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(57) A system includes an electrical interface and a
processor. The electrical interface is configured for com-
municating with a probe inserted into a heart of a patient.
The processor is configured to receive, via the electrical
interface, (i) a first indication of an electrical impedance
measured by the probe at a given location on an inner
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surface of the heart, and (ii) a second indication of a qual-
ity of mechanical contact between the probe and the inner
surface of the heart during measurement of the electrical
impedance. The processor is further configured, based
on the first and second indications, to classify tissue at
the given location as scar tissue.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates generally to car-
diacmapping, and particularly to mapping of intra-cardiac
scar tissue.

BACKGROUND OF THE INVENTION

[0002] Invasive cardiac procedures often employ tech-
niques for mapping electro-anatomical properties of car-
diac tissue. For example, U.S. Patent Application Publi-
cation 2013/0072774 describes a method and system
for determining the mechanism of cardiac arrhythmia in
a patient. The method basically entails measuring the
impedance of cardiac tissue in a portion of the patient’s
heart using a catheter so as to produce an iso-impedance
map of that cardiac tissue on a video display and ana-
lyzing the pattern of the iso-impedance map to differen-
tiate focal arrhythmia caused by a circumscribed region
of focal firing. The method can also be used to identify
regions of coherent rapidly conducting tissue, to identify
focal "mother rotors" throughout the left atrium that may
participate in the generation and maintenance of atrial
fibrillation.

[0003] Asanotherexample, U.S. Patent5,673,704 de-
scribes a method of locating infarcted myocardial tissue
in a beating heart. The method includes inserting an im-
pedance measuring tip of a catheter into the chamber of
the beating heart, particularly the left or right ventricle,
and measuring the impedance of the endocardium at var-
ious locations within the chamber of the beating heart.
The values measured are compared to impedance val-
ues with a predetermined range of values to identify an
infarcted area of myocardium and distinguish such area
from normal myocardium. The measurements are also
compared to a range of values for an infarction border
zone. In accordance with the invention, the infarction bor-
der zone may be located. The infarction border zone is
a significant source of arrhythmia, and particularly of ven-
tricular tachycardia. Further, in accordance with the
methods of the present invention, the risk of arrhythmia
in a beating heart may be substantially reduced or elim-
inated by ablating endocardium within the infarction bor-
der zone utilizing the same catheter tip. Impedance
measurements may also be utilized to assess the ade-
quacy of the electrode-tissue contact, particularly in a
fluid filled body organ or cavity.

SUMMARY OF THE INVENTION

[0004] An embodiment of the present invention pro-
vides a system including an electrical interface and a
processor. The electrical interface is configured for com-
municating with a probe inserted into a heart of a patient.
The processor is configured to receive, via the electrical
interface, (i) a first indication of an electrical impedance
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measured by the probe at a given location on an inner
surface of the heart, and (ii) a second indication of a qual-
ity of mechanical contactbetween the probe and the inner
surface of the heart during measurement of the electrical
impedance. The processor is further configured, based
on the first and second indications, to classify tissue at
the given location as scar tissue.

[0005] Insome embodiments, the processor is config-
ured to distinguish, based on the second indication, be-
tween the scar tissue and blood. In some embodiments,
the processor is configured to classify the tissue as the
scar tissue by detecting that the tissue has an impedance
lower than a given baseline impedance. In an embodi-
ment, the baseline impedance includes a measured
blood impedance in the heart. In another embodiment,
the baseline impedance includes a measured tissue im-
pedance averaged over a portion of the inner surface of
the heart.

[0006] Insome embodiments, the processor is config-
ured to receive the second indication from one or more
sensors that are fitted at a distal end of the probe. In
some embodiments, the processor is configured to cal-
culate from the first indication a respective estimated lo-
cation of the probe in the heart. In an embodiment, the
processor is configured to update a map of at least part
of the heart by incorporating the estimated location of the
probe into the map.

[0007] In another embodiment, the processor is con-
figured to update the map with the measured electrical
impedance at the estimated location. In some embodi-
ments, the processor is configured to differentiate the
scar tissue from healthy tissue on the map using at least
one of numerical and visual coding.

[0008] There is additionally provided, in accordance
with an embodiment of the present invention, a method
for detecting intra-cardiac scar tissue. The method in-
cludes receiving, from a probe inserted into a heart of a
patient, (i) a first indication of an electrical impedance
measured by the probe at a given location on an inner
surface of the heart, and (ii) a second indication of a qual-
ity of mechanical contactbetween the probe and the inner
surface of the heart during measurement of the electrical
impedance. Based on the first and second indications,
tissue at the given location is classified as scar tissue.
[0009] 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
[0010]

Fig. 1is a schematic, pictorial illustration of a system
for electro-anatomical mapping, in accordance with
an embodiment of the present invention;

Fig. 2 is a schematic, pictorial illustration of an elec-
tro-anatomical map of a portion of a patient’s heart,
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in accordance with an embodiment of the present
invention; and

Fig. 3 is a flow chart that schematically illustrates a
method for identifying intra-cardiac scars, in accord-
ance with an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OVERVIEW

[0011] Embodiments of the present invention that are
described herein provide systems and methods for iden-
tification of intra-cardiac scar tissue. In some embodi-
ments, a map indicating scar and healthy tissue of an
inner wall of a heart is created. The map may be used
for any diagnostic/therapeutic procedure that can benefit
from identifying scar tissue, such as selecting an appro-
priate ablation site, and ruling out locations that were
already ablated.

[0012] In some embodiments, an electro-anatomical
mapping system is provided, which uses an electro-an-
atomical mapping catheter having electrical-potential
sensing electrodes fitted at its distal end. The electro-
anatomical mapping catheter is used for obtaining tissue
impedance measurements of selected points on aninner
wall tissue of a heart.

[0013] The measured electrical impedance of healthy
heart tissue is typically higher than the measured blood
impedance, which is seen as an increased measured
electrode impedance at and/or nearby a healthy tissue.
The measured impedance of a scar, on the other hand,
is typically similar or lower than that of blood, which is
seen as a lowered measured electrode impedance.
Thus, scar tissue may be identified as an area in which
the electrical impedance is particularly low.

[0014] Achallenge, when attempting to differentiate an
intra-cardiac scar tissue from healthy tissue and/or blood,
is that it is difficult to distinguish between scar tissue and
blood using impedance measurements alone. For exam-
ple, a low impedance reading may result from measuring
scar tissue, or from measuring any tissue without making
good mechanical contact between the tissue and the
electrical-sensing electrodes. Consequently, for exam-
ple, it may be unclear whether or how the location of a
given electrode, and/or any information carried by an im-
pedance signal received from the electrode, should be
incorporated into a map, such as an electro-anatomical
map, under construction.

[0015] To address this challenge, in some embodi-
ments the disclosed system ascertaining sufficient me-
chanical contact of the electrodes with the tissue, in par-
allel with measuring tissue impedance, so as to make
the distinction between blood and scar tissue possible.
In some embodiments, the mechanical contact with the
tissue is ascertained by tracking the shape of the cathe-
ter’s flexible distal end as it changes when it comes in
contact with tissue. In other embodiments, sufficient con-
tact with tissue is ascertained by one or more sensors,
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which are fitted at the distal end of the electro-anatomical
mapping catheter and provide a measure of the contact.
Such sensors may comprise, for example, contact force
sensors, pressure sensors, mechanical deformation de-
tection sensors, or ultrasound-based contact sensors.
Any type of sensors that are used for ascertaining elec-
trode contact with tissue are referred to herein as 'contact
sensors.’

[0016] In some embodiments, given that the mechan-
ical contact is sufficient, the system identifies scar tissue
by comparing the measured tissue impedance with a
baseline impedance. Examples of possible baseline im-
pedances are average tissue impedance and surround-
ing blood impedance. Techniques to determine baseline
impedance are described, for example, in U.S. Patent
Application 15/788,286, filed Oct. 19, 2017, entitled
"Baseline Impedance Maps for Tissue Proximity Indica-
tions," which is assigned to the assignee of the present
patent application and whose disclosure is incorporated
herein by reference.

[0017] A given baseline impedance may be independ-
ent of the measure of contact, as long as the contact is
sufficient, for example by the measured contact force be-
ing larger than a given minimum value. Thus, the meas-
ure of contact does not have to be uniform across the
heart tissue.

[0018] The disclosed technique, which combines elec-
trical impedance measurements with physical contact
measurements for ascertaining the quality of the physical
contact, and further applies analysis methods using a
baseline impedance criterium, may provide reliable iden-
tification of intra-cardiac scars. A reliable identification of
intra-cardiac scars can assist the physician in diagnosis
and in planning a treatment, as well as in the diagnosis
and analysis of past treatment outcomes.

SYSTEM DESCRIPTION

[0019] Fig. 1 is a schematic, pictorial illustration of a
system 21 for electro-anatomical mapping, in accord-
ance with an embodiment of the present invention.
[0020] Fig. 1 depicts a physician 27 using an electro-
anatomical catheter 29 to perform an electro-anatomical
mapping of a heart 23 of a patient 25. Catheter 29 com-
prises, at its distal end, one or more arms 20, which may
be mechanically flexible, to each of which are coupled
one or more electrodes 22. During the mapping proce-
dure, electrodes 22 acquire and/or inject signals from
and/or to the tissue of heart 23. A processor 28 receives
these signals via an electrical interface 35, and uses in-
formation contained in these signals to construct an elec-
tro-anatomical map 31. During and/or following the pro-
cedure, processor 28 may display electro-anatomical
map 31 on a display 26.

[0021] During the procedure, the respective locations
of electrodes 22 are tracked. Such tracking may be per-
formed, for example, using the aforementioned ACL
technique. Per this technique, a plurality of external elec-
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trodes 24 are coupled to the body of patient 25; for ex-
ample, three external electrodes 24 may be coupled to
the patient’s chest, and another three external electrodes
may be coupled to the patient’s back. (For ease of illus-
tration, only one external electrode is shown in Fig. 1.)
While electrodes 22 are inside heart 23 of the patient,
electric currents are passed between electrodes 22 and
external electrodes 24. Based on the ratios between the
resulting current amplitudes measured at external elec-
trodes 24 (or between the impedances implied by these
amplitudes), and given the known positions of electrodes
24 on the patient’s body, processor 28 calculates an es-
timated location of each of electrodes 22 within the pa-
tient’s heart. The processor may thus associate any given
impedance signal received from electrodes 22 with the
location at which the signal was acquired.

[0022] In an embodiment, processor 28 is further con-
figured to indicate the quality of mechanical contact be-
tween each electrode of electrodes 22 and the inner sur-
face of the heart during measurement. The indication is
based on modeling flexion of the arms 20 so as to indicate
for each electrode, whether the electrode is pressed
against tissue (and possibly estimate the extent of con-
tact force).

[0023] The example illustration shown in Fig. 1 is cho-
sen purely for the sake of conceptual clarity. Other type
of sensing geometries, such as of the Lasso® Catheter
(produced by Biosense Webster Inc.) may also be em-
ployed. Alternative or additional contact sensors may be
fitted at the distal end of electro-anatomical catheter 29.
In an embodiment, measurements of some electrodes
22 may be discarded because their contact quality is
poor, and the measurements of other electrodes may be
regarded valid because their contact quality is high.
[0024] In general, processor 28 may be embodied as
a single processor, or as a cooperatively networked or
clustered set of processors. Processor 28 is typically a
programmed digital computing device comprising a cen-
tral processing unit (CPU), random access memory
(RAM), non-volatile secondary storage, such as a hard
drive or CD ROM drive, network interfaces, and/or pe-
ripheral devices. Program code, including software pro-
grams, and/or data are loaded into the RAM for execution
and processing by the CPU and results are generated
for display, output, transmittal, or storage, as is known in
the art. The program code and/or data may be download-
ed to the computer in electronic form, over a network, for
example, or it may, alternatively or additionally, be pro-
vided and/or stored on non-transitory tangible media,
such as magnetic, optical, or electronic memory. Such
program code and/or data, when provided to the proces-
sor, produce a machine or special-purpose computer,
configured to perform the tasks described herein.

INTRA-CARDIAC SCAR TISSUE IDENTIFICATION

[0025] Fig.2isaschematic, pictorialillustration of elec-
tro-anatomical map 31 of a portion of patient’'s 25 heart
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23, in accordance with an embodiment of the present
invention.

[0026] As seen, electro-anatomical map 31 indicates
two zones by using a gray-scale so as to visualize meas-
ured tissue impedance: A zone 50 is indicated as com-
prising healthy tissue while a zone 52 is classified as scar
tissue. Such visualization can be accompanied by a bar
32 for providing further explanation. In bar 32, a line 34
separates scar from healthy tissue, as evident from a
legend 36.

[0027] Inanembodiment, bar 32 represents animped-
ance scale, where line 34 represents a given baseline
impedance. Correspondingly, tissue impedance higher
than the given baseline impedance indicates by legend
36 healthy tissue, while tissue impedance equal or lower
than the given baseline impedance indicates by legend
36 scar tissue. The given baseline impedance, repre-
sented by line 34, may be that of the surrounding blood,
or average tissue impedance, for example. Typical blood
impedance values are on the order of 90-100 ohms, and
during contact with normal tissue the measured imped-
ance may increase by up to 10 percent. The numerical
values, however, are given purely by way of example.
[0028] The example illustration shown in Fig. 2 is cho-
sen purely for the sake of conceptual clarity. Other visu-
alizations schemes are possible, such a continuous scal-
ing of the measured impedance and/or color coding.
[0029] Fig. 3 is a flow chart that schematically illus-
trates a method of identifying intra-cardiac scar tissue,
in accordance with an embodiment of the present inven-
tion. The procedure may begin with physician 27 inserting
electro-anatomical catheter 29 into the heart, at an inser-
tion step 70.

[0030] Next, atasensingstep 72, physician27 deploys
and engages tissue of heart 23 at a given location. Sys-
tem 21 senses impedance through electrodes 22 while
at the same time obtaining a measure of their physical
contact with tissue.

[0031] Processor 28 of system 21 may estimate the
quality of mechanical contact of a given electrode 22 with
the tissue in any suitable way. In some embodiments,
sensors fitted at arms 20 are used, such as contact force
sensors, pressure sensors and ultrasound-based con-
tact sensors. In one example embodiment, each arm of
arms 20 is fitted with one or more strain sensors that
indicate the force with which a flexible arm is pressed
against tissue. The measured force indicates the quality
of mechanical contact. In another embodiment, the force
with which an arm is pressed against tissue is indicated
by measuring the flexion of the arm relative to its original
shape. Techniques of this sort are described, for exam-
ple, in U.S. Patent Application 15/610,865, filed June 1,
2017, entitled "Using a Piecewise-Linear Model of a
Catheter Arm to Identify Contact with Tissue," which is
assigned to the assignee of the present patent applica-
tion and whose disclosure is incorporated herein by ref-
erence. For example, if a flexible arm 20 is deflected by
more than 20 degrees from its unperturbed state, a distal
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electrode fitted on arm 20 can be considered as in con-
tact. If, for example, the deflection exceeds 35 degrees,
proximal electrodes on arm 20 can be also considered
as in contact. Generally, however, any suitable type of
contact sensor or contact sensing method can be used.
[0032] At a location estimation step 74, processor 28
calculates, fromone or more electrical currentamplitudes
measured at external electrodes 24, a respective esti-
mated location of one or more of sensing electrodes 22.
[0033] The method now proceeds to a contact verifi-
cation step 76, in which processor 28 determines based
on the calculated measure of contact whether one or
more of sensing electrodes 22 are in sufficient contact
at the estimated location.

[0034] If the determination at decision step 76 is neg-
ative, then the method returns to step 72 and physician
27 may reattempt to engage tissue. If the determination
at step 76 is affirmative, then the method proceeds to a
tissue classification step 78, in which physician 27 (or
the processor, automatically) determines whether or not
the tissue impedance is lower than a given baseline im-
pedance. If the determination at step 76 is negative, then
the processor classifies the tissue at the location in ques-
tion as healthy, at a healthy tissue indication step 80. If
the determination at step 78 is affirmative, then the proc-
essor classifies the tissue as scar tissue, at a scar indi-
cation step 82.

[0035] The method proceeds to a map updating step
84 in which processor 28 marks a part of electro-ana-
tomical map 31 as comprising either healthy or scar tis-
sue. In some embodiments, processor 28 updates part
of electro-anatomical map 31 with the measured electri-
cal impedance at the given location, as estimated at in
step 74. In an embodiment, processor 28 updates part
of electro-anatomical map 31 by incorporating into the
map an estimated location of the at least one of the elec-
trodes ascertained to be in contact with tissue at the es-
timated location.

[0036] The procedure may be iterated for multiple lo-
cations on the inner surface of heart 23, by moving the
catheter so as to engage another location over tissue, at
a catheter moving step 86. The method may then return
to step 72.

[0037] The example flow chart shown in Fig. 3 is cho-
sen purely for the sake of conceptual clarity. In alternative
embodiments, various steps may be performed to assess
contact quality and to analyze and visualize tissue im-
pedance.

[0038] Although the embodiments described herein
mainly address pulmonary vein isolation, the methods
and systems described herein can also be used in other
applications.

[0039] It willthus be appreciated that the embodiments
described above are cited by way of example, and that
the present invention is not limited to what has been par-
ticularly shown and described hereinabove. Rather, the
scope of the present invention includes both combina-
tions and sub-combinations of the various features de-
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scribed hereinabove, as well as variations and modifica-
tions thereof which would occur to persons skilled in the
art upon reading the foregoing description and which are
not disclosed in the prior art. Documents incorporated by
reference in the present patent application are to be con-
sidered an integral part of the application except that to
the extent any terms are defined in these incorporated
documents in a manner that conflicts with the definitions
made explicitly or implicitly in the present specification,
only the definitions in the present specification should be
considered.

ASPECTS OF THE INVENTION
[0040]

1. A method for detecting intra-cardiac scar tissue,
the method comprising:

receiving, from a probe inserted into a heart of
a patient, (i) a first indication of an electrical im-
pedance measured by the probe at a given lo-
cation on an inner surface of the heart, and (ii)
a second indication of a quality of mechanical
contactbetween the probe and the inner surface
ofthe heartduring measurement of the electrical
impedance; and

based on the first and second indications, clas-
sifying tissue at the given location as scar tissue.

2. The method according to aspect 1, wherein clas-
sifying the tissue comprises distinguishing, based on
the second indication, between the scar tissue and
blood.

3. The method according to aspect 2, wherein clas-
sifying the tissue comprises detecting that the tissue
has an impedance lower than a given baseline im-
pedance.

4. The method according to aspect 3, wherein the
baseline impedance comprises a measured blood
impedance in the heart.

5. The method according to aspect 3, wherein the
baseline impedance comprises a measured tissue
impedance averaged over a portion of the inner sur-
face of the heart.

6. The method according to aspect 1, wherein re-
ceiving the second indication comprises receiving
the second indication from one or more sensors that
are fitted at a distal end of the probe.

7. The method according to aspect 1, and comprising
calculating from the first indication a respective es-
timated location of the probe in the heart.
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8. The method according to aspect 7, and comprising
updating a map of at least part of the heart by incor-
porating the estimated location of the probe into the
map.

9. The method according to aspect 8, and comprising
updating the map with the measured electrical im-
pedance at the estimated location.

10. The method according to aspect 8, and compris-
ing differentiating the scar tissue from healthy tissue
on the map using at least one of numerical and visual
coding.

Claims

A system, comprising:

an electrical interface for communicating with a
probe inserted into a heart of a patient; and
a processor, which is configured to:

receive, via the electrical interface, (i) a first
indication of an electrical impedance meas-
ured by the probe at a given location on an
inner surface of the heart, and (ii) a second
indication of a quality of mechanical contact
between the probe and the inner surface of
the heart during measurement of the elec-
trical impedance; and

based on the first and second indications,
classify tissue at the given location as scar
tissue.

The system according to claim 1, wherein the proc-
essor is configured to distinguish, based on the sec-
ond indication, between the scar tissue and blood.

The system according to claim 1, wherein the proc-
essor is configured to classify the tissue as the scar
tissue by detecting that the tissue has an impedance
lower than a given baseline impedance.

The system according to claim 3, wherein the base-
line impedance comprises a measured blood imped-
ance in the heart.

The system according to claim 3, wherein the base-
line impedance comprises a measured tissue imped-
ance averaged over a portion of the inner surface of
the heart.

The system according to claim 1, wherein the proc-
essor is configured to receive the second indication
from one or more sensors that are fitted at a distal
end of the probe.
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7.

10.

The system according to claim 1, wherein the proc-
essor is configured to calculate from the first indica-
tion a respective estimated location of the probe in
the heart.

The system according to claim 7, wherein the proc-
essor is configured to update a map of at least part
of the heart by incorporating the estimated location
of the probe into the map.

The system according to claim 8, wherein the proc-
essoris configured to update the map with the meas-
ured electrical impedance at the estimated location.

The system according to claim 8, wherein the proc-
essor is configured to differentiate the scar tissue
from healthy tissue on the map using at least one of
numerical and visual coding.
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