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PERSISTENT DISPLAY OF NEAREST BEAT CHARACTERISTICS DURING
REAL-TIME OR PLAY-BACK ELECTROPHYSIOLOGY DATA VISUALIZATION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to  Provisional Application No.
81/820,142, filed May 6, 2013, which is herein incorporated by reference in its

entirety.

TECHNICAL FIELD

[8002] The present disclosure relates {0 cardiac mapping systems. More
specifically, the present disclosure relales {0 a cardiac mapping system configured to

display persistent data visualization during an electrophysiclogical study.

BACKGROUND

[00603] Diagnosing and treating heart rhythm disorders often invoive the
introduction of a catheter having a plurality of sensors/probes into a cardiac chamber
through the surrounding vasculature. The sensors delect eleciric activity of the heart
at sensor locations in the hearl. The slectric aclivity is generally processed into
electrogram signals that represent signal propagation through cardiac tissue at the
sensor locations.

[0004] Systemns can be configurad to display the slectrical signals detected in
the cardiac chamber in a real-ime fashion {0 a physician. However, the activation
signals are transient and thus are replaced by a display of the most current electrical
achivily including uninteresting activity, for exampie the dormant elecltrical signals
betwaen hsart beats. While a visualization of the temporal evolution of these
electrical signals can be useful in diagnosing cardiac abnormalities, it may be
beneficial to display various characteristics of the slectrical signals in a persistent

fashion or until g significant change in the electrical signals is detected.

SUMMARY

[0605] Disclosed herein are various embodiments of a method for generating
a persistent display of cardiac aclivation signals sensed by a cardiac catheter, as
well as anatomical mapping systems emploving such methods.

[0006] in Example 1, a method for mapping an anatomical structure includes

sensing activation signals of intrinsic events with a plurality of electrodes disposed in
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or near the anatomical struclure, determining a most recent intrinsic event at a first
time based on the sensed activation signals, generaling a persistent display of at
lsast one relevant characteristic of the sensed activation signals of the most recent
infrinsic event, and updating the persistent display upon detection of a subseguent
intrinsic event.

[0007] in Example 2, the method according o Example 1, wherein the
persistent display is generated in real-time as the activation signals are sensed.
[0008] in Example 3, the method according to either Examples 1 or 2, wherein
the persistent display is generated off line after a pluraiity of activation signals are
recorded and the most recent intrinsic event is before or after the first time.

[0063] in BExample 4, the method according o any of Examples 1-3, wherein
the generated persistent display includes at least one of an aclivation map, a veclor
field representing an activation pattern during the most recent intrinsic event, a
contour map of isg-potential lines during the most recent infrinsic event, and a
reliability map of related to onset pick-up times of the aclivation signals of the most
recent infrinsic event.

10416] in Example 5, the method according to any of Examples 1-4, further
includes determining an onset time for the most recent activation signal at each of
the plurality of electrodes, cailculating a median onset time based on an average of
the determined onset times, and identifying the subsequent intrinsic event according
io the calculated median onset time.

[0011] in Example 6, the method according to any of Examples 1-5, further
includes calculating a quadratic mean for the most recent activation signal for each
of the pluraiity of elecirodes, determining a peak value from a sum of the quadratic
means, and identifying the subsegquent intrinsic event according o the detlermined
peak value.

[0012] in Example 7, the method according o any of Examples 1-6, further
includes determining an onset time for the most recent activation signal at each of
the plurality of electrodes, convolving the onset times with a Gaussian function,
identifying the subsequent intrinsic event according o the convolution.

10613] in Example 8, the method according to any of Examples 1.7, further
includes determining a morphology for each intrinsic event, comparing the

morphology of the most recent intrinsic event with a previous intrinsic event, and
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updating the persisient display based on changes in morphology between the most
recent and previous intrinsic event.

10014] in Example 9, the method according to any of bExamples 1-8, wherein
the persistent display is updated upon the dstsction of a plurality of subseguent
ntrinsic events.

[0018] in Example 10, a method for cardiac mapping includes sensing
activation signals of cardiac actlivity with a plurality of electrodes disposed in or near
in myocardial lissue, delecting a most recent heart beat based on the sensed
activation signals generating a persistent display of at least one relevant
characteristic associated with the sensed activation signals of the most recent heart
beat, and updating the persistent dispiay upon detection of a subssguent heart beat.
[00186] in Example 11, the method according to Example 10, wherein the
generated persistent display includes at least one of an activation map during the
most recent heart beat, a vector field representing an activation pattern during the
most recent heart beat, a contour map of iso-potential lines during the most recent
heart beat, and a reliability map of related to onset pick-up times of the activation
signals related to the most recent heart beat.

[0017] in Example 12, the method according to sither Examples 10 or 11,
further included determining an onset time for a most recent aclivation signal at each
of the pluraiity of electrodes, calculating a median onset time based on an average of
the determined onset times, and detecting the subsequent heart beat based on the
calculated median onsel time.

[0018] in Exampie 13, the method according to any of Examples 10-12,
further includes calculating a quadratic mean for a most recent activation signal for
each of the plurality of electrodes, determining a peak value from a sum of the
quadralic means, and delecling the subsequent heart beat based on the delermined
peak value,

[0619] in Exampie 14, the method according to any of Examples 10-13,
further includes determining an onset time for a most recent activation signal for
gach of the plurality of electrodes, convolving the onset tmes with a Gaussian
function, and detecting the subsequent heart beat according to the convolution.
[0020] in Exampie 18, the method according to any of Examples 10-14,
further includes determining a morphology for each heart, comparing the morphology

of the most recent heart beat with a previous heart beat, and updating the persistent
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display based on changes in morphology between the most recent and previous
heart beat.

10621} in bExample 16, an anatomical mapping system includes a plurality of
mapping electrodes configured to detsct activation signals of infrinsic events within
an anstomical structure, each of the plurality of mapping eleclrodes having an
electrode location, and a processing system associated with the plurality of mapping
eleclrodes, the processing system configured to record the detected activation
signals and associate at least one of the plurality of mapping elecirodes with each
recorded activation signal, the processing system further configured {o determine a
most recent intrinsic event, {¢ generale a persistent display of at least one relevant
characteristic of the delecled aclivation signals of the most recent intrinsic event, and
to update the persistent display with at least one relevant characleristic of a
subsequent intrinsic event,

{00221 in Example 17, the anatomical system according to Example 16,
wherein the persistent display includes at least one of a vector field representing an
activation pattern during the most recent intrinsic event, a contour map of isc-
potential lines during the most recent infrinsic event, and a reliability map of onset
pick-up times of the most recent intrinsic event.

[0023] in Example 18, the anatomical system according to either of Examples
16 or 17, wherein, to determine the most recent intrinsic svent, the processing
systern is further configured {o determine an onset ime for the most recent activation
signal at each of the piurality of eleclrodes, and {o calculate a median onset time
based on an average of the delermined onset times.

10024] in bExample 18, the anatomical system according to any of Examples
16-18, wherein, {o determine the most recent inlrinsic event, the processing system
is further configured to calculate a quadratic mean for the most recent activation
signal for each of the plurality of electrodes, and to determine a peak value from a
sum of the quadratic means.

{0025] in Example 20, the anaiomical system according o any of Examples
16-19, wherein, to determine the most recent intrinsic event, the processing system
is further configured {o determine an onset time for the most recent activation signal
at sach of the plurality of electrodes, and to convolve the onset times with a

Gaussian function.
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[0028] While muliiple embodiments are disclosed, siill other embodiments of
the present invention will become apparent to those skilled in the art from the
following detailed description, which shows and describes illustrative embodiments
of the invention. Accordingly, the drawings and detailed description are o be

regarded as illustrative in nature and nol restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

106271 FIG. 1 is a schematic view of an embodiment of a system for accessing
a targeted tissue region in the body for diagnostic and therapeutic purposes.

{0028] FIG. 2 is a schematic view of an embodiment of a mapping catheter
having a basket functional element carrying structure for use in association with the
system of FIG. 1.

[0023] FIG.3 is a schematic side view of an embodiment of the basket
functional element including a plurality of mapping elecirodes .

[0030] FIG. 4 illustrates a persistent display of relevant characteristics of
activation signals sensed by the system of FIG. 1 at & first time.

(80311 FIG. 5 llustrates the persistent display of FIG. 4 at a subseguent time,
[0032] Whils the invention is amsnable 1o various modifications and
alternative forms, specific embodiments have been shown by way of example in the
drawings and are described in detail below. The intention, however, is not o limit
the invention o the particular embodiments described. On the contrary, the
invention is intended to cover all modifications, equivalents, and alternatives falling

within the scope of the invention as defined by the appendead claims.

DETAILED DESCRIPTION

{0033] FIG. 1 is a schematic view of a system 10 for accessing a targeled
tissue region in the body for diagnostic or therapeutic purposes. FIG. 1 generally
shows the systern 10 deployed in the left ventricle of the hearl. Alternatively, system
10 can be deployed in other regions of the heart, such as the left atrium, right atrium,
or right ventricle. While the Hlustrated embodiment shows the system 10 being used
for ablating myocardial tissue, the system 10 (and the methods described herein}
may alternatively be configured for use in other tissue abiation applications, such as
procedures for ablating tissue in the prostrate, brain, gall bladder, uterus, and other

regions of the body, including in systerns that are not necessarily catheter-based.
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[0034] The system 10 includes a mapping probe 14 and an ablation probe 16.
In FIG. 1, each is separately introduced into the selected heart region 12 through a
vein or artery {e.g., the femoral vein or artery) through suitable percutansous access.
Alternatively, the mapping probe 14 and ablation probe 16 can be assembied in an
integrated structure for simultansocus introduction and deployment in the heart region
12.

[8035] The mapping probe 14 has a flexible catheter body 18, The distal end
of the catheler body 18 carries a three-dimensional multiple electrode siructure 20.
In the illusirated embodiment, the structure 20 takes the form of a basket defining an
open interior space 22 {(see FIG. 2), although other multiple electrode structures
could be used wherein the geometry of the electrode structure and electrode
iocations are known.  The multiple elecirode structure 20 carries a plurality of
mapping electrodes 24 each having an electrode location and channel. Each
electrode 24 is configured to sense intrinsic physiclogical activity in the anatomical
region on which the ablation procedure is to be performed. In some embodiments,
the electrodes 24 are configured {o detect activation signals of the intrinsic
physiological activity within the anatomical structure, 2.q., the activation times of
cardiac activity.

[0038] The electrodes 24 are electrically coupled 1o a processing system 32, A
signal wire (not shown) is slectrically coupled o each slectrode 24 on the basket
structure 20. The wires extend through the body 18 of the probe 14 and slectrically
couple sach electrode 24 to an input of the processing system 32, as will be
described laler in greater detaill. The eleclrodes 24 sense intrinsic elecirical activity in
the anatomical region, e.g., myocardial tissue. The sensed activily, e.g. activation
signals, is processed by the processing sysiem 32 to assist the physician by
generaling an anatomical map, e.g., action potential duration (APD) map or an
activation map, {o identify the site or sites within the heart appropriate for ablation.
The processing systemn 32 identifies a nearfield signal component, i.e. activation
signals associated with local activation and originating from the tissue adjacent to the
mapping slectrode 24, from an obstructive far-field signal component, Le. activalion
signals originating from non-adjacent tissue, within the sensed activation signals. For
example, in an alrial study, the nsarfield signal component includes activation
signals originating from alrial myocardial tissue whereas the far-field signal

component includes activation signals originating from the ventricular myocardial
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tissue. The near-field activalion signal component can be further analyzed to find
the presence of a pathology and to determineg a location suitable for ablation for
treatment of the pathciogy, e.¢., ablation therapy.

(0637} The processing system 32 includes dedicated circuitry {e.g., discrete
logic elements and one or more microcontroilers; application-specific integrated
circuits {(ASICs); or specially configured programmable devices, such as, for
example, programmable logic devices {PLDs) or field programmable gale arrays
{(FPGAs)) for receiving andfor processing the acquired activation signals. In some
embodiments, the processing system 32 includes a general purpose microprocessor
and/or a specialized microprocessor (8.g., a digital signal processor, or BSP, which
may be oplimized for processing aclivation signals) that executes instructions to
receive, analyze and display information associaled with the received aclivation
signals. in such implementations, the processing systermn 32 can include program
instructions, which when exscuied, perform part of the signal processing. Frogram
instructions can include, for example, firmware, microcods or application code that is
executed by microprocessors  of  microcontroliers.  The  above-mentioned
implementations are merely exemplary, and the reader will appreciate that the
processing system 32 can take any suitable form.

10638] in some embodiments, the processing system 32 may be configured o
measure the intrinsic electrical activily in the myoccardial lissue adjacent to the
electrodes 24. For example, in some embodiments, the processing system 32 is
configured to detect intrinsic electrical activity associaled with a dominant rotor in the
anaiomical feature being mapped. Studies have shown that dominani rofors have a
role in the initiation and maintenance of atrial fibrillation, and ablation of the rotor
path and/or rotor core may be effective in terminating the atrial fibrillation.  In either
siluation, the processing system 32 processes the sensed activation signals o
isolate the nearfield signal component and generate an AFPD map based on the
isolated near-field signal component. The APD map may be used by the physician {o
identify a site suitable for ablation therapy.

[0038] The ablation probe 18 includes a flexible catheter body 34 that carries
one or more ablation electrodes 36, The one or more ablation electrodes 36 are
electrically connected o a radic frequency (RF} gensrator 37 that is configured to
deliver ablalion energy 1o the one or more ablalion elecitrodes 38. The ablation

probe 16 is movable with respect o the anatomical fealure {0 be treated, as well as
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the structure 20. The ablation probe 16 is positionable bestween or adjacent to
elecirodes 24 of the structure 20 as the one or more ablation electrodes 38 are
positionad with respect 1o the tissus 10 be treated.

{06407 The processing system 32 oulputs to a device 40 the generated APD
map for viewing by a physician. in the illusirated embodiment, device 40 is a CRT,
LED, or other type of display, or a printer. The device 40 presents the APD map in a
format most useful to the physician. In addition, the processing system 32 may
generate posilion-identifying ouiput for display on the device 40 that aids the
physician in guiding the ablation electrode(s) 36 into contact with tissue at the site
identified for ablation.

[0641] FIG. 2 illustrates an embodiment of the mapping catheier 14 including
electrodes 24 at the distal end suitable for use in the system 10 shown in FIG. 1.
The mapping catheler 14 has a flexible catheter body 18, the distal end of which
carries the three dimensional structure 20 configured to carry the mapping
elecirodes or sensors 24. The mapping slectrodes 24 sense intrinsic eleclrical
activity, e.g., aclivation signals, in the myocardial tissue, the sensed activity is then
precessed by the processing system 32 {o assist the physician in identifving the site
or sites having a heart rhythm disorder or other myocardial pathology via a
generaled and displayed APD map. This process is commonly referred to as
mapping. This information can then be used o determine an appropriate location for
applying appropriate therapy, such as ablation, to the identified sites, and 1o navigale
the one or more ablation electrodes 36 to the identified sites.

[0042] The illustrated thres-dimensional structure 20 comprises a bass
member 41 and an end cap 42 between which flexible splines 44 generally extend in
a circumferentially spaced relationship. As discussed above, the threg dimensional
structure 20 takes the form of a basket defining an open interior space 22. In some
embodiments, the splines 44 are made of a resilient inert matenial, such as Nitinol
metal or silicone rubber, and are connected between the base member 41 and the
end cap 42 in a resilient, prefensed condition, o bend and conform to the lissus
surface they contact. in the illustrated embodiment, eight splines 44 form the three
dimensional structure 20, Additional or fewer splines 44 could be used in other
embodiments. As illustraied, each spline 44 carrigs sight mapping electrodes 24,
Additional or fewer mapping electrodes 24 could be disposed on each spling 44 in

other embodiments of the three dimensional structure 20. In the illusirated
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embodiment, the three dimensional structure 20 is relatively small {e.g., 40 mm or
less in diameter). In allermnative embodiments, the three dimensional structure 20 is
even smaller or larger (e.g., 40 mm in diameter or greater).

[0643] A slidable sheath 50 is movable along the major axis of the catheter
body 18. Moving the sheath 50 forward (i.e., toward the dislal end) causes the
sheath 50 to move over the three dimensional structure 20, thereby coliapsing the
structure 20 into a compact, low profile condition suitabie for introduction into and/or
removal from an interior space of an anatomical siruclure, such as, for example, the
hearl. In contrast, moving the sheath 50 rearward (i.e., toward the proximal end)
exposes the three dimensional structure 20, allowing the structure 20 to elastically
expand and assume the pretensed position illustrated in FIG. 2. Further details of
embodiments of the three dimensional structure 20 are disclosed in U.S. Pal. No.
5,647,870, entiled “Mulliple Electrode Support Structures,” which is hereby
exprassly incorporated herain by reference in its entirety.

[0044] A signal wire (not shown) is electrically coupled 1o each mapping
elecirode 24. The wires extend through the body 18 of the mapping catheter 20 into
a handle 54, in which they are coupled 1o an external connector 56, which may be a
multiple pin connector.  The conneclor 56 electrically couples the mapping
electrodes 24 fo the processing system 32. Further delails on mapping systems and
methods for processing signals generated by the mapping catheter are discussed in
&, Patent No. 6,070,084, entilled “Systems and Msthods for Guiding Movable
Electrode Elements within Multiple-Electrode Siructure,” U5, Patent No. 6,233,481,
entitied “Cardiac Mapping and Ablation Systems,” and U.S. Patent No. 8,735,465,
entitled “Systems and Processes for Refining a Registered Map of a Body Cavity,”
the disclosures of which are hereby expressly incorporated herein by reference.
[0045] it is noted that other multi-electrode slructures could be deployed on
the distal end of the mapping catheter 14, It is further noled that the mulliple
mapping electrodes 24 may be disposed on more than one structure rather than, for
example, the single mapping catheter 14 illustrated in FIG. 2. For example, i
mapping within the left atrium with multiple mapping slructures, an arrangement
comprising a coronary sinus catheler carrying multiple mapping electrodes and a
basket catheter carrying mulliple mapping slectrodes positioned in the left atrium
may be used. As ancther example, if mapping within the right atrium with muliiple

mapping structures, an arrangement comprising a decapolar catheter carrying
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multiple mapping electrodes for positioning in the coronary sinus, and a loop catheter
carrying muitiple mapping electrodes for positioning around the tricuspid annulus
may be used.

[0048] Although the mapping electrodes 24 have been described as being
carried by dedicated mapping probes, such as the mapping catheter 14, the mapping
electrodes may be carried on non-mapping dedicated probes or mubtifunction
probss. For example, an ablation catheter, such as the ablation cathster 16, can bs
configured to include one or more mapping electrodes 24 disposed on the distal end
of the catheler body and coupled to the signal processing system 32 and guidance
system (Nof shown in the figures). As another example, the ablation electrode at the
distal end of the ablation catheter may be coupled to the signal processing system
32 to also operate as 3 mapping elecirode.

[0047] To illustrate the operation of the system 10, FIG. 3 is a schematic side
view of an embodiment of the basket structure 20 including a plurality of mapping
gleclrodes 24, In the illustrated embodiment, the basket structure includes 64
mapping electredes 24, The mapping eleclrodes 24 are disposed in groups of eight
electrodes (labeled 1, 2, 3, 4, 5, 8, 7, and 8) on each of eight splines (labeled A, B,
C, D, E F, G, and H). While an arrangement of sixty-four mapping slectrodes 24 is
shown disposed on a baskel structure 20, the mapping electrodes 24 may
alternatively be arranged in different numbers, on different structures, andior in
different positions. In addition, multiple basket structures can be deployed in the
same or different analomical structures to simultaneously oblain signals from
different anatomical siructures.

[0348] After the basket structure 20 is positioned adjacent to the anafomical
structure {0 be trested {e.q., left atrium or left ventricle of the heart), the processing
system 32 is configured to record the activation signals from each elecirode 24
channel related to intringic physiclogical aclivity of the anatomical structure, Le. the
slectrodes 24 measure electrical activation signals intrinsic o the physiclogy of the
anatomical structure.

[0049] The processing system 32 is further configured to generate a persistent
display for output to the display device 40. The persisient display includes relevant
characteristics pertaining to the sensed activation signals in such a manner that the
relevant characteristics corresponding o an intrinsic event remains displayed or

persists untit the next intrinsic event. The persislent display is updated when a

10
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subsequent intrinsic event is detected; therefore, relevant characteristics of the
activation signals are not displayved during quiescent periods between the intrinsic
evenis. The infrinsic events may include a cardiac contraction or beat, myocardial
electrical activity, electrical signals within neurological pathways, a8 muscular
contraction, or the like.

(006507 Figs. 4 and 5 Hliustrate an example of a persistent display at a time
and a later time Mn, respectively, at which a subsequent intrinsic event has been
detected. During a real-time procedure, the display of FIG. 4 will remain persistent
until a ime period of n passes at which the subseqguent intrinsic event occurs and is
detected. The processing system 32 detects the infrinsic event and updates the
persistent display as shown in FIG. 5. Relevant characteristics may include any one
of an activation map 80z & 60b, a vector field showing propagation patierns 62a &
82b, a voltage propagation map such as a contour map of iso-polential lines bda &
84k which is shown overlaid the vector field but can be also be a separate display, a
phase propagation map such as a contour map of iso-phase lines which illustrates
the phase propagating across the field of electrodes 24, a derivative map which
flustrates the change in voltage over time across the field of electrodes 24, & two-
dimensional reliability map {(not shown} which indicates a reliability of an onsel
aclivation signal for each electrode channel during an intrinsic event under progress,
an gleclrogram 68a & 66b indicating the sensed activation signals at sach electrode
channel, and the like.

[0051] it should be noted that the persistent display can function in a playback
mode rather than a real-time mode such that the relevant characteristics remain
persistently display until a subsequent intrinsic event is detected whether before a
selected time {, as in a playback mode in a reverse direction, or after the selected ¢,
as in a playback mode in a forward direction or in real-time. The user interface of the
persistent display, as shown in FIGSE. 4 & 5, can also be configurable with varicus
selectable options 1o choose, for example, how many or which of the varicus
relevant characteristics 1o be displayed or to view a previcus intrinsic event or a
fulure intrinsic event (during a playback mode). Additionally, multiples of a relevant
characteristic can be displayed, such as three vectors figids or contour maps whare
one is designated to display a previous intrinsic event, another is designated o
display the most recent intrinsic event, and the final is designated to display a future

intringic event (during a playback mode). Other options may include highlighting

11
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similar inirinsic events based on morphology or a similarily melric based on cross-
correlation between the characteristic patiern representing each activity in the vector
field map or iso-polential contour map, a similarity metric based on rates of change
or patterns in propagation velocity between a given channel, and the like, in the
relevant characleristics, e.g. the electrogram. Ancther option for the persisient
display is to modify the veciors of the vector field such that various line weights or
colors can denote relationships with previous infrinsic events., A vector to vecior
cross correlation can be employed by the processing system 32 to generate the
changes in line weights or colors.

10452] The processing system 32 determines the most recent intrinsic event
before or after a selected time { The intrinsic event will be described in terms of a
cardiac contraction or heart beat (atrial or ventricular hear beat) but can include any
measureable electrical signals in a patient’s body inciuding, but not limited {o, muscle
contractions, neurclogical signals, and the like. The processing system 32 can
employ a number of methods o determine the most recent heart beal. In some
ermbodiments, the processing systermn 32 can determine the most recent heart beat
according o a median onset time for the sensed activation signals. An onset time
refers to a time stamp associated with each activation signal indicating the initiation
of the activation signal. When a heart beal occurs, the myocardial celis in a chamber
of inferest do not depolarize at the same time. Thereforg, the mapping electrodes 24
wiil sense activation signals at various fimes within a small window depending on
their location with respect lo, for exampie, an electrical impulse node. By taking the
median onset times of these activation signals, the processing system 32 can
approximate a time stamp for the corresponding heart beat. If the time stamp is the
same as the previcus heart beat, then a subseqguent heart beat has not been
detecied and the processing system does not updale the persisient display, i.e. the
inforrnation and/or data that is displayed persisis until a subsequent heart beat is
detecited. Once the processing system 32 detscis a median onset time which differs
from a median onset time of a previcusly detected heart beat, the processing system
32 updales the persistent display with relevant characleristics derived from the
activation signais associated with the current or most recently detected heart beat.
[0653] in some embodiments, the processing system 32 is configured o
determine the most recent beat calculate the sum of squares of the activation signals

across a plurality of mapping electrode 24 channels wherein the resultant composite

12
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signal peaks are indicalive of beat timings. Allernatively, the processing system 32
can determines the most recent heart beat according to a convolution of a train of
onset times for each electrode with a smoothing function such as a Gaussian
function. The convoluted functions c¢an be summed across a plurality of mapping
electrode 24 channels wherein the peaks on the summed or composite signal can
indicaie beat timings.

{0054] in some embodiments, the processing sysiem 32 determines the most
recent heart beat according to a morphology comparison between the activation
signals or relevant characteristics of a previous heart beat and the most recent heart
beat. If a significant change in the morphology is detected by the processing system
32, the relevant characteristics of the persistent display will be updated based on the
activation signals corresponding to the most recent heart beat,

[0055] Various modifications and additions can be made {o the exemplary
embodiments discussed without departing from the scope of the present invention.
For example, while the embodiments described above refer o particular features,
the scope of this invention also includes embodiments having different combinations
of features and embodiments that do not include all of the described features.
Accordingly, the scope of the present invention is intended to embrace all such
alternatives, maodifications, and variations as fall within the scope of the claims,

together with all equivalents thersof.



WO 2014/182680 PCT/US2014/036939

CLAIMS
We claim:
1. A method for mapping an anatomical structure, the method comprising:

sensing activation signals of intrinsic events with a plurality of electrodes

disposed in or near the anatomical siructure;

determining a most recent intrinsic event at a first time based on the sensed

activation signals;

generating a persistent display of at least one relevant characteristic of the

sensed activation signals of the most recent intrinsic event; and

updating the persistent display upon detection of a subsequent intrinsic event.

2. The method according to claim 1, wherein the persisient display is generated

in real-time as the activation signals are sensed.

3. The method according to claim 1, wherein the persistent display is generated
off line after a plurality of activation signals are recorded and the most recent inlrinsic

event is before or after the first timse.

4, The method according to claim 1, wherein the generated persistent display
includes at least one of an activation map, a veclor field representing an activation
pattern, a voliage propagation map representing voltage propagation pattern, a
pvhase propagation map representing phase propagation pattern, a derivative map
representing a pattem in a change of voltage over time, and a reliability map
representing a reliability pattern related to onset pick-up times of the activation
signals.

o

The method according to claim 1, further including:

determining an onset lime for the most recent activation signal at each of the

plurality of electrodes;

calculating a median onset time based on an average of the delermined onsset

fimes; and

14
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identifying the subsequent intrinsic event according to the calculated median

onset time.

©. The method according to claim 1, further including:
calculating a quadratic mean for the most recent aclivation signal for each of

the plurality of electrodes;

determining a peak value from a sum of the quadratic means across the

plurality of electrodes; and
identifying the subsequent intrinsic event according to the determined peak

value.

7. The method according to claim 1, further including:

determining an onset lime for the most recent activation signal at each of the

plurality of electrodes;
convolving the onset times with a smoothing function;

determining a peak value from a sum of the convolved signals across the

plurality of electrodes; and
identifving the subsequent intrinsic event according to the determined peak

value.

8. The method according to claim 1, further including:

determining a morphology for each intrinsic event;

comparing the morphology of the most recent intrinsic event with a previous

intrinsic event; and

updating the persistent dispiay based on changes in morphoiogy between the

most recent and previous infrinsic event.
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9. The method according fo claim 1, wherein the persisient display is updated

upon the detection of a plurality of subsequent intrinsic events.

10. A method for cardiac mapping, the method comprising:

sensing aclivation signals of cardiac activity with a plurality of electrodes

disposed in or near in myocardial tissug;
detecting a most recent heart beat based on the sensed activation signals;

generating a persistent display of at least one relevant characteristic
associated with the sensed activation signals of the most recent heart

beat; and

updating the persistent dispiay upon detection of a subsequent heart beal.

11.  The method according to claim 10, whersin generated persistent display
includes at least one of an activation map, a veclor field representing an activation
pattern, a voliage propagation map representing voltage propagation pattern, a
pvhase propagation map representing phase propagation pattern, a derivative map
representing a pattem in a change of voltage over time, and a reliability map
representing a reliabiiity pattern related to onset pick-up times of the activation

signals.

12.  The method according to claim 10, further including:

determining an onset time for a most recent activation signal at each of the

plurality of electrodes;

calculating a median onset time based on an average of the delermined onsset

fimes; and

detecting the subsequent heart beat based on the calculated median onset

fima.

13.  The method according to claim 10, further including:

16
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14.

16.

calculating 8 guadratic mean for a most recent activation signal for each of the

plurality of electrodes;

determining a peak value from a sum of the quadratic means across the

plurality of electrodes; and

detecting the subseguent heart beat based on the determined peak value.

The method according o claim 10, further including:
determining an onset time for a most recent activation signal for each of the
plurality of electrodes;

convolving the onset times with a smoothing funclion;

determining a peak value from a sum of the convolved signals across the

plurarity of electrodes; and

detecting the subsequent heart beat according to the determined peak valus.

The method according to claim 10, further including:
determining a morphology for each hear;

comparing the morphology of the most recent heart beat with a previous heart

baat; and

updating the persistent display based on changes in morphology between the

most recent and pravicus heart beat.

An anatorical mapping system comprising:

a plurality of mapping elecirodes configured (o detect activation signals of
intrinsic events within an anatomical structure, each of the plurality of

mapping slectrodes having an electrode location;

a processing system associated with the plurality of mapping electrodes, the
processing system configured to record the detected activation signals

and associate at least one of the plurality of mapping electrodes with

17
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each recorded activation signal, the processing system further
configured to determine a most recent intrinsic event, o generale a
persistent display of at least one relevant characteristic of the detected
activation signals of the most recent intrinsic event, and to update the
persistent display with at least one relevant characteristic of a

subsequent intrinsic event.

17.  The anatomical system according to claim 16, wherein the persisient display
includes at least one of an activation map, a veclor field representing an activation
pattern, a voliage propagation map representing voltage propagation pattern, a
pvhase propagation map representing phase propagation pattern, a derivative map
representing a pattem in a change of voltage over time, and a reliability map
representing a reliability patiern related to onset pick-up times of the actlivation

signals.

18.  The anatomical system according 1o claim 16, whersin, to determine the most
recent intrinsic event, the processing system is further configured to determine an
onset time for the most recent activation signal at each of the plurality of electrodes,
and 1o calculate a median onset time based on an average of the determined onset

fimes.

18.  The anatomical system according to claim 18, wherein, 1o determine the most
recent intrinsic event, the processing sysiem is further configured to calculate a
quadratic mean for the most recent activation signal for each of the plurality of
electrodes, and to determing a peak value from a sum of the guadratic means across

the plurality of mapping eleclrodes.

20.  The anatomical system according to claim 18, whersin, to determine the most
recent intrinsic event, the processing systemn is further configured to determine an
onset fime for the most recent activation signal at each of the plurality of electrodes,
convolve the onset times with a smoothing function, and determine a peak value

from a sum of the convolved signals across the plurality of electrodes.

18
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