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Description
FIELD OF THE INVENTION

[0001] The present invention relates generally to elec-
tro-anatomical mapping, and particularly to systems for
visualizing electro-cardiac signals.

BACKGROUND OF THE INVENTION

[0002] Various techniques are known in the art for spa-
tially mapping cardiac signals in a heart cavity. For ex-
ample, u.S. Patent  Application  Publication
2011/0190625describes a non-contact cardiac mapping
method that includes: (i) inserting a catheter into a heart
cavity having an endocardium surface, the catheter in-
cluding multiple, spatially distributed electrodes; (ii)
measuring signals at the catheter electrodes in response
to electrical activity in the heart cavity with the catheter
spaced from the endocardium surface; and (iii) determin-
ing physiological information at multiple locations of the
endocardium surface based on the measured signals
and positions of the electrodes with respect to the endo-
cardium surface. Related systems and computer pro-
grams are also disclosed.

[0003] U.S. Patent Application Publication
2009/0306641 describes a method for providing an elec-
tro-anatomical representation of a patient’s heart which
includes measuring signals at one or more electrodes at
multiple positions in the patient’s heart cavity over a time
period including multiple heart beat cycles, at least some
of the signals being in response to electrical activity in
the patient’s heart cavity. An algorithm is applied to one
or more specific signals of the measured signals to de-
termine a triggering event in the specific signal. The sig-
nals measured at the one or more electrodes are syn-
chronized by the computer with one another according
to a heartbeat cycle based on the triggering event. The
electro-anatomical representation of the patient’s heart
is generated by the computer based on the synchronized
measured signals and positions of the catheter elec-
trodes.

SUMMARY OF THE INVENTION

[0004] The presentinvention is defined by the claims.
[0005] The present invention will be more fully under-
stood from the following detailed description of the em-
bodiments thereof, taken together with the drawings in
which:

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]
Fig. 1 is a schematic, pictorial illustration of an elec-

tro-anatomical mapping system, in accordance with
an embodiment of the present invention;
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Fig. 2is ablock diagram that schematically illustrates
an electro-cardio signal frequency discrimination
system, in accordance with an embodiment of the
present invention;

Figs. 3A and 3B are diagrams illustrating a visuali-
zation of electro-cardiac activity on an image of the
heart, in accordance with an embodiment of the
present invention; and

Fig. 4 is a flow chart that schematically illustrates a
method for visualizing electro-cardiac activity with
frequency discrimination.

DETAILED DESCRIPTION OF EMBODIMENTS
OVERVIEW

[0007] Patient electro-cardiac signals are sometimes
monitored during therapeutic and cardiac procedures.
Electro-cardiac signals can be sampled locally using
catheters which are navigated into the heart cavity. Elec-
tro-anatomical mapping systems use the local electro-
cardiac signals in conjunction with heart map images, to
identify local regions in the heart where various pathol-
ogies may be present. For example, regions with the high
frequency of the local electro-cardiac signals are indica-
tive with heart tissue associated with fibrillation and other
heart dysfunctions.

[0008] Embodiments of the present invention de-
scribed herein include improved systems for visualizing
electro-cardiac activity. In the disclosed embodiments, a
frequency discrimination system visualizes the level of
electro-cardiac activity for a particular spectral slice that
is selected by an operator. In this manner, regions of
associated with a particular frequency slice of the electro-
cardiac signal is spatially mapped onto an image of the
heart.

[0009] In an embodiment, the operator selects a de-
sired frequency ofthe electro-cardiac signal. Inresponse,
the system is configured to display the level of electrical
activity across the heart surface, restricted to that fre-
quency. Different amplitudes of electrical activity at the
desired frequency may be represented by different
colors, for example. The operator may select the desired
spectral slice using a suitable control in real-time. As the
operator modifies the selected spectral slice, the visual-
ization changes accordingly. The operator may observe
the change of coloring for different spectral slices, and
use this form of visualization technique to identify various
heart pathologies.

[0010] For example, areas of the heart that are asso-
ciated with fibrillation and/or fractionated electrograms
may exhibit a predominance of high-frequency activity,
in comparison with areas of normal electrical activity. Di-
rect visualization of the frequency distribution of electrical
activity over the area of a heart chamber may therefore
be useful in identifying and planning treatment of arrhyth-
mias.



3 EP 2 826 418 B1 4

SYSTEM DESCRIPTION

[0011] Fig. 1is a schematic, pictorial illustration of an
electro-anatomical mapping system 10, in accordance
with an embodiment of the present invention. A catheter
15 is percutaneously inserted into a living body 17 of a
patient lying on a gurney 19. Catheter 15 is connected
to an electro-anatomical mapping and navigation unit
(EMNS) 20 in system 10. Catheter 15 is navigated into
a heart 18 of the patient. An example of a catheter nav-
igation and tracking system (EMNS 20) is the CARTO
system (Biosense Webster, Diamond Bar, CA).

[0012] In an embodiment, one or more electro-cardiac
signal (ECS) probe sensors 22 are attached to the sur-
face of patient body 17 near heart 18 in order to receive
electro-cardiac signals. Probe sensors 22 are connected
to EMNS 20. The signals acquired by sensors 22 may
be used, for example, for gating the visualization to a
particular phase of the electrocardiogram (ECG) cycle.
[0013] One or more magnetic field generators 26 cre-
ate a magnetic field through the body of the patient, which
induce signals in position sensors within the distal tip of
catheter 15 (not shown in the diagram). The induced sig-
nals are used by EMNS 20 to track the position of catheter
15in heart 18.

[0014] The local electro-cardiac signals are sampled
whenthe distal tip of catheter 15 locally contacts the heart
tissue. The position of the catheter distal tip during track-
ing is displayed to an operator 70 on an output display
60 on a monitor 50, and recorded along with the local
electro-cardiac signals. The known position of the distal
tip of catheter 15 during sampling of the electro-cardiac
signals enables EMNS 20 to record the electrical activity
at the positions of multiple points on the surface of the
heart cavity in patient 17.

[0015] In some embodiments, although not necessar-
ily, animaging system (IS) 30 is used to obtain the image
of the heart. Imaging system 30 comprises an imaging
source 32, which may use magnetic resonance imaging
(MR), X-ray computed tomography (CT), fluoroscopy or
any suitable imaging technique to obtain the heartimage.
The image of the heart is then digitized and stored in IS
30.

[0016] An electro-cardio signal frequency discrimina-
tion system (ESFDS) 40 receives the digitized heart im-
agein IS 30 and the local electro-cardiac signals obtained
from EMNS 20. (In alternative embodiments, IS 30 is
omitted, and both position information and local electrical
activity levels are received from EMNS 20.) ESFDS 40
correlates the heart image data and the local electro-
cardiac signals data at multiple points on the surface of
the heart cavity.

[0017] In some embodiments, ESFDS 40 performs a
frequency transformation so as to obtain the frequency
spectrum of the electro-cardiac data at each point on the
heart surface. Thus, the ESFDS forms a three-dimen-
sional (3D) spatial map of the heart with the local fre-
quency spectrum electro-cardiac signal at the multiple
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points.

[0018] ESFDS 40 is configured to receive a user input
from operator 70, indicating a particular spectral slice
whose amplitude is to be visualized. Operator terminal
50 comprises display 60 and a user input device, such
as a touch slide bar 65. The operator can choose the
desired spectral slice (frequency range) of the electro-
cardiac signal by moving his finger on frequency slide
bar 65 as shown in the inset of Fig. 1. ESFDS 40 calcu-
lates the respective levels of the electrical activity within
the selected spectral slice, e.g., the voltage levels of the
electro-cardiac signals. The calculated levels of the se-
lected spectral slice can be viewed on the map of heart
18 and viewed on display 60 by operator 70. Alternatively
to slide bar 65, ESFDS 40 may use any other suitable
control to receive the spectral slice selection from oper-
ator 70.

[0019] The exemplary system 10 shown in Figure 1 is
for visual clarity and not by way of limitation of the em-
bodiments of the present invention. In some embodi-
ments, system 10 may comprise both imaging system
30 and EMNS 20 which can be operated during the same
diagnostic session. In other embodiments, system 10
may comprise only ESFDS 40 and EMNS 20 to provide
electro-anatomical mapping. Further alternatively, ES-
FDS 40 may use imaging data that has been previously
acquired and uploaded to the ESFDS. In yet other em-
bodiments, system 10 may be used in conjunction with
other therapeutic procedures, for example, where cath-
eter 15 is also configured to perform cardiac tissue ab-
lation.

[0020] Fig. 2 is a block diagram that schematically il-
lustrates electro-cardio signal frequency discrimination
system 40, in accordance with an embodiment of the
present invention. Local ECS data from electro-anatom-
ical mapping and navigation unit (EMNS) 20, and heart
image map data from imaging system (IS) 30 are sent to
ESFDS 40 via an ESFDS interface 100. ESFDS interface
100 also receives the frequency slice selected by oper-
ator 70 from user input device 65 on operator terminal
50 (e.g., touch slide bar 65).

[0021] ESFDS 40 further comprises a processor 110
and a memory 120. Processor 110 receives the local
ECS data and the heart image map, calculates the fre-
quency spectrum of the local ECS data, and correlates
the processed data to the heart image map. The corre-
lated map of the heart image with the processed local
ECS data is stored in memory 120. Processor 110 also
outputs the calculated levels (e.g., voltage amplitude) of
the electro-cardiac signal activity at the frequency slice
set by input device 65. The respective levels are spatially
mapped onto an image of the heart previously acquired
by IS 30 at multiple points along the surface of the heart
and outputted to display 60.

[0022] In some embodiments, ESFDS 40 may be a
separate unit. In other embodiments, ESFDS 40 may be
integrated within EMNS 20, IS 30, or in any other suitable
configuration to perform the functions described herein.
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Some elements of ESFDS 40 may be implemented in
hardware, e.g., in one or more Application-Specific Inte-
grated Circuits (ASICs) or Field-Programmable Gate Ar-
rays (FPGAs). Additionally or alternatively, some ESFDS
elements can be implemented using software, or using
a combination of hardware and software elements. In
some embodiments, processor 110 comprises a general-
purpose computer, which is programmed in software to
carry out the functions described herein. The software
may be downloaded to the computer in electronic form,
over a network, for example, or it may, alternatively or
additionally, be provided and/or stored on non-transitory
tangible media, such as magnetic, optical, or electronic
memory.

ELECTRO-CARDIAC FREQUENCY DISCRIMINATION

[0023] The frequency spectrum of local electro-cardio
signals sampled by catheter 15 at multiple points along
the surface of the heart gives an indication of local heart
dysfunction. For example, areas of the heart that exhibit
high frequency electro-cardiac activity may indicate fibril-
lation or fractionated electro-cardiograms in comparison
to other areas of normal electrical activity.

[0024] Figs. 3A and 3B are diagrams illustrating elec-
tro-cardiac signal mapping onto an image of the heart,
in accordance with an embodiment of the presentinven-
tion. In Fig. 3A, operator 70 decides to view the voltage
amplitude of the electro-cardiac signal in a spectral slice
having a low frequency denoted f| 5. To do so, operator
70 moves touch slide bar 65 on display 60 to select low
frequency f o spectral slice within the frequency band
assessable by slide bar 65. In response, ESFDS 40 dis-
plays an image of the heart and a region 150 of heart 18
with electrical activity at frequency f| 5. Since lower fre-
quency electro-cardio signals are associated with normal
heart function, the electro-cardiac signals with a low fre-
quency f o component are present over most of the sur-
face of the heart cavity as shown in Fig. 3A.

[0025] In order to assess localized heart dysfunction,
in Fig. 3B operator 70 selects a spectral slice on slide
bar 65 with a high frequency, fy,, a frequency that is
known to be associated with arrhythmias as described
previously. In this case, operator 70 can view a localized
damaged region 160 of heart 18 on display 60.

[0026] Slide bar 65 is typically configured to allow op-
erator 70 to choose a spectral slice within a range of
frequencies obtained in the frequency transformation of
the electro-cardiac signal data. The lower and upper edg-
es of the slide bar are thus configured to be the lowest
and highest frequencies, respectively, from the transfor-
mation. In an embodiment, the lowest and highest fre-
quencies that are displayed are 0.01 Hz and 300 Hz,
respectively. The frequency range of 10-25 Hz is typically
the band of interest used for identifying heart dysfunction
in accordance with the embodiments described herein.

[0027] In some embodiments, ESFDS 40 assigns re-
spective colors to the respective levels of the electro-
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cardiac signal in the spectral slice (e.g., voltage ampli-
tude). These colors are then overlaid on the 3D map of
the heart on display 60 and viewed by operator 70. In
this form of visualization, regions of high activity at the
selected frequency will be marked with a certain color,
while regions of low activity at the selected frequency will
be marked with a different color. Alternatively, ESFDS
40 may use any other suitable form of visualization.
[0028] Operator 70 may raster his finger on the slide
bar to change the selected frequency quickly in order to
view and observe any changes in position of localized
damaged region 160. Changes in the distribution of elec-
trical activity across the heart surface from one frequency
to another can be a useful diagnostic input.

[0029] In some embodiments, system 10 may also
comprise ESFDS 40 along with an additional unit to per-
form therapeutic procedures, such as ablation therapy.
Catheter 15 can be navigated to region 160 not only to
sample the local electro-cardiac signal but also to ablate
the damaged tissue identified by ESFDS 40. This method
restores the heart to normal function immediately after
diagnosis of heart dysfunction by ESFDS 40 during the
same medical procedure.

[0030] Insomeembodiments, the electro-cardio signal
voltage waveforms obtained by EMNS 20 at various
points on the surface of the heart are converted to a fre-
quency spectrum by processor 110, for example, by the
use of Fast Fourier Transform (FFT) computations. In
other embodiments, the calculated levels (e.g., voltage
amplitude) of the frequency spectrum of the electro-car-
diac signals at multiple points along the surface of the
heart cavity pre-correlated to the acquired image of the
heart is uploaded and stored in memory 120. The pre-
correlated data may be acquired prior to the diagnostic
procedure.

[0031] Fig. 4 is a flow chart that schematically illus-
trates a method for visualizing cardiac electrical activity.
In a storing step 200, electro-cardio signal frequency dis-
crimination system (ESFDS) 40 stores electro-cardiac
frequency information along with a spatial image map-
ping at multiple locations on a surface of heart 18 in mem-
ory 120.

[0032] In a receiving step 210, ESFDS interface 100
receives a spectral slice selection from input device 65.
The selection defines the spectral slice of the electro-
cardiac signal frequency band that operator 70 wants to
view spatially mapped onto the image of heart 18 on dis-
play 60. In a displaying step 220, ESFDS 40 displays the
amplitude of the selected input frequency along the spa-
tial image of the heart based on the mapping obtained
from step 200.

[0033] Although the embodiments described herein
mainly address using frequency discrimination in cardiac
diagnostic procedures, the systems described herein can
also be used in other applications, such as in electro-
encephalography (EEG).

[0034] It will thus be appreciated that the present in-
vention is not limited to what has been particularly shown
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and described hereinabove. Rather, the scope of the
present invention is defined by the claims.

Claims
1. An apparatus (40), comprising:

aninterface (100), which is configured to receive
user input indicative of a spectral slice selected
from a frequency band and to receive measured
electrical activity from a catheter navigation and
tracking system via a catheter that is configured
to contact a surface of a heart at multiple points
and to measure respective electro-cardiac sig-
nals at the respective multiple points; and

a processor (110), which is configured to calcu-
late respective levels of the received electrical
activity within the selected spectral slice, and to
output to a display the calculated levels on a
map of the heart (18).

2. The apparatus (40) according to claim 1, wherein
the processor (110) is configured to calculate the
levels of the electrical activity within the selected
spectral slice by computing a frequency spectrum of
the electro-cardiac signals at the respective multiple
points.

3. The apparatus (40) according to claim 1, wherein
theinterface (100) is configured to receive respective
positions of the catheter (15)that are measured while
the catheter (15) touches the points, and wherein
the processor (110) is configured to output to the
display the levels at the respective positions on the
map of the heart (18).

4. The apparatus (40) according to claim 1, wherein
the interface is configured to receive the selected
spectral slice from a slide bar input device (65).

5. The apparatus (40) according to claim 1, wherein
the processor (110) is configured to output to the
display the calculated levels by assigning the levels
respective colors and coloring the map of the heart
(18) in accordance with the colors.

6. The apparatus (40) according to claim 1, wherein
the interface (100) is configured to receive a digitized
three-dimensional image of the heart (18), and
wherein the processor (110) is configured to corre-
late the calculated levels to the multiple points on
the image, and to output to the display the map of
the correlated calculated levels and the image on a
user display (60).
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Patentanspriiche

1.

Vorrichtung (40), umfassend:

eine Schnittstelle (100), die dazu ausgelegt ist,
eine Benutzereingabe zu empfangen, die eine
Spektralschicht anzeigt, die aus einem Fre-
quenzband ausgewabhlt ist, und eine gemesse-
ne elektrische Tatigkeit von einem Katheterna-
vigations- und - verfolgungssystem Uber einen
Katheter zu empfangen, der dazu ausgelegt ist,
eine Oberflache eines Herzens an mehreren
Punkten zu kontaktieren und entsprechende
Elektrokardiosignale an den entsprechenden
mehreren Punkten zu messen; und

einen Prozessor (110), der dazu ausgelegt ist,
entsprechende Niveaus der empfangenen elek-
trischen Aktivitat innerhalb der ausgewahlten
Spektralschicht zu berechnen, um eine Anzeige
der berechneten Niveaus auf einer Karte des
Herzens (18) anzuzeigen.

Vorrichtung (40) nach Anspruch 1, wobei der Pro-
zessor (110) dazu ausgelegt ist, die Niveaus der
elektrischen Aktivitdt innerhalb der ausgewahlten
Spektralschicht durch Errechnen eines Frequenz-
spektrums der Elektrokardiosignale an den entspre-
chenden mehreren Punkten zu berechnen.

Vorrichtung (40) nach Anspruch 1, wobei die Schnitt-
stelle (100) dazu ausgelegt ist, entsprechende Po-
sitionen des Katheters (15) zu empfangen, die ge-
messen werden, wahrend der Katheter (15) die
Punkte beriihrt, und wobei der Prozessor (110) dazu
ausgelegt ist, die Anzeige der Niveaus an den ent-
sprechenden Positionen auf der Karte des Herzens
(18) auszugeben.

Vorrichtung (40) nach Anspruch 1, wobei die Schnitt-
stelle dazu ausgelegt ist, die ausgewahlte Spektral-
schicht von einer Schiebeleisteneingabevorrichtung
(65) zu empfangen.

Vorrichtung (40) nach Anspruch 1, wobei der Pro-
zessor (110) dazu ausgelegt ist, die Anzeige der be-
rechneten Niveaus auszugeben, indemden Niveaus
entsprechende Farben zugewiesen werden und die
Karte des Herzens (18) gemal den Farben koloriert
wird.

Vorrichtung (40) nach Anspruch 1, wobei die Schnitt-
stelle (100) dazu ausgelegtist, ein digitalisiertes drei-
dimensionales Bild des Herzens (18) zu empfangen,
und wobei der Prozessor (110) dazu ausgelegt ist,
die berechneten Niveaus mit den mehreren Punkten
in dem Bild zu korrelieren und an die Anzeige der
Karte der korrelierten berechneten Niveaus und das
Bild an eine Benutzeranzeige (60) auszugeben.
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Revendications

1.

Appareil (40), comprenant :

une interface (100), qui est configurée pour re-
cevoir une entrée utilisateur indiquant une cou-
pe spectrale sélectionnée dans une bande de
fréquence et pour recevoir une activité électri-
que mesurée en provenance d’'un systeme de
navigation et de suivi de cathéter par lI'intermé-
diaire d’un cathéter qui est configuré pour entrer
en contact avec une surface d’'un coeur en de
multiples points et pour mesurer des signaux
électrocardiaques respectifs au niveau des mul-
tiples points respectifs ; et

un processeur (110), qui est configuré pour cal-
culer des niveaux respectifs de I'activité électri-
que regue dans la coupe spectrale sélectionnée,
et pour sortir sur un écran les niveaux calculés
sur une carte du coeur (18).

Appareil (40) selon la revendication 1, dans lequel
le processeur (110) est configuré pour calculer les
niveaux de l'activité électrique dans la coupe spec-
trale sélectionnée en calculant un spectre fréquentiel
des signaux électrocardiaques au niveau des multi-
ples points respectifs.

Appareil (40) selon la revendication 1, dans lequel
l'interface (100) est configurée pour recevoir des po-
sitions respectives du cathéter (15) qui sont mesu-
rées pendant que le cathéter (15) touche les points,
etdans lequel le processeur (110) est configuré pour
sortir sur I'écran les niveaux aux positions respecti-
ves sur la carte du coeur (18).

Appareil (40) selon la revendication 1, dans lequel
linterface est configurée pour recevoir la coupe
spectrale sélectionnée en provenance d’un dispositif
d’entrée a barre coulissante (65).

Appareil (40) selon la revendication 1, dans lequel
le processeur (110) est configuré pour sortir sur
I'écran les niveaux calculés en attribuant aux ni-
veaux des couleurs respectives et en colorant la car-
te du coeur (18) en fonction des couleurs.

Appareil (40) selon la revendication 1, dans lequel
linterface (100) est configurée pour recevoir une
image tridimensionnelle numérisée du coeur (18), et
dans lequel le processeur (110) est configuré pour
mettre en corrélation les niveaux calculés avec les
multiples points sur I'image, et pour sortir sur I'écran
la carte des niveaux calculés corrélés et I'image sur
un écran (60) d’utilisateur.
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