activation region
that is activated for the respective activation time period and if the computed size of the activation region for the
other activation time exceeds a minimum size parameter.

The medium of claim 1, determining that one of the given candidate nodes is not a focal point if nodes activated for
a subsequent activation time are unconnected with the activation region that is activated for the respective activation
time and the computed size has not changed over a predetermined time period.

The medium of any preceding claim, wherein the geometric surface region comprises one of an epicardial surface,
an endocardial surface or another cardiac envelope.

The medium of any preceding claim, wherein the method further comprises solving an inverse problem to compute
reconstructed electrical signals as the signals for each of the nodes on the geometric surface region based on
electrical data acquired from the patient, the computed phase value for each of the nodes being computed based
on the reconstructed electrical signals for the respective nodes.

The medium of any preceding claim, further comprising generating a graphical map (30) to represent each focal
point that is detected for the geometric surface region based on the focal point data.

A system comprising:

memory to store data and machine readable instructions; and

a processor to access the memory and execute the machine readable instructions, the machine readable
instructions comprising:

a phase calculator (18) programmed to compute phase for electrical signals at a plurality of nodes distributed
across a geometric surface corresponding to patient tissue, the machine readable instructions further being
characterized by comprising:

a mask generator (84) programmed to generate an activation mask for a given node of the plurality of nodes
specifying a set of at least one activation time period having a beginning time and an ending time, the
beginning time corresponding to when a phase value of a signal at the at least one of the plurality of nodes
has a given value and the ending time corresponding to when the phase value of the signal at the at least
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one of the plurality of nodes has another value;

acandidate selector (88) programmed to apply the activation mask to the computed phase values computed
for each of the plurality nodes on the geometric surface to identify a set of focal candidate nodes;

afocal detector programmed to analyze the set of focal candidate nodes to identify a given focal candidate
node corresponding to a spatial location of a focal point for the geometric surface, the focal detector further
programmed to generate focal point data (16) characterizing the identified given focal candidate node; and
a map generator (34, 234) programmed to generate a graphical map (30, 244) representing the focal point
detected on the geometric surface based on the focal point data.

13. The medium of claim 1, wherein analyzing the set of focal candidate nodes comprises:

analyzing a computed phase value of the given focal candidate node relative to computed phase values of the
set of focal candidate nodes over an activation time period associated with the given focal candidate node;
determining if the given focal candidate node is the focal point based on the analyzing; and

repeating the analyzing and determining for each focal candidate node to provide the focal point data specifying
the spatial location corresponding to each focal point for the geometric surface region.

14. The medium of claim 1, wherein the ending time is a predetermined phase value that is fixed time from the beginning

time.

15. The system of claim 12, wherein the ending time is a fixed time from the beginning time.

Patentanspriiche

1.

Nichtfliichtiges computerlesbares Medium mit Befehlen, die von einem Prozessor ausfiihrbar sind, um ein Verfahren
auszufliihren, das Folgendes umfasst:

das Berechnen von Phasenwerten fiir Signale von jedem einer Vielzahl von Knoten auf einem geometrischen
Oberflachenbereich, dem Gewebe eines Patienten zugeordnet ist, wobei eine Teilmenge der Knoten, die einen
gegebenen Knoten aus der Vielzahl von Knoten umgeben, benachbarte Knoten des gegebenen Knotens definiert,
wobei das Verfahren ferner dadurch gekennzeichnet ist, dass es Folgendes umfasst:

das Erzeugen einer Aktivierungsmaske fir den gegebenen Knoten basierend auf einer fiir mindestens einen
der Vielzahl von Knoten erkannten Aktivierung, wobei die Aktivierungsmaske einen Satz von mindestens einem
Aktivierungszeitraum mit einer Anfangszeit und einer Endzeit spezifiziert, wobei die Anfangszeit dem Moment
entspricht, an dem ein Phasenwert eines Signals an dem zumindest einen der Vielzahl von Knoten einen
gegebenen Wert aufweist und die Endzeit dem Moment entspricht, an dem der Phasenwert des Signals an
dem mindestens einen der Vielzahl von Knoten einen anderen Wert aufweist;

das Anwenden der Aktivierungsmaske auf die berechneten Phasenwerte, die fiir jeden der Vielzahl von Knoten
auf dem geometrischen Oberflachenbereich berechnet wurden, um einen Satz von fokalen Kandidatenknoten
zu identifizieren;

das Analysieren des Satzes von fokalen Kandidatenknoten, um einen gegebenen fokalen Kandidatenknoten
zu identifizieren, der einer rumlichen Lage eines Fokus auf dem geometrischen Oberflachenbereich entspricht;
und

das Erzeugen von Fokusdaten (16), die die rAumliche Lage des Fokus auf dem geometrischen Oberflachen-
bereich kennzeichnen.

Medium nach Anspruch 1, wobei die benachbarten Knoten eine Anordnung von Knoten umfassen, die eine Vielzahl
von Schichten aufweist, die eine Nachbarschaft der Knoten in Bezug zu dem gegebenen Knoten vorsehen.

Medium nach Anspruch 2, wobei die Anzahl von Schichten fiir jede Nachbarschaft ein programmierbarer Parameter
ist.

Medium nach Anspruch 1, wobei das Verfahren ferner das Erkennen der Aktivierung fiir mindestens einen wesent-
lichen Abschnitt der Vielzahl von Knoten umfasst.

Medium nach Anspruch 1, wobei die Aktivierungsmaske eine temporéare Aktivierungsmaske ist,
wobei das Erzeugen der Aktivierungsmaske ferner das Einstellen einer GréRenschwelle umfasst, die eine minimale
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GroRe fur die Signale an jeder der Vielzahl von Knoten auf dem geometrischen Oberflachenbereich spezifiziert,
und wobei der Satz von fokalen Kandidatenknoten als Reaktion auf das Anwenden sowohl der Aktivierungsmaske
als auch der GroRenschwelle identifiziert wird.

Medium nach Anspruch 1, ferner umfassend:

das Berechnen einer GréRe eines Aktivierungsbereichs tiber den geometrischen Oberflachenbereich hinweg
je nachdem, welche der Vielzahl von Knoten fir eine jeweilige Aktivierungszeit in einem entsprechenden Zei-
tintervall aktiviert sind, und

das Bestimmen, ob jeder gegebene Kandidatenknoten ein Fokus ist oder nicht, basierend auf der berechneten
GroRe des Aktivierungsbereichs flir mindestens ein Zeitintervall.

Medium nach Anspruch 1, wobei das Bestimmen weiterhin Folgendes umfasst:

das Erkennen, dass ein entsprechender der gegebenen Kandidatenknoten ein Fokus ist, wenn neu aktivierte Knoten
fir mindestens einen anderen, auf den jeweiligen Aktivierungszeitraum folgenden Aktivierungszeitraum mit dem fir
denjeweiligen Aktivierungszeitraum aktivierten Aktivierungsbereich verbunden sind und wenn die berechnete GroR3e
des Aktivierungsbereichs fiir die andere Aktivierungszeit einen minimalen Grofenparameter tberschreitet.

Medium nach Anspruch 1, das bestimmt, dass einer der gegebenen Kandidatenknoten kein Fokus ist, wenn fir
eine nachfolgende Aktivierungszeit aktivierte Knoten nicht mit dem Aktivierungsbereich verbunden sind, der fur die
jeweilige Aktivierungszeit aktiviert ist und die berechnete Grofe sich tber einen vorbestimmte Zeitraum nicht ver-
andert hat.

Medium nach einem der vorhergehenden Anspriiche, wobei der geometrische Oberflachenbereich eine epikardiale
Oberflache, eine endokardiale Oberflache oder eine andere kardiale Hille umfasst.

Medium nach einem dervorhergehenden Anspriiche, wobei das Verfahrenfernerdas Losen eines inversen Problems
zum Berechnen rekonstruierter elektrischer Signale als die Signale fiir jeden der Knoten auf dem geometrischen
Oberflachenbereich basierend auf von dem Patienten erfassten elektrischen Daten umfasst, wobei der berechnete
Phasenwert fir jeden der Knoten basierend auf den rekonstruierten elektrischen Signalen fir die jeweiligen Knoten
berechnet wird.

Medium nach einem der vorhergehenden Anspriiche, das ferner das Erzeugen einer grafischen Karte (30) umfasst,
um jeden Fokus, der fir den geometrischen Oberflachenbereich erkannt wird, basierend auf den Fokusdaten dar-
zustellen.

System, umfassend:

Speicher zum Speichern von Daten und maschinenlesbaren Anweisungen; und

einen Prozessor, um auf den Speicher zuzugreifen und die maschinenlesbaren Anweisungen auszufiihren,
wobei die maschinenlesbaren Anweisungen Folgendes umfassen:

einen Phasenrechner (18), der dazu programmiert ist, eine Phase fiir elektrische Signale an einer Vielzahl von
Knoten zu berechnen, die lber eine geometrische Oberflache verteilt sind, die Patientengewebe entspricht,
wobei die maschinenlesbaren Anweisungen ferner dadurch gekennzeichnet sind, dass sie Folgendes um-
fassen:

einen Maskengenerator (84), der dazu programmiert ist, eine Aktivierungsmaske fiir einen gegebenen
Knoten der Vielzahl von Knoten zu erzeugen, die einen Satz von mindestens einem Aktivierungszeitraum
mit einer Anfangszeit und einer Endzeit spezifiziert, wobei die Anfangszeit dem Moment entspricht, an dem
ein Phasenwert eines Signals an dem mindestens einen der Vielzahl von Knoten einen gegebenen Wert
aufweist und die Endzeit dem Moment entspricht, an dem der Phasenwert des Signals an dem mindestens
einen der Vielzahl von Knoten einen anderen Wert aufweist;

einen Kandidatenselektor (88), der dazu programmiert ist, die Aktivierungsmaske auf die berechneten
Phasenwerte anzuwenden, die flr jeden der Vielzahl von Knoten auf dem geometrischen Oberflachenbe-
reich berechnet wurden, um einen Satz von fokalen Kandidatenknoten zu identifizieren;

einen fokalen Detektor, der dazu programmiert ist, den Satz von fokalen Kandidatenknoten zum Identifi-
zieren eines gegebenen fokalen Kandidatenknoten zu analysieren, der einer rdumlichen Lage eines Fokus
fur die geometrische Oberflache entspricht, wobei der fokale Detektor ferner dazu programmiert ist, Fo-
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kusdaten (16) zu erzeugen, die den identifizierten gegebenen fokalen Kandidatenknoten kennzeichnen;
und

einen Kartengenerator (34, 234), der dazu programmiert ist, eine grafische Karte (30, 244) zu erzeugen,
die den auf der geometrischen Oberflache erkannten Fokus basierend auf den Fokusdaten darstellt.

13. Medium nach Anspruch 1, wobei das Analysieren des Satzes von fokalen Kandidatenknoten Folgendes umfasst:

das Analysieren eines berechneten Phasenwerts des gegebenen fokalen Kandidatenknotens in Bezug auf die
berechneten Werte des Satzes von fokalen Kandidatenknoten tber einen Aktivierungszeitraum in Verbindung
mit dem gegebenen Kandidatenknoten;

das Bestimmen, ob der gegebene fokale Kandidatenknoten der Fokus ist, basierend auf dem Analysieren; und
das Wiederholen des Analysierens und Bestimmens flr jeden fokalen Kandidatenknoten, um die Fokusdaten
bereitzustellen, die die rdumliche Lage spezifizieren, die jedem Fokus fir den geometrischen Oberflachenbe-
reich entspricht.

14. Medium nach Anspruch 1, wobei die Endzeit ein vorbestimmter Phasenwert ist, der ein fester, von der Anfangszeit
entfernter Zeitpunkt ist.

15. System nach Anspruch 12, wobei die Endzeit ein fester, von der Anfangszeit entfernter Zeitpunkt ist.

Revendications

1. Support non transitoire lisible par ordinateur ayant des instructions exécutables par un processeur pour mettre en
oeuvre un procédé comprenant :
le calcul de valeurs de phase pour des signaux de chacun parmi une pluralité de noeuds sur une région de surface
géométrique associée a un tissu d’'un patient, un sous-ensemble des noeuds entourant un noeud donné de la
pluralité de noeuds définissant des noeuds voisins du noeud donné, le procédé étant caractérisé en outre en ce
qu’il comprend :

la génération d’un masque d’activation pour le noeud donné sur la base d’'une activation détectée pour au moins
'un parmi la pluralité de noeuds, le masque d’activation spécifiant un ensemble d’au moins une période de
temps d’activation ayant un moment de début et un moment de fin, le moment de début correspondant au
moment ou une valeur de phase d’un signal au niveau de I'au moins un parmi la pluralité de noeuds a une
valeur donnée et le moment de fin correspondant au moment ou la valeur de phase du signal au niveau de I'au
moins un parmi la pluralité de noeuds a une autre valeur ;

'application du masque d’activation aux valeurs de phase calculées, calculées pour chacun parmi la pluralité
noeuds sur la région de surface géométrique pour identifier un ensemble de noeuds candidats focaux ;
I'analyse de 'ensemble de noeuds candidats focaux pour identifier un noeud candidat focal donné correspondant
a un emplacement spatial d’'un point focal sur la région de surface géométrique ; et

la génération de données de point focal (16) caractérisant I’emplacement spatial du point focal sur la région
de surface géométrique.

2. Support selon la revendication 1, dans lequel les noeuds voisins comprennent un agencement de noeuds ayant
une pluralité de couches qui fournissent un voisinage des noeuds par rapport au noeud donné.

3. Support selon la revendication 2, dans lequel le nombre de couches pour chaque voisinage est un parameétre
programmable.

4. Support selon la revendication 1, dans lequel le procédé comprend en outre la détection de I'activation pour au
moins une partie importante de la pluralité de noeuds.

5. Support selon la revendication 1, dans lequel le masque d’activation est un masque d’activation temporel,
dans lequel la génération du masque d’activation comprend en outre la définition d’un seuil d’amplitude qui spécifie
une amplitude minimale pour les signaux au niveau de chacun parmi la pluralité de noeuds sur la région de surface
géométrique,
dans lequel 'ensemble de noeuds candidats focaux est identifié en réponse a 'application a la fois du masque
d’activation et du seuil d’amplitude.
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Support selon la revendication 1, comprenant en outre :

le calcul d’'une taille d’'une région d’activation a travers la région de surface géométrique selon ceux de la pluralité
de noeuds qui sont activés pendant un temps d’activation respectif dans un intervalle de temps correspondant, et
le fait de déterminer si chaque noeud candidat donné est ou non un point focal sur la base de la taille calculée
de la région d’activation pendant au moins un intervalle de temps.

Support selon la revendication 1, la détermination comprenant en outre :

la détection que I'un respectif des noeuds candidats donnés est un point focal si des noeuds récemment activés
pendant au moins autre période d’activation suivant la période de temps d’activation respective sont connectés
avec la région d’activation qui est activée pendant la période de temps d’activation respective et si la taille calculée
de la région d’activation pendant 'autre temps d’activation dépasse un parametre de taille minimale.

Support selon la revendication 1, déterminant que I'un des noeuds candidats donnés n’est pas un point focal si des
noeuds activés pendant un temps d’activation ultérieur sont non connectés avec la région d’activation qui est activée
pendant le temps d’activation respectif et que la taille calculée n’a pas changé sur une période de temps prédéter-
minée.

Support selon une quelconque revendication précédente, dans lequel la région de surface géométrique comprend
'une parmi une surface épicardique, une surface endocardique ou une autre enveloppe cardiaque.

Support selon une quelconque revendication précédente, dans lequel le procédé comprend en outre la résolution
d'un probleme inverse pour calculer des signaux électriques reconstruits en guise de signaux pour chacun des
noeuds sur la région de surface géométrique sur la base de données électriques acquises auprées du patient, la
valeur de phase calculée pour chacun des noeuds étant calculée sur la base des signaux électriques reconstruits
pour les noeuds respectifs.

Support selon une quelconque revendication précédente, comprenant en outre la génération d’'une carte graphique
(30) pour représenter chaque point focal qui est détecté pour la région de surface géométrique sur la base des
données de point focal.

Systeme comprenant :

une mémoire pour stocker des données et des instructions lisibles par machine ; et

un processeur pour accéder a la mémoire et exécuter les instructions lisibles par machine, les instructions
lisibles par machine comprenant : un calculateur de phase (18) programmé pour calculer une phase pour des
signaux électriques au niveau d’une pluralité de noeuds répartis a travers une surface géométrique correspon-
dant a un tissu de patient, les instructions lisibles par machine étant caractérisées en outre en ce qu’elles
comprennent :

un générateur de masque (84) programmé pour générer un masque d’activation pour un noeud donné de
la pluralité de noeuds spécifiant un ensemble d’au moins une période de temps d’activation ayant un
moment de début et un moment de fin, le moment de début correspondant au moment ou une valeur de
phase d’'un signal au niveau de I'au moins une de la

pluralité de noeuds a une valeur donnée et le moment de fin correspondant au moment ou la valeur de
phase du signal au niveau de I'au moins un parmi la pluralité de noeuds a

une autre valeur ;

un sélecteur de candidat (88) programmeé pour appliquer le masque d’activation aux valeurs de phase
calculées, calculées pour chacun parmi la pluralité noeuds sur la surface géométrique pour identifier un
ensemble de noeuds candidats focaux ;

un détecteur focal programmé pour analyser I'ensemble de noeuds candidats focaux pour identifier un
noeud candidat focal donné correspondant a un emplacement spatial d’'un point focal pour la surface
géométrique, le détecteur focal programmé en outre pour générer des données de point focal (16) carac-
térisant le noeud candidat focal donné identifié ; et

un générateur de carte (34, 234) programmé pour générer une carte graphique (30, 244) représentant le
point focal détecté sur la surface géométrique sur la base des données de point focal.

Support selon la revendication 1, dans lequel I'analyse de I'ensemble de noeuds candidats focaux comprend :
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'analyse d’une valeur de phase calculée du noeud candidat focal donné par rapport a des valeurs de phase
calculées de I'ensemble de noeuds candidats focaux sur une période de temps d’activation associée au noeud
candidat focal donné ;

le fait de déterminer si le noeud candidat focal donné est le point focal sur la base de I'analyse ; et

la répétition de I'analyse et de la détermination pour chaque noeud candidat focal pour fournir les données de
point focal spécifiant 'emplacement spatial correspondant a chaque point focal pour la région de surface géo-
métrique.

14. Support selon la revendication 1, dans lequel le moment de fin est une valeur de phase prédéterminée qui est un
moment fixé a partir du moment de début.

15. Systéme selon la revendication 12, dans lequel le moment de fin est un moment fixé a partir du moment de début.
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