EP 3 383 257 B1

Patent Office

Sy @1y EP 3383257 B1

(1 9) ’ e "llmlmllHH||m||‘||mllHmmllHHlH"”Hmllm‘"H‘mll‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 5/00 (2006.01) A61B 5/0452(2006.01)
25.03.2020 Bulletin 2020/13 GOGF 17/14 (200609
(21) Application number: 17708643.6 (86) International application number:
PCT/US2017/018659

(22) Date of filing: 21.02.2017
(87) International publication number:

WO 2017/151347 (08.09.2017 Gazette 2017/36)

(54) METHODS AND SYSTEMS FOR MAPPING CARDIAC ACTIVITY
VERFAHREN UND SYSTEME ZUR KARTIERUNG DER HERZAKTIVITAT
PROCEDES ET SYSTEMES DE CARTOGRAPHIE DE L’ACTIVITE CARDIAQUE

(84) Designated Contracting States: » AFONSO, Valtino X.
AL ATBE BG CH CY CZDE DKEE ES FIFRGB Oakdale, Minnesota 55128 (US)
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR (74) Representative: Kramer Barske Schmidtchen
Patentanwalte PartG mbB
(30) Priority: 01.03.2016 US 201662301866 P European Patent Attorneys
Landsberger Strasse 300
(43) Date of publication of application: 80687 Miinchen (DE)

10.10.2018 Bulletin 2018/41
(56) References cited:

(73) Proprietor: St. Jude Medical, Cardiology Division, WO-A1-2015/164833  US-A1-2010 274 148
Inc. US-A1-2011 077 538  US-A1-2012 289 846
St. Paul, MN 55117 (US) US-A1-2015 272 464 US-A1-2016 022 164

(72) Inventors:
* RELAN, Jatin S.
33400 Bordeaux (FR)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 383 257 B1 2

Description
Background

[0001] US 2015/0272464 A1 relates to subject moni-
toring, in particular to determining and/or controlling a
condition of a subject using measures of cardiac activity.
[0002] US2010/0274148 A1 relates to techniques for
distinguishing between treatable and non-treatable heart
rhythms.

[0003] The instant disclosure relates to electrophysio-
logical mapping, such as may be performed in cardiac
diagnostic and therapeutic procedures. In particular, the
instant disclosure relates to systems, apparatuses, and
methods for mapping multi-component cardiac activity.
[0004] While mapping within and around scar or wall
thinning, such as in subjects with Ischemic or Dilated
Cardiomyopathy, sharp fractionated bi-polar potentials
representing the local near-field activity can appear to be
fused with the far-field electrogram. These sharp poten-
tials often take one of two morphology forms. In Form 1,
the near-field potentials are separated from the far-field
potentials by an isoelectric line and extend beyond the
QRS end of a surface ECG. In Form 2, the near-field
potentials appear fused with the far-field potential and
buried within the QRS activity of the surface ECG.
[0005] It would be desirable to be able to detect such
multi-component signals and to decouple the various
components thereof.

BRIEF SUMMARY

[0006] The invention, the scope of which is solely de-
fined by the appended claims, comprises a method of
mapping cardiac activity, including: receiving an electro-
gram signal S(t) at a signal processor; and using the sig-
nal processor: transforming the electrogram signal S(t)
into the wavelet domain, thereby computing a scalogram
G(f, t); computing at least one energy function L(t) of the
scalogram G(f, t); and computing at least one metric of
the electrogram signal S(t) using the at least one energy
function L(t). The electrogram signal S(t) can be trans-
formed into the wavelet domain by applying a continuous
wavelet transformation to the electrogram signal S(t) to
compute the scalogram G(f, t). Further, values of G(f, t)
less than a preset noise threshold can be set to zero.
The method can also include generating a graphical rep-
resentation of the at least one metric of the electrogram
signal S(t) on a cardiac model.

[0007] In examples, the at least one energy function
L(t) is of form L(t) = X G(f,t), where f can be between 0
Hz and 1000 Hz. According to other aspects of the dis-
closure, fcan be within a cardiac activity frequency range
defined by a preset lower frequency limit and a preset
upper frequency limit.

[0008] Itis contemplated that the step of computing at
least one metric of the electrogram signal S(t) using the
at least one energy function L(t) can include computing
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a QRS activity duration for the electrogram signal S(t),
such as by: computing a pulse wave LPulse(t) having a
pulse duration according to an equation

LPu!se@) = {1; if L{t) > 0,
0, otherwise’
QRS activity duration for the electrogram signal S(t) to
be equal to the pulse duration.
[0009] The method can also include: detecting a plu-
rality of local maximum peaks in the at least one energy
function L(t); and categorizing each local maximum peak
of the plurality of local maximum peaks as a near-field
peak, a far-field peak, or a noise peak. For example, a
local maximum peak can be categorized a near-field
peak if the at least one energy function L(t) exceeds a
preset near field threshold at the local maximum peak;
as a far-field peak if the at least one energy function L(t)
exceeds a preset far field threshold and not the preset
near field threshold at the local maximum peak; and as
a noise peak otherwise.
[0010] In other embodiments disclosed herein, the
step of computing at least one metric of the electrogram
signal S(t) using the at least one energy function L(t) in-
cludes computing at least one of a near-field component
duration and a far-field component duration for the elec-
trogram signal S(t) by a method including the following
steps: computing a pulse wave LPulse(t) having one or
more pulses according to an equation

prulse(sy = {1’ if L) > 0, and for each pulse of
{0, otherwise’

the one or more pulses of the pulse wave LPulse(t): if the
pulse includes a near-field peak, defining the near-field
component duration for the electrogram signal S(t) to be
equal to a duration of the pulse; and if the pulse includes
a far-field peak, defining the far-field component duration
for the electrogram signal S(t) to be equal to the duration
of the pulse.

[0011] Instill further embodiments, the step of comput-
ing atleast one metric of the electrogram signal S(t) using
the at least one energy function L(t) can include comput-
ing a number of multiple components for the electrogram
signal S(t), wherein the number of multiple components
for the electrogram signal S(t) is defined to be equal to
a total number of the plurality of local maximum peaks in
the at least one energy function L(t).

[0012] In yet further embodiments of the disclosure,
the step of computing at least one metric of the electro-
gram signal S(t) using the at least one energy function
L(t) can include computing a slope of a sharpest compo-
nent of the electrogram signal S(t). This can be accom-
plished, for example, by: identifying a maximum energy
near-field peak of the plurality of local maximum peaks
in the at least one energy function L(t); computing a max-
imum value of a first derivative S'(t) of the electrogram
signal S(t) within a preset refractory window surrounding
the maximum energy near-field peak; and defining the
maximum value of the first derivative S’(t) of the electro-

and defining the
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gram signal S(t) within the preset refractory window as
the slope of the sharpest component of the electrogram
signal S(t). Alternatively, a scalogram width can be used
to determine the slope of the sharpest component.
[0013] In still further embodiments disclosed herein,
the step of computing at least one energy function L(t)
of form L(f) = X G(f,t) includes: computing a high frequen-
cy energy function LH9h(t) = > G(fHigh t); and computing
alow frequency energy function LLoOW(t) = ¥ G(fLoW,t); and
computing at least one metric of the electrogram signal
S(t) using the at least one energy function L(t) includes
computing a ratio of LHig(t) to LLow(t). High can be be-
tween 60 Hz and 300 Hz and -°W can be between 10 Hz
and 60 Hz.

[0014] Itis also contemplated that the step of comput-
ing at least one metric of the electrogram signal S(t) using
the at least one energy function L(t) can include comput-
ing a cycle-length based metric using the ratio of LHigh(t)
to LLow(t). For example, computing the cycle-length
based metric using the ratio of LHig(t) to LLoW(t) can in-
clude computing the cycle-length based metricbased up-
on a plurality of local activation times detected when the
ratio of LHigh(t) to LLow(t) exceeds a preset threshold.
[0015] Also disclosed herein is a system for mapping
cardiac activity, including: a wavelet transformation proc-
essor configured: to receive an electrogram S(t); to trans-
form the electrogram signal S(t) into the wavelet domain,
thereby computing a scalogram G(f, t); and to compute
at least one energy function L(t) of the scalogram G(f, t);
and a mapping processor configured to compute at least
one metric of the electrogram signal S(t) in the wavelet
domain using the at least one energy function L(t). The
mapping processor can be further configured to output
a graphical representation of the at least one metric of
the electrogram signal S(t) on a cardiac model. The at
least one metric of the electrogram signal S(t) can be
selected from the group consisting of: a QRS activity du-
ration for the electrogram signal S(t); a near-field com-
ponent duration for the electrogram signal S(t); a far-field
component duration for the electrogram signal S(t); a
number of multiple components for the electrogram sig-
nal S(t); a slope of a sharpest component of the electro-
gram signal S(t); a scalogram width; an energy ratio in
the electrogram signal S(t); and a cycle-length based
metric of the electrogram signal S(t).

[0016] The foregoing and other aspects, features, de-
tails, utilities, and advantages of the present invention
will be apparent from reading the following description
and claims, and from reviewing the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]
Figure 1is a schematic of an electrophysiology sys-

tem, such as may be used in an electrophysiology
study including mapping cardiac repolarization ac-
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tivity.

Figure 2 depicts an exemplary multi-electrode cath-
eter used in an electrophysiology study.

Figure 3 is a flowchart of representative steps that
can be followed to map cardiac activity.

Figure 4 depicts an electrogram from healthy tissue
and the corresponding scalogram.

Figure 5A depicts an energy function of the scalo-
gram of Figure 4.

Figure 5B depicts a bounded energy function of the
scalogram of Figure 4.

Figure 6A depicts an electrogram having morpholo-
gy Form 1 and the corresponding scalogram.
Figure 6B depicts a bounded energy function of the
scalogram of Figure 6A.

Figure 7A depicts an electrogram having morpholo-
gy Form 2 and the corresponding scalogram.
Figure 7B depicts a bounded energy function of the
scalogram of Figure 7A.

Figure 8 is a flowchart of representative steps that
can be followed to identify and categorize peaks in
an energy function.

DETAILED DESCRIPTION

[0018] The present invention provides methods and
systems for the creation of electrophysiology maps (e.g.,
electrocardiographic maps) that provide information re-
garding cardiac activity. Certain examples of the disclo-
sure will be explained with reference to the use of bipolar
electrograms to create electrophysiology maps of wave-
let domain metrics. It should be understood, however,
that the teachings herein can be applied in other contexts
where it is desirable to discern a localized phenomenon
from a far-field phenomenon. For example, the teachings
herein can be applied to differentiate fetal cardiac signals
from maternal cardiac signals or to differentiate localized
brain activity from more distant brain activity in an elec-
troencephalogram ("EEG").

[0019] Figure 1 shows a schematic diagram of an elec-
trophysiology system 8 for conducting cardiac electro-
physiology studies by navigating a cardiac catheter and
measuring electrical activity occurring in a heart 10 of a
patient 11 and three-dimensionally mapping the electri-
cal activity and/or information related to or representative
of the electrical activity so measured. System 8 can be
used, for example, to create an anatomical model of the
patient’s heart 10 using one or more electrodes. System
8 can also be used to measure electrophysiology data,
including, but not limited to, electrical activation data
(e.g., local activation time ("LAT")), at a plurality of points
along a cardiac surface and store the measured data in
association with location information for each measure-
ment point at which the electrophysiology data was
measured, for example to create an electrophysiology
map of the patient’s heart 10 (or a portion thereof).
[0020] As one of ordinary skill in the art will recognize,
and as will be further described below, system 8 can de-
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termine the location, and in some aspects the orientation,
of objects, typically within a three-dimensional space,
and express those locations as position information de-
termined relative to at least one reference.

[0021] For simplicity of illustration, the patient 11 is de-
picted schematically as an oval. In the example shown
in Figure 1, three sets of surface electrodes (e.g., patch
electrodes) are shown applied to a surface of the patient
11, defining three generally orthogonal axes, referred to
herein as an x-axis, a y-axis, and a z-axis. In other ex-
amples the electrodes could be positioned in other ar-
rangements, for example multiple electrodes on a par-
ticular body surface. As a further alternative, the elec-
trodes do not need to be on the body surface, but could
be positioned internally to the body or on an external
frame.

[0022] InFigure 1, the x-axis surface electrodes 12, 14
are applied to the patient along a first axis, such as on
the lateral sides of the thorax region of the patient (e.g.,
applied to the patient’s skin underneath each arm) and
may be referred to as the Left and Right electrodes. The
y-axis electrodes 18, 19 are applied to the patient along
a second axis generally orthogonal to the x-axis, such
as along the inner thigh and neck regions of the patient,
and may be referred to as the Left Leg and Neck elec-
trodes. The z-axis electrodes 16, 22 are applied along a
third axis generally orthogonal to both the x-axis and the
y-axis, such as along the sternum and spine of the patient
in the thorax region, and may be referred to as the Chest
and Back electrodes. The heart 10 lies between these
pairs of surface electrodes 12/14, 18/19, and 16/22.
[0023] An additional surface reference electrode (e.g.,
a "belly patch") 21 provides a reference and/or ground
electrode for the system 8. The belly patch electrode 21
may be an alternative to a fixed intra-cardiac electrode
31, described in further detail below. It should also be
appreciated that, in addition, the patient 11 may have
most or all of the conventional electrocardiogram ("ECG"
or "EKG") system leads in place. In certain examples a
standard set of 12 ECG leads may be utilized for sensing
electrocardiograms on the patient’s heart 10. This ECG
information is available to the system 8 (e.g., it can be
provided as input to computer system 20). Insofar as
ECG leads are well understood, and for the sake of clarity
in the figures, only one lead 6 and its connection to com-
puter system 20 is illustrated in Fig. 1.

[0024] Arepresentative catheter 13 having atleastone
electrode 17 (e.g., a distal electrode) is also depicted in
schematic fashion in Figure 1. This representative cath-
eter electrode 17 can be referred to as a "measurement
electrode" or a "roving electrode." Typically, multiple
electrodes on catheter 13, or on multiple such catheters,
will be used. In one example, system 8 may utilize sixty-
four electrodes on twelve catheters disposed within the
heart and/or vasculature of the patient.

[0025] Inother examples, system 8 may utilize a single
catheter that includes multiple (e.g., eight) splines, each
of which in turn includes multiple (e.g., eight) electrodes.
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Of course, these disclosures are merely exemplary, and
any number of electrodes and catheters may be used.
Indeed, in some examples, a high density mapping cath-
eter, such as the EnSite™ Array™ non-contact mapping
catheter of St. Jude Medical, Inc., can be utilized.
[0026] Likewise, it should be understood that catheter
13 (or multiple such catheters) are typically introduced
into the heart and/or vasculature of the patient via one
or more introducers and using familiar procedures. For
purposes of this disclosure, a segment of an exemplary
multi-electrode catheter 13 is shown in Figure 2. In Figure
2, catheter 13 extends into the left ventricle 50 of the
patient’s heart 10 through a transseptal sheath 35. The
use of a transseptal approach to the left ventricle is well
known and will be familiar to those of ordinary skill in the
art, and need not be further described herein. Of course,
catheter 13 can also be introduced into the heart 10 in
any other suitable manner.

[0027] Catheter 13 includes electrode 17 on its distal
tip, as well as a plurality of additional measurement elec-
trodes 52, 54, 56 spaced along its length in the illustrated
example. Typically, the spacing between adjacent elec-
trodes will be known, though it should be understood that
the electrodes may not be evenly spaced along catheter
13 or of equal size to each other. Since each of these
electrodes 17, 52, 54, 56 lies within the patient, location
data may be collected simultaneously for each of the
electrodes by system 8.

[0028] Similarly, each of electrodes 17, 52, 54, and 56
can be used to gather electrophysiological data from the
cardiac surface. The ordinarily skilled artisan will be fa-
miliar with various modalities for the acquisition and
processing of electrophysiology data points (including,
for example, both contact and non-contact electrophys-
iological mapping and the collection of both unipolar and
bipolar electrograms), such that further discussion there-
of is not necessary to the understanding of the cardiac
repolarization activity mapping techniques disclosed
herein. Likewise, various techniques familiar in the art
can be used to generate a graphical representation from
the plurality of electrophysiology data points. Insofar as
the ordinarily skilled artisan will appreciate how to create
electrophysiology maps from electrophysiology data
points, the aspects thereof will only be described herein
to the extent necessary to understand the maps dis-
closed herein.

[0029] Returning now to Figure 1, in some examples,
a fixed reference electrode 31 (e.g., attached to a wall of
the heart 10) is shown on a second catheter 29. For cal-
ibration purposes, this electrode 31 may be stationary
(e.g., attached to or near the wall of the heart) or disposed
in a fixed spatial relationship with the roving electrodes
(e.g., electrodes 17, 52, 54, 56), and thus may be referred
to as a "navigational reference" or "local reference." The
fixed reference electrode 31 may be used in addition or
alternatively to the surface reference electrode 21 de-
scribed above. In many instances, a coronary sinus elec-
trode or other fixed electrode in the heart 10 can be used
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as a reference for measuring voltages and displace-
ments; that is, as described below, fixed reference elec-
trode 31 may define the origin of a coordinate system.
[0030] Each surface electrode is coupled to a multiplex
switch 24, and the pairs of surface electrodes are select-
ed by software running on a computer 20, which couples
the surface electrodes to a signal generator 25. Alter-
nately, switch 24 may be eliminated and multiple (e.g.,
three) instances of signal generator 25 may be provided,
one for each measurement axis (that is, each surface
electrode pairing).

[0031] The computer 20, for example, may comprise
aconventional general-purpose computer, a special-pur-
pose computer, a distributed computer, or any other type
of computer. The computer 20 may comprise one or more
processors 28, such as a single central processing unit
(CPU), or a plurality of processing units, commonly re-
ferred to as a parallel processing environment, which
may execute instructions to practice the various aspects
disclosed herein.

[0032] Generally, three nominally orthogonal electric
fields are generated by a series of driven and sensed
electric dipoles (e.g., surface electrode pairs 12/14,
18/19, and 16/22) in order to realize catheter navigation
in a biological conductor. Alternatively, these orthogonal
fields can be decomposed and any pairs of surface elec-
trodes can be driven as dipoles to provide effective elec-
trode triangulation. Likewise, the electrodes 12, 14, 18,
19, 16, and 22 (or any other number of electrodes) could
be positioned in any other effective arrangement for driv-
ing a current to or sensing a current from an electrode in
the heart. For example, multiple electrodes could be
placed on the back, sides, and/or belly of patient 11. For
any desired axis, the potentials measured across the rov-
ing electrodes resulting from a predetermined set of drive
(source-sink) configurations may be combined algebra-
ically to yield the same effective potential as would be
obtained by simply driving a uniform current along the
orthogonal axes.

[0033] Thus, any two of the surface electrodes 12, 14,
16, 18, 19, 22 may be selected as a dipole source and
drain with respect to a ground reference, such as belly
patch 21, while the unexcited electrodes measure volt-
age with respectto the ground reference. The roving elec-
trodes 17, 52, 54, 56 placed in the heart 10 are exposed
to the field from a current pulse and are measured with
respect to ground, such as belly patch 21. In practice the
catheters within the heart 10 may contain more or fewer
electrodes than the four shown, and each electrode po-
tential may be measured. As previously noted, at least
one electrode may be fixed to the interior surface of the
heart to form a fixed reference electrode 31, which is also
measured with respect to ground, such as belly patch
21, and which may be defined as the origin of the coor-
dinate system relative to which localization system 8
measures positions. Data sets from each of the surface
electrodes, the internal electrodes, and the virtual elec-
trodes may all be used to determine the location of the

10

15

20

25

30

35

40

45

50

55

roving electrodes 17, 52, 54, 56 within heart 10.

[0034] The measured voltages may be used by system
8 to determine the location in three-dimensional space
of the electrodes inside the heart, such as roving elec-
trodes 17, 52, 54, 56, relative to a reference location,
such as reference electrode 31. That is, the voltages
measured at reference electrode 31 may be used to de-
fine the origin of a coordinate system, while the voltages
measured at roving electrodes 17, 52, 54, 56 may be
used to express the location of roving electrodes 17, 52,
54, 56 relative to the origin. In some examples, the co-
ordinate system is a three-dimensional (x, y, z) Cartesian
coordinate system, although other coordinate systems,
such as polar, spherical, and cylindrical coordinate sys-
tems, are contemplated.

[0035] As should be clear from the foregoing discus-
sion, the data used to determine the location of the elec-
trode(s) within the heart is measured while the surface
electrode pairs impress an electric field on the heart. The
electrode data may also be used to create a respiration
compensation value used to improve the raw location
data for the electrode locations as described in United
States patent no. 7,263,397. electrode data may also be
used to compensate for changes in the impedance of the
body of the patient as described, for example, in United
States patent no. 7,885,707.

[0036] Inone example, the system 8 first selects a set
of surface electrodes and then drives them with current
pulses. While the current pulses are being delivered,
electrical activity, such as the voltages measured with at
least one of the remaining surface electrodes and in vivo
electrodes, is measured and stored. Compensation for
artifacts, such as respiration and/or impedance shifting,
may be performed as indicated above.

[0037] Inanexample, system 8 is the EnSite™ Veloc-
ity™ cardiac mapping and visualization system of St.
Jude Medical, Inc., which generates electrical fields as
described above, or another localization system that re-
lies upon electrical fields, Other localization systems,
however, may be used in connection with the present
teachings, including for example, systems that utilize
magnetic fields instead of or in addition to electrical fields
for localization. Examples of such systems include, with-
outlimitation, the CARTO navigation and location system
of Biosense Webster, Inc., the AURORA® system of
Northern Digital Inc., Sterotaxis’ NIOBE® Magnetic Nav-
igation System, as well as MediGuide™ Technology and
the EnSite Precision™ system, both from St. Jude Med-
ical, Inc.

[0038] The localization and mapping systems de-
scribed in the following patents can also be used with the
present invention: United States Patent Nos. 6,990,370;
6,978,168; 6,947,785; 6,939,309; 6,728,562; 6,640,119;
5,983,126; and 5,697,377.

[0039] One basic methodology of mapping cardiac ac-
tivity will be explained with reference to the flowchart 300
of representative steps presented as Figure 3. In some
embodiments, for example, flowchart 300 may represent
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several exemplary steps that can be carried out by the
computer 20 of Figure 1 (e.g., by one or more processors
28 executing one or more specialized modules, such as
a wavelet transformation processor executing a wavelet
transformation module as further described below) to
generate a map of cardiac activity as described herein.
It should be understood that the representative steps de-
scribed below can be hardware-implemented, software-
implemented, or both. For the sake of explanation, the
term "signal processor" is used herein to describe both
hardware- and software-based implementations of the
teachings herein. Likewise, it should be understood that
the teachings herein can be executed on a single CPU,
which may have one or more threads, or distributed
across multiple CPUs, each of which may have one or
more threads, in a parallel processing environment.
[0040] Instep 302, an electrogram signal, denoted S(t)
(and illustrated as trace 402 in panel A of Figure 4), is
received at a signal processor (e.g., by one or more proc-
essors 28 within computer 20). According to aspects of
the disclosure, the electrogram signal S(t) is a bipolar
signal. It is contemplated, however, that the teachings
herein can also be applied to unipolar electrogram sig-
nals and/or to monophasic action potential ("MAP") sig-
nals.

[0041] Inblock 304, the electrogram signal S(t)is trans-
formed into the wavelet domain, which computes a scalo-
gram G(f, t) (illustrated as scalogram 404 in panel B of
Figure 4). More specifically, G(f, t) can be computed for
a preset window, referred to herein as a "Roving Activa-
tion Interval" ("RAI") about a reference time point, re-
ferred to herein as T According to aspects disclosed
herein, T corresponds to QRS activity detected using
a user-defined reference cardiac signal, such as the sig-
nal from an EKG lead or the signal from an in vivo refer-
ence electrode.

[0042] Likewise, the width of the RAI can be user-de-
fined. According to aspects of the disclosure, the RAl is
between about 100 ms and about 300 ms wide.

[0043] For purposes of illustration, the figures herein
are displayed in the full width of an exemplary RAI cen-
tered about an exemplary T 4.

[0044] In an example, block 304 applies a continuous
wavelet transform to the electrogram signal S(t). The
mother wavelet used in the wavelet transform can be a
high time-resolution mother wavelet, such as a Paul
wavelet, or a high frequency-resolution mother wavelet,
such as a Morlet wavelet, both of which will be familiar
to those of ordinary skillin the art. Of course, other mother
wavelets can also be employed without departing from
the scope of the instant teachings. The teachings herein
can also be applied using discrete wavelet transforms.
[0045] If desired, noise can be removed from the scalo-
gram G(f, t) in block 306. For example, the energy am-
plitudes within the RAI can be normalized to values be-
tween 0 and 1, with the highest energy amplitude within
the RAI corresponding to 1. Once the energy amplitudes
have been so normalized, values of G(f, t) less than a
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preset, and optionally user-defined, noise threshold,
such as about 0.2, can be set to zero, and thus eliminated
from the scalogram G(f, t).

[0046] In block 308, at least one energy function L(t)
is computed of the scalogram G(f, t). The at least one
energy function can be of form L(t) = XG(f,1).

[0047] In some examples, franges from about 0 Hz to
about 1000 Hz. This frequency range will capture typical
cardiac QRS activity. Figure 5A depicts an energy func-
tion 502 of scalogram 404 in Figure 4 where f ranges
from about 0 Hz to about 1000 Hz.

[0048] In other embodiments of the invention, f covers
acardiac activity frequency range between a presetlower
frequency limit and a preset upper frequency limit. These
embodiments are referred to herein as "bounded energy
function" embodiments, and are advantageous in the
context of capturing and decoupling near-field and far-
field components of the electrogram signal S(t). One ex-
emplary bounded energy function has a preset lower fre-
quency limit of about 100 Hz and a preset upper frequen-
cy limit of about 700 Hz; Figure 5B depicts such a bound-
ed energy function 504 of scalogram 404 in Figure 4.
[0049] In still other embodiments of the invention, the
at least one energy function L(t) is an energy frequency
function. The energy frequency function can be of form
LFrea(ty = f, where f is the highest frequency, between
about 0 Hz and about 1 000 Hz, at which the scalogram
G(f, t) exceeds a preset (e.g., user-defined) peak thresh-
old (e.g., about 90 Hz for a near-field peak threshold and
about 70 Hz for a far-field peak threshold).

[0050] In block 310, at least one metric of the electro-
gram signal S(t) is computed in the wavelet domain using
the energy function(s) L(t). Several metrics are described
in further detail below.

[0051] Cardiac Activity Duration. A first metric that can
be computed in the wavelet domain using the energy
function(s) L(t) is the cardiac activity duration, denoted
TOARS throughout the Figures. To compute the cardiac
activity duration, the energy function L(t) can be convert-

ed to a pulse wave LPuset),  where
IPuise (t) — 21; lf I-‘(t> >0 TQRS can then be
0, otherwise’

defined as the duration of the pulse wave LPulse(t).
[0052] Duration of Near- and Far-Field Components.
A second metric that can be computed in the wavelet
domain using the energy function(s) L(t), and in particular
abounded energy function L(t), is the duration of multiple
near- and far-field components. An initial step in comput-
ing this metric is to detect near-field and far-field activity
peaks in the energy function L(t).

[0053] Thus, for example, a plurality of local maximum
peaks can be detected in the energy function L(t), and
each local maximum peak can be categorized as a near-
field peak, a far-field peak, or a noise peak, according to
the following logic, which is depicted in flowchart 800 in
Figure 8:
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¢ Inblock 802, alocal maximum peak can be identified;

* Inblock 804, L(t) at the peak can be compared to a
far field threshold; if it does not exceed the far field
threshold, then the peak can be categorized as a
noise peak and discarded (block 806);

* Inblock 806, L(t) at the peak can be compared to a
near field threshold; if it exceeds the near field thresh-
old, then the peak can be categorized as a near field
peak (block 810);

e Otherwise, the peak can be categorized as a far field
peak (block 812).

[0054] Insome examples, the preset far field threshold
is about 2.5 times the length of the electrogram signal
S(t) and the preset near field threshold is about 5 times
the length of the electrogram signal S(t).

[0055] Referring again tobounded energy function 504
in Figure 5B, peak 508 exceeds both the far field thresh-
old 510 and the near field threshold 512, and therefore
would be categorized as a near-field peak.

[0056] Similar logic can be used to categorize peaks
within the energy frequency function Lfeq(t) described
above as far field, near field, or noise, for example using
the peak thresholds discussed above.

[0057] Once the peaks are categorized, it is possible
to compute a near-field component duration and/or a far-
field component duration for the electrogram signal S(t).
The energy function (e.g., bounded energy function 502
in Figure 5B) can be converted to a pulse wave LPulse(t)

having one or more pulses, where
I‘Puise(:t) — {1; if L(t) > O.
’ L0, otherwise

[0058] The number of pulses in LPUse(t) is dependent
upon the morphology of the electrogram signal S(t). If
electrogram signal S(t) is from healthy tissue with a single
sharp QRS activity, such as signal 402 in Figure 4,
LPulse(t) will have a single pulse.

[0059] If the electrogram signal S(t) is of Form 1 de-
scribed above, such as signal 602 in panel A of Figure
6A, LPulse(t) will have multiple pulses, which result from
the multiple peaks 604 (far-field peak), 606 (near-field
peak), 608 (far-field peak) shown in bounded energy
function 610 in Figure 6B.

[0060] If the electrogram signal S(t) is of Form 2 de-
scribed above, such as signal 702 in panel A of Figure
7A, LPulse(t) will again have only a single pulse, because
the peaks 704 (near-field peak), 706 (near-field peak),
708 (far-field peak), and 710 (noise peak) of bounded
energy function 712 (see Figure 7B) will be fused togeth-
er.

[0061] If a pulse in LPulse(t) includes a near-field peak
(e.g., peak 508 in Figure 5B; peak 606 in Figure 6B; peaks
704 and 706 in Figure 7B), then the near-field component
duration for the electrogram signal S(t) can be defined
to be equal to the duration of the pulse. This is denoted
throughout the Figures as TMC1,

[0062] If, onthe other hand, a pulse in LPUlse(t) includes
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a fear-field peak but not a near-field peak (e.g., peak 608
in Figure 6B), then the far-field component duration for
the electrogram signal S(t) can be defined to be equal to
the duration of the pulse. This is denoted in Figures 6A
and 6B as TMC2,

[0063] Number of Multiple Components. A third metric
that can be computed in the wavelet domain using the
energy function(s) L(t) is the number of components
present in the electrogram signal S(t). A plurality of local
maximum peaks can be detected in the energy function
L(t), and each local maximum peak can be categorized
as a near-field peak, a far-field peak, or a noise peak, as
described above. The total number of near-field and far-
field peaks in the energy function L(t) (that is, the total
number of local maximum peaks excluding noise peaks)
can be defined to be the number of multiple components
for the electrogram signal S(t).

[0064] Slope ofthe Sharpest Component. Afourth met-
ric that can be computed in the wavelet domain using the
energy function(s) L(t) is the slope of the sharpest com-
ponent of the electrogram signal S(t). This can be com-
puted by first identifying the maximum energy near-field
peak of the plurality of local maximum peaks in the energy
function L(t). With reference to Figures 5B, 6B, and 7B,
the maximum energy near-field peaks are peaks 508,
606, and 704, respectively.

[0065] Once the maximum energy near-field peak has
been identified, S(t) can be examined within a preset re-
fractory window about the peak to determine the maxi-
mum slope thereof. More particularly, a maximum value
of the first derivative S’(t) of the electrogram signal S(t)
can be computed within the refractory window, and this
maximum value of S’(t) can be defined as the slope of
the sharpest component of S(t). In embodiments of the
disclosure, the refractory window extends about 5 ms to
either side of the peak (e.g., the refractory window is
about 10 ms wide, centered on the peak).

[0066] Scalogram Width. The slope of the sharpest
component of the electrogram signal S(t) can also be
inferred from the width of the scalogram G(f, t). The nar-
rower the width of a peak in the scalogram G(f, t) corre-
sponding to a peak in the electrogram signal S(t), the
sharper the slope of the electrogram signal S(t) about
that peak.

[0067] For example, referring to peaks 609, 611 in
electrogram signal 602 in panel A of Figure 6A, the width
of the scalogram 603 in panel B has two corresponding
peaks 605, 607. Because the width of peak 605 is nar-
rower than that of peak 607, the slope of electrogram
signal 602 is sharper about peak 609 than itis about peak
611. This relationship is also visible in Figure 6B in the
relative widths of the pulse durations TMC1 gnd TMC2
about peaks 606 and 608, respectively.

[0068] Energy Ratio. Yet another metric that can be
computed in the wavelet domain using the energy func-
tion(s) L(t) is an energy ratio. According to embodiments
of the disclosure, two energy functions are computed: A
high frequency energy function LHigh(t) = ¥ G(figh,t) and
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a low frequency energy function LLoW(f) = Y G(fLow,1). In
aspects of the disclosure, f-°% can be between about 10
Hz and about 60 Hz and 9 can be between about 60
Hz and about 300 Hz, but other ranges (e.g., about 10
Hz to about 50 Hz for f-oW and about 50 Hz to about 300
Hz for figh or about 10 Hz to about 100 Hz for f-ow and
about 100 Hz to about 300 Hz for figh) are contemplated.
[0069] Once the energy functions are computed, the
ratio of LHigh(t) to LLoW(t) can be computed.

[0070] Cycle Length-based Metrics. Still further met-
rics that can be computed in the wavelet domain using
the energy function(s) L(t) are cycle length-based met-
rics, such as mean cycle length and/or cycle length var-
iation/standard deviation. These cycle length-based met-
rics can also be computed using the ratio of LHigh(t) to
LLow(t) described above. In particular, the ratio of LHigh(t)
to LLow(t) can be used to detect local activation times in
the electrogram signal S(t) when the ratio of LHig(t) to
LLow(t) exceeds a preset detection threshold. In embod-
iments, the preset detection threshold is about 0.5. The
ordinarily skilled artisan will be familiar with the compu-
tation of mean cycle lengths and cycle length varianc-
es/standard deviations from a plurality of local activation
times.

[0071] Returning once more to flowchart 300 in Figure
3, once the metric(s) have been computed, they can be
displayed in block 312, for example as an electrophysi-
ology map on a cardiac model output on display 23 of
computer system 20 depicted in Figure 1. As described
above, various techniques familiar in the art can be used
to generate a graphical representation from a plurality of
electrophysiology data points, including the metrics de-
scribed herein, such that a detailed discussion of the cre-
ation of an electrophysiology map is not necessary to an
understanding of the present disclosure.

[0072] Although several embodiments of this invention
have been described above with a certain degree of par-
ticularity, those skilled in the art could make numerous
alterations to the disclosed embodiments without depart-
ing from the scope of the invention, which is entirely de-
fined by the appended claims.

[0073] For example, the teachings herein can be ap-
plied not only to intracardiac electrogram signals, but also
to surface ECG signals.

[0074] As another example, the teachings herein can
be used to compute an electrogram fractionation meas-
ure from sinus rhythm electrogram signals, paced elec-
trogram signals, and arrhythmic electrogram signals
(e.g., atrial or ventricular tachycardia; atrial fibrillation).
[0075] All directional references (e.g., upper, lower,
upward, downward, left, right, leftward, rightward, top,
bottom, above, below, vertical, horizontal, clockwise, and
counterclockwise) are only used for identification purpos-
es to aid the reader’s understanding of the present in-
vention, and do not create limitations, particularly as to
the position, orientation, or use of the invention. Joinder
references (e.g., attached, coupled, connected, and the
like) are to be construed broadly and may include inter-
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mediate members between a connection of elements and
relative movement between elements. As such, joinder
references do not necessarily infer that two elements are
directly connected and in fixed relation to each other.
[0076] It is intended that all matter contained in the
above description or shown in the accompanying draw-
ings shall be interpreted as illustrative only and not lim-
iting. Changes in detail or structure may be made without
departing from the scope of the invention as defined in
the appended claims.

Claims
1. A method of mapping cardiac activity, comprising:

receiving (302) an electrogram signal S(t) at a
signal processor; and
using the signal processor (28):

transforming (304) the electrogram signal
S(t) into the wavelet domain, thereby com-
puting a scalogram G(f, t);

computing (308) at least one energy func-
tion L(t) of the scalogram G(f, t), wherein
the at least one energy function L(t) is of
form L(f) = 2 G(f,t); and

computing at least one metric of the elec-
trogram signal S(t) using the at least one
energy function L(t), wherein computing at
least one metric of the electrogram signal
S(t) using the at least one energy function
L(t) comprises computing a pulse wave
LPulse(t) having a pulse duration and one or
more pulses according to an equation

; 1.IFL(E >0
g = {Q. :thﬁr:‘;rtu

2. Themethod according to claim 1, wherein transform-
ing (304) the electrogram signal S(t) into the wavelet
domain comprises applying a continuous wavelet
transformation to the electrogram signal S(t) to com-
pute the scalogram G(f, t).

3. The method according to claim 1, further comprising
setting values of G(f, t) less than a preset noise
threshold to zero.

4. Themethod according to claim 1, wherein the atleast
one metric of the electrogram signal S(t) comprises
a QRS activity duration for the electrogram signal
S(t), wherein the QRS activity duration for the elec-
trogram signal S(t) is defined to be equal to the pulse
duration of the pulse wave LPulse(t),

5. The method according to claim 1, wherein fis within
a cardiac activity frequency range defined by a pre-
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setlower frequency limit and a preset upper frequen-
cy limit.

6. Themethod according to claim 5, further comprising:

detecting a plurality of local maximum peaks in
the at least one energy function L(t); and
categorizing each local maximum peak of the
plurality of local maximum peaks as a near-field
peak, a far-field peak, or a noise peak,
wherein categorizing each local maximum peak
of the plurality of local maximum peaks as a
near-field peak, a far-field peak, or a noise peak
optionally comprises:

categorizing a local maximum peak as a
near-field peak if the at least one energy
function L(t) exceeds a preset near field
threshold at the local maximum peak;
categorizing the local maximum peak as a
far-field peak if the atleast one energy func-
tion L(t) exceeds a preset far field threshold
and not the preset near field threshold at
the local maximum peak; and

categorizing the local maximum peak as a
noise peak otherwise.

The method according to claim 6, wherein computing
at least one metric of the electrogram signal S(t) us-
ing the at least one energy function L(t) comprises
computing at least one of a near-field component
duration and a far-field component duration for the
electrogram signal S(t) by a method comprising:

for each pulse of the one or more pulses of the
pulse wave LPulse(t):

if the pulse includes a near-field peak, de-
fining the near-field component duration for
the electrogram signal S(t) to be equal to a
duration of the pulse; and

ifthe pulse includes afar-field peak, defining
the far-field component duration for the
electrogram signal S(t) to be equal to the
duration of the pulse,

or wherein computing at least one metric of the
electrogram signal S(t) using the at least one
energy function L(t) comprises computing a
number of multiple components for the electro-
gram signal S(t), wherein the number of multiple
components for the electrogram signal S(t) is
defined to be equal to a total number of the plu-
rality of local maximum peaks in the atleast one
energy function L(t),

or wherein computing at least one metric of the
electrogram signal S(t) using the at least one
energy function L(t) comprises computing a
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8.

9.

slope of a sharpest component of the electro-
gram signal S(t).

The method according to claim 7, wherein computing
a slope of a sharpest component of the electrogram
signal S(t) comprises:

identifying a maximum energy near-field peak
of the plurality of local maximum peaks in the at
least one energy function L(t);

computing a maximum value of a first derivative
S’(t) of the electrogram signal S(t) within a preset
refractory window surrounding the maximum
energy near-field peak; and

defining the maximum value of the first deriva-
tive S’(t) of the electrogram signal S(t) within the
preset refractory window as the slope of the
sharpest component of the electrogram signal
S(t).

The method according to claim 1, wherein:

computing at least one energy function L(t) of
form L(f) = 2 G(f,t) comprises:

computing a high frequency energy function
LHigh(ty = 3> G(figh t); and
computing a low frequency energy function
LLow(f) = ¥ G(fLow, {); and

computing at least one metric of the electrogram
signal S(t) using the atleast one energy function
L(t) comprises computing a ratio of LHigh(t) to
LLow(t),

wherein figh is optionally between 60 Hz and
300 Hz and oW s between 10 Hz and 60 Hz.

10. The method accordingto claim 9, wherein computing

1.

at least one metric of the electrogram signal S(t) us-
ing the at least one energy function L(t) comprises
computing a cycle-length based metric using the ra-
tio of LHigh(t) to LLow(t),

wherein computing the cycle-length based metric us-
ing the ratio of LHigh(t) to LLoW(t) optionally comprises
computing the cycle-length based metric based up-
on a plurality of local activation times detected when
the ratio of LHigh(t) to LLoW(t) exceeds a preset thresh-
old.

The method according to any one of claims 1 to 10,
further comprising generating a graphical represen-
tation of the at least one metric of the electrogram
signal S(t) on a cardiac model.

12. A system for mapping cardiac activity, comprising:

a wavelet transformation processor (28) config-
ured:



13.

14.

17 EP 3 383 257 B1 18

to receive an electrogram S(t);

to transform the electrogram signal S(t) into
the wavelet domain, thereby computing a
scalogram G(f, t); and

to compute at least one energy function L(t)
of the scalogram G(f, t), wherein the at least
one energy function L(t) is of form L(t) =
2G(f,t); and

a mapping processor configured to compute at
least one metric of the electrogram signal S(t)
in the wavelet domain using the at least one en-
ergy function L(t), wherein computing at least
one metric of the electrogram signal S(t) using
the at least one energy function L(t) comprises
computing a pulse wave LPU'se(t) having a pulse
duration and one or more pulses according to
an equation

-Puise,(t) _ {11 if L(f) >0
F) - . .

0, otherwise
The system according to claim 12, wherein the map-
ping processor is further configured to output a
graphical representation of the at least one metric of
the electrogram signal S(t) on a cardiac model.

The system according to claim 12, wherein the at
least one metric of the electrogram signal S(t) is se-
lected from the group consisting of: a QRS activity
duration for the electrogram signal S(t); a near-field
component duration for the electrogram signal S(t);
a far-field component duration for the electrogram
signal S(t); a number of multiple components for the
electrogram signal S(t); a slope of a sharpest com-
ponent of the electrogram signal S(t); a scalogram
width; an energy ratio in the electrogram signal S(t);
and a cycle-length based metric of the electrogram
signal S(t).

Patentanspriiche

1.

Verfahren zur Abbildung der Herzaktivitat, mit:

Empfangen (302) eines Elektrogrammsignals
S(t) an einem Signalprozessor; und
Verwenden des Signalprozessors (28) zum:

Transformieren (304) des Elektrogrammsi-
gnals S(t) in den Wavelet-Bereich, wodurch
ein Skalogramm G(f, t) berechnet wird;
Berechnen (308) von mindestens einer En-
ergiefunktion L(t) des Skalogramms G(f, t),
wobei die mindestens eine Energiefunktion
L(t) die Form L(f) = X G(f, t) aufweist; und
Berechnen mindestens einer Metrik des
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10

Elektrogrammsignals S(t) unter Verwen-
dungder mindestens einen Energiefunktion
L(t), wobei das Berechnen der mindestens
einen Metrik des Elektrogrammsignals S(t),
das die mindestens eine Energiefunktion
L(t) verwendet, ein Berechnen einer Puls-
welle LPulse(t) aufweist mit einer Pulsdauer
und einem oder mehreren Impulsen geman

einer Gleichung
1,wenn L(t) >0
LPulse t ={ ’ i
(®) 0,sonst

Verfahren nach Anspruch 1, bei dem das Transfor-
mieren (304) des Elektrogrammsignals S(t) in den
Wavelet-Bereich ein Anwenden einer kontinuierli-
chen Wavelet-Transformation auf das Elektro-
grammsignal S(t) aufweist, um das Skalogramm G(f,
t) zu berechnen.

Verfahren nach Anspruch 1, ferner mit einem Ein-
stellen von Werten der G(f, t), die kleiner als ein vor-
bestimmter Rauschschwellenwert sind, auf Null.

Verfahren nach Anspruch 1, bei dem die mindestens
eine Metrik des Elektrogrammsignals S(t) eine QRS-
Aktivitatsdauer fir das Elektrogrammsignal S(t) auf-
weist, wobei die QRS-Aktivitatsdauer fur das Elek-
trogrammsignal S(t) definiert ist, um gleich der Puls-
dauer der Pulswelle LPUls(t) zu sein.

Verfahren nach Anspruch 1, bei dem finnerhalb ei-
nes Herzaktivitdtsfrequenzbereichs liegt, der defi-
niert ist durch eine vorbestimmte untere Frequenz-
grenze und eine vorbestimmte obere Frequenzgren-
ze.

Verfahren nach Anspruch 5, ferner mit:

Detektieren einer Mehrzahl von lokalen maxi-
malen Ausschlagen in der mindestens einen En-
ergiefunktion L(t); und

Kategorisieren jedes lokalen maximalen Aus-
schlags der Mehrzahl von lokalen maximalen
Ausschlagen als einen Nahfeldausschlag, Fern-
feldausschlag oder Rauschausschlag,

wobei das Kategorisieren jedes lokalen maxi-
malen Ausschlags der Mehrzahl von lokalen
maximalen Ausschlagen als einen Nahfeldaus-
schlag, Fernfeldausschlag oder Rauschaus-
schlag optional aufweist:

Kategorisieren eines lokalen maximalen
Ausschlags als Nahfeldausschlag, wenn
die mindestens eine Energiefunktion L(t) ei-
nen vorbestimmten Nahfeldschwellenwert
an dem lokalen maximalen Ausschlag liber-
schreitet;
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Kategorisieren des lokalen maximalen Aus-
schlags als Fernfeldausschlag, wenn die
mindestens eine Energiefunktion L(t) einen
vorbestimmten Fernfeldschwellenwert
Uberschreitet und den Nahfeldschwellen-
wert nicht Gberschreitet an dem lokalen ma-
ximalen Ausschlag; und

Kategorisieren des lokalen maximalen Aus-
schlags als einen Rauschausschlag in allen
anderen Fallen.

Verfahren nach Anspruch 6, bei dem das Berechnen
der mindestens einen Metrik des Elektrogrammsig-
nals S(t) unter Verwendung der mindestens einen
Energiefunktion L(t) ein Berechnen aufweist von
mindestens einer Nahfeldkomponentendauer und
einer Fernfeldkomponentendauer fir das Elektro-
grammsignal S(t) durch ein Verfahren, das aufweist:

fur jeden Impuls von dem einen oder den meh-
reren Impulsen der Pulswelle LPulse(t):

wenn der Impuls einen Nahfeldausschlag
aufweist, Definieren der Nahfeldkompo-
nentendauer fir das Elektrogrammsignal
S(t), um gleich einer Dauer des Impulses
zu sein; und

wenn der Impuls einen Fernfeldausschlag
aufweist, Definieren der Fernfeldkompo-
nentendauer fir das Elektrogrammsignal
S(t), um gleich der Dauer des Impulses zu
sein,

oder das Berechnen der mindestens einen Me-
trik des Elektrogrammsignals S(t) unter Verwen-
dung der mindestens einen Energiefunktion L(t)
ein Berechnen einer Anzahl von mehreren Kom-
ponenten fiir das Elektrogrammsignal S(t) auf-
weist, wobei die Anzahl der mehreren Kompo-
nenten fur das Elektrogrammesignal S(t) definiert
ist, um gleich einer Gesamtanzahl der Mehrzahl
von lokalen maximalen Ausschldgen in der min-
destens einen Energiefunktion L(t) zu sein,
oder das Berechnen der mindestens einen Me-
trik des Elektrogrammsignals S(t) unter Verwen-
dung der mindestens einen Energiefunktion L(t)
ein Berechnen einer Neigung einer steilsten
Komponente des Elektrogrammsignals S(t) auf-
weist.

8. Verfahrennach Anspruch 7, bei demdas Berechnen

einer Neigung einer steilsten Komponente des Elek-
trogrammesignals S(t) aufweist:

Identifizieren eines maximalen Energienahfeld-
ausschlages der Mehrzahl von lokalen maxima-
len Ausschlagen in der mindestens einen Ener-
giefunktion L(t);
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1"

9.

Berechnen eines maximalen Werts einer ersten
Ableitung S'(t) des Elektrogrammsignals S(t) in-
nerhalb eines vorbestimmten refraktaren Fens-
ters, das den maximalen Energienahfeldaus-
schlag umgibt;

Definieren eines maximalen Werts der ersten
Ableitung S'(t) des Elektrogrammsignals S(t) in-
nerhalb des vorbestimmten refraktaren Fens-
ters als die Neigung der steilsten Komponente
des Elektrogrammsignals S(t).

Verfahren nach Anspruch 1, bei dem:

das Berechnen von mindestens einer Energie-
funktion L(t) der Form L(t) = > G(f, t) aufweist:

Berechnen einer Hochfrequenzenergie-
funktion LHigh(f) = 3 G(fHigh,t); und
Berechnen einer Niederfrequenzenergie-
funktion LLow(t) = ¥ G(f-oW, t); und

das Berechnen der mindestens einen Metrik des
Elektrogrammsignals S(t) unter Verwendung
der mindestens einen Energiefunktion L(t) ein
Berechnen eines Verhaltnisses von LHigh(t) zu
LLow(t) aufweist, wobei

fHigh optional zwischen 60 HZ und 300 Hz liegt
und f-ow zwischen 10 Hz und 60 Hz liegt.

10. Verfahren nach Anspruch 9, bei dem das Berechnen

1.

der mindestens einen Metrik des Elektrogrammsig-
nals S(t) unter Verwendung der mindestens einen
Energiefunktion L(t) ein Berechnen einer Zykluslan-
ge aufweist basierend auf der Metrik unter Verwen-
dung des Verhaltnisses LHigh(t) zu LLow(t), wobei
das Berechnen der Zykluslange basierend auf der
Metrik unter Verwendung des Verhaltnisses LHigh(t)
zu LLow(t) optional ein Berechnen der Zykluslénge
aufweist basierend auf der Metrik, die auf einer
Mehrzahl von lokalen Aktivitatszeiten basiert, die de-
tektiert werden, wenn das Verhaltnis von LHigh(t) zu
LLow(t) einen vorbestimmten Schwellenwert (iber-
schreitet.

Verfahren nach einem der Anspriiche 1 bis 10, ferner
mit einem Erzeugen einer graphischen Darstellung
der mindestens einen Metrik des Elektrogrammsig-
nals S(t) auf einem Herzmodell.

12. System zum Abbilden der Herzaktivitat, mit:

einem Wavelet-Transformationsprozessor (28),
der konfiguriert ist zum:

Empfangen eines Elektrogramms S(t);
Transformieren des Elektrogrammsignals
S(t) in den Wavelet-Bereich, wodurch ein
Skalogramm G(f, t) berechnet wird; und
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Berechnen von mindestens einer Energie-
funktion L(t) des Skalogramms G(f, t), wobei
die mindestens eine Energiefunktion L(t)
die Form L(t) = X G(f,f) aufweist; und

einem Abbildungsprozessor, der konfiguriert ist
zum Berechnen von mindestens einer Metrik
des Elektrogrammesignals S(t) in dem Wavelet-
Bereich unter Verwendung der mindestens ei-
nen Energiefunktion L(t), wobei das Berechnen
der mindestens einen Metrik des Elektrogramm-
signals S(t) unter Verwendung der mindestens
einen Energiefunktion L(t) ein Berechnen einer
Pulswelle LPulse(t) aufweist mit einer Pulsdauer
und einem oder mehreren Impulsen gemang ei-
ner Gleichung

1,wennL(t) >0
Pulse — ’
L ®) = { 0, sonst

System nach Anspruch 12, bei dem der Abbildungs-
prozessor ferner konfiguriert istzum Ausgeben einer
graphischen Darstellung der mindestens einen Me-
trik des Elektrogrammsignals S(t) auf einem Herz-
modell.

System nach Anspruch 12, bei dem die mindestens
eine Metrik des Elektrogrammsignals S(t) ausge-
wahlt ist aus der Gruppe bestehend aus: einer QRS-
Aktivitatsdauer fir das Elektrogrammsignal S(t); ei-
ner Nahfeldkomponentendauer fiir das Elektro-
grammsignal S(t); einer Fernfeldkomponentendauer
fir das Elektrogrammsignal S(t); einer Anzahl von
mehreren-Komponenten fir das Elektrogrammsig-
nal S(t); einer Neigung einer steilsten Komponente
des Elektrogrammesignals S(t); einer Skalogramm-
breite; einem Energieverhaltnis in dem Elektro-
grammsignal S(t); und einer Zykluslange basierend
auf der Metrik des Elektrogrammsignals S(t).

Revendications

1.

Procédé de cartographie de I'activité cardiaque,
comprenant les étapes consistant a :

recevoir (302) un signal d’électrogramme S(t) a
un processeur de signal ; et
utiliser le processeur de signal (28) :

transformer (304) le signal d’électrogram-
me S(t) dans le domaine des ondelettes,
calculant ainsi un scalogramme G(f, t) ;
calculer (308) au moins une fonction d’éner-
gie L(t) du scalogramme G(f, t),

ou ladite au moins une fonction d’énergie
L(t) est de forme L(f) = XG(ff) ; et

calculer au moins une métrique du signal
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d’électrogramme S(t) en utilisant ladite au
moins une fonction d’énergie L(t), ou le cal-
cul d’au moins une métrique du signal
d’électrogramme S(t) en utilisant ladite au
moins une fonction d’énergie L(t) comprend
le calcul d’'une onde d'impulsion LPulse(t)
comportant une durée d’'impulsion et une
ou plusieurs impulsions selon une équation

1,siL(t) >0
0, autrement’

LPulse(t) = {

Procédé selon la revendication 1, dans lequel la
transformation (304) du signal d’électrogramme S(t)
dans le domaine des ondelettes comprend I'applica-
tion d’'une transformation continue des ondelettes au
signal d’électrogramme S(t) pour calculer le scalo-
gramme G(f, t).

Procédé selon la revendication 1, comprenant en
outre I'établissement de valeurs de G(f, t) inférieures
a un seuil de bruit prédéfini a zéro.

Procédé selon la revendication 1, dans lequel ladite
au moins une métrique du signal d’électrogramme
S(t) comprend une durée d’activité QRS pour le si-
gnald’électrogramme S(t), dans lequelladurée d’ac-
tivitt QRS pour le signal d’électrogramme S(t) est
définie comme étant égale a la durée d’impulsion de
'onde d’impulsion LPulse(t).

Procédé selon la revendication 1, dans lequel f se
situe dans une plage de fréquence d’activité cardia-
que définie par une limite de fréquence inférieure
prédéfinie et une limite de fréquence supérieure pré-
définie.

Procédé selon la revendication 5, comprenant en
outre les étapes consistant a :

détecter une pluralité de pics maximums locaux
dansladite au moins une fonction d’énergie L(t) ;
et

catégoriser chaque pic maximal local de la plu-
ralité de pics maximaux locaux en un pic en
champ proche, un pic en champ lointain ou un
pic de bruit,

ou la catégorisation de chaque pic maximum lo-
cal de la pluralité de pics maximums locaux en
un pic en champ proche, un pic en champ loin-
tain ou un pic de bruit comprend facultativement
les étapes consistant a :

catégoriser un pic maximal locale en pic de
champ proche si ladite au moins une fonc-
tion d’énergie L(t) dépasse un seuil de
champ proche prédéfini au pic maximal
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local ;

catégoriser le pic maximal local comme pic
de champ lointain si ladite au moins une
fonction d’énergie L(t) dépasse un seuil de
champ lointain prédéfini et non le seuil de
champ proche prédéfini au pic maximal
local ; et

catégoriser le pic maximal local comme un
pic de bruit, autrement.

Procédé selon la revendication 6, dans lequel le cal-
culd’au moins une métrique du signal d’électrogram-
me S(t) en utilisant ladite au moins une fonction
d’énergie L(t) comprend le calcul d’au moins une du-
rée parmi une durée de composante de champ pro-
che et une durée de composante de champ éloigné
pour le signal d’électrogramme S(t) par un procédé
comprenant les étapes consistant a :

pour chaque impulsion d’une ou plusieurs im-
pulsions de I'onde d’impulsion LPulse(t) :

si I'impulsion comprend un pic de champ
proche, définir la durée de composante de
champ proche pour le signal d’électrogram-
me S(t) comme étant égale a une durée de
impulsion ; et

si I'impulsion comprend un pic de champ
lointain, définir la durée de composante de
champ lointain pour le signal d’électrogram-
me S(t) comme étant égale a la durée de
impulsion,

oudanslequelle calcul d’au moins une métrique
du signal d’électrogramme S(t) en utilisant ladite
au moins une fonction d’énergie L(t) comprend
le calcul d’'un nombre de composantes multiples
pour le signal d’électrogramme S(t), dans lequel
le nombre de composantes multiples pour le si-
gnal d’électrogramme S(t) est défini comme
étant égal a un nombre total de la pluralité des
pics locaux maximum dans ladite au moins une
fonction d’énergie L(t),

oudanslequelle calcul d’au moins une métrique
du signal d’électrogramme S(t) en utilisant ladite
au moins une fonction d’énergie L(t) comprend
le calcul d’'une pente d’'une composante la plus
nette du signal d’électrogramme S(t).

Procédé selon la revendication 7, dans lequel le cal-
cul d’'une pente d’'une composante la plus nette du
signal d’électrogramme S(t) comprend les étapes
consistant a :

identifier un pic d’énergie maximale en champ
proche de la pluralité de pics maximaux locaux
dansladite aumoins une fonctiond’énergie L(t) ;
calculer une valeur maximale d’'une premiére
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10.
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12.
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dérivée S’(t) du signal d’électrogramme S(t)
dans une fenétre réfractaire prédéfinie entou-
rant le pic d’énergie maximale en champ
proche ; et

définirla valeur maximale de la premiére dérivée
S’(t) du signal d’électrogramme S(t) a l'intérieur
de la fenétre réfractaire prédéfinie comme la
pente de la composante la plus nette du signal
d’électrogramme S(t).

Procédé selon la revendication 1, dans lequel :

le calcul d’au moins une fonction d’énergie L(t)
de forme L(f) = X G(f,t) -comprend les étapes
consistant a :

calculer une fonction d’énergie haute fré-
quence LHigh(t) = 3 G(fHigh 1) ; et
calculer une fonction d’énergie basse fré-
quence LLow(t) = Y G(fLow 1) ; et

le calcul d’au moins une métrique du signal
d’électrogramme S(t) en utilisant ladite au moins
une fonction d’énergie L(t) comprend le calcul
d’un rapport LHigh(t) & [ Low(t),

ou figh est éventuellement compris entre 60 Hz
et 300 Hz et oW est compris entre 10 Hz et 60
Hz.

Procédé selon la revendication 9, dans lequel le cal-
culd’au moins une métrique du signal d’électrogram-
me S(t) en utilisant ladite au moins une fonction
d’énergie L(t) comprend le calcul d'une métrique ba-
sée sur la longueur du cycle en utilisant le rapport
LHigh(t) a LLow(t),

ou le calcul de la métrique basée sur la longueur de
cycle en utilisant le rapport de LHigh(t) a LLow(t) com-
prend facultativement le calcul de la métrique basée
sur la longueur de cycle en fonction d’'une pluralité
de temps d’activation locaux détectés lorsque le rap-
port de LHigh(t) 4 LLow(t) dépasse un seuil prédéfini.

Procédé selon 'une quelconque des revendications
1 a 10, comprenant en outre la génération d’une re-
présentation graphique de ladite au moins une mé-
trique du signal électrogramme S(t) sur un modele
cardiaque.

Systéme de cartographie de I'activité cardiaque,
comprenant :

un processeur de transformation d’ondelettes
(28) configuré :

pour recevoir un électrogramme S(t) ;

pour transformer le signal d’électrogramme
S(t) dans le domaine des ondelettes, calcu-
lant ainsi un scalogramme G(f, t) ; et
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pour calculer au moins une fonction d’éner-
gie L(t) du scalogramme G(f, t), ou ladite au
moins une fonction d’énergie L(t) est de for-
me L(t) = XG(ff) ; et

un processeur de cartographie configuré pour
calculer au moins une métrique du signal d’élec-
trogramme S(t) dans le domaine des ondelettes
en utilisant ladite au moins une fonction d’éner-
gie L(t), ou le calcul d’au moins une métrique du
signal d’électrogramme S(t) en utilisant ladite au
moins une fonction d’énergie L(t) comprend le
calcul d’'une onde d’impulsion LPulse(t) ayant une
durée d’impulsion et une ou plusieurs impul-

sions selon une équation
1,siL() >0
LPulse(t) = { ! .
(® 0, autrement

Systeme selon la revendication 12, dans lequel le
processeur de cartographie est en outre configuré
pour fournir une représentation graphique de ladite
au moins une métrique du signal d’électrogramme
S(t) sur un modele cardiaque.

Systeme selon la revendication 12, dans lequel la-
dite au moins une métrique du signal d’électrogram-
me S(t) est choisie dans le groupe constitué par :
une durée d’activité QRS pour le signal d’électro-
gramme S(t) ; une durée de composante de champ
proche pour le signal d’électrogramme S(t) ; une du-
rée de composante de champ lointain pour le signal
d’électrogramme S(t) ; un certain nombre de com-
posantes multiples pour le signal d’électrogramme
S(t) ; une pente d’'une composante la plus nette du
signal d’électrogramme S(t); une largeur de
scalograme ; un rapport énergétique du signal
d’électrogramme S(t) ; et une mesure de la longueur
de cycle sur la base de la métrique du signal d’élec-
trogramme S(t).
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