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Description
TECHNICAL FIELD

[0001] The disclosure relates to cardiac monitoring
and therapy and, more particularly, to evaluation of car-
diac tissue to determine a location for cardiac monitoring
and therapy delivery.

BACKGROUND

[0002] Cardiac pacing is delivered to patients to treat
a wide variety of cardiac dysfunctions. Cardiac pacing is
often delivered by an implantable medical device (IMD),
which may also provide cardioversion or defibrillation in
response to detected cardiac tachyarrhythmias, if need-
ed. The IMD delivers such stimulation to the heart via
electrodes located on one or more leads, which are typ-
ically intracardiac leads.

[0003] Patients with heart failure may be treated with
cardiac resynchronization therapy (CRT). CRT is a form
of cardiac pacing. The ventricles of some heart failure
patients contract in an uncoordinated, or asynchronous,
manner, which greatly reduces the pumping efficiency of
the ventricles. CRT delivers pacing pulses at particular
times, e.g., atrio-ventircular (A-V) intervals and/or intra-
ventricular (V-V) intervals, and particular locations, e.g.,
to one or both of the right and left ventricles, to re-coor-
dinate the contraction of the ventricles. In some exam-
ples, CRT involves delivery of pacing pulses to both ven-
tricles to synchronize their contraction. In other exam-
ples, CRT involves delivery of pacing pulses to one ven-
tricle, such as the left ventricle, to synchronize its con-
traction with that of the right.

[0004] The effectiveness of CRT in improving a pa-
tient’s cardiac function, referred to as CRT response,
may be negatively affected when a left-ventricular (LV)
pacing electrode is located proximate scar (or otherwise
abnormal) substrate, e.g., because the abnormal sub-
strate may not depolarize, and therefore not effectively
propagate the depolarization throughout the left ventri-
cle, in response to the pacing stimulus. Abnormal sub-
strate may include epicardial and/or transmural scar sub-
strate, as well as other abnormal substrate, such as fi-
brosis. During implantation, an LV lead may be reposi-
tioned to avoid abnormal substrate. Some LV leads in-
clude multiple electrodes available for selection for de-
livery of LV pacing, and may be referred to as multipolar
leads. During or after implantation, a different electrode
of a multipolar LV lead may be selected to avoid pacing
via an electrode located proximate abnormal LV sub-
strate.

[0005] One type of LV mapping procedure involves ad-
vancing a closely-spaced bipolar electrode pair at a distal
end of a mapping catheter to a variety of LV locations,
and determining the amplitude of ventricular depolariza-
tions within the bipolar electrogram sensed by the bipolar
electrode pair at the various LV locations. Amplitudes
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below a threshold are considered indicative of scar sub-
strate at the location of the bipolar pair. Typically, the
electrogram is sensed during intrinsic conduction, e.g.,
with ventricular activation via the His-Purkinje system
during sinus rhythm, and the threshold is valid under
these circumstances. Such an LV mapping procedure
may be performed prior to LV lead implantation, or for
patients with hemodynamically intolerable ventricular
tachycardia, to identify scar substrate.

[0006] US 2013/030314 A1 shows a system config-
ured to perform arrhythmia discrimination based on ac-
tivation times, wherein one or more LV pacing sites are
selected in dependence on the localized cardiac function
at the plurality of different LV chamber regions.

[0007] US 2013/006317 A1 shows a system config-
ured to characterize electrical substrate of the LV cham-
ber, e.g. identifying a likely location of an ischemic sub-
strate.

[0008] US 2013/218223 A1 shows a system for select-
ing an optimal LV electrode by measuring activation
times, in particular in the presence of an area of anatomic
block (e.g. due to scar).

SUMMARY

[0009] The present invention provides a system for
identifying abnormal cardiac substrate as defined in the
appended claims.

[0010] Aspects, embodiments, examples, systems
and methods of the present disclosure which do not fall
within the scope of the appended claims do not form part
of the present invention.

[0011] Ingeneral, the disclosure is directed to devices,
systems and techniques for identifying abnormal cardiac
substrate, e.g., scar substrate, of the left ventricle during
left-ventricular (LV) pacing. An LV lead implanted on the
left ventricle, e.g., through the coronary sinus and into a
cardiac vein on the left ventricle, includes a bipolar elec-
trode pair to sense an LV bipolar cardiac electrogram
signal of LV tissue proximate the bipolar electrode pair.
Systems according to this disclosure may indicate wheth-
er the LV tissue proximate the bipolar electrode pair is
abnormal cardiac substrate based on an amplitude, e.g.,
peak-to-peak amplitude, of LV-paced depolarizations
within the LV bipolar cardiac electrogram signal. In some
examples, another electrode (other than the electrodes
of the bipolar pair) of the LV lead, or an electrode of an-
other LV lead, delivers the LV pacing. The pacing elec-
trode may be spaced at least a threshold distance from
the bipolar pair of electrodes.

[0012] In one example, the disclosure is directed to a
system for identifying abnormal cardiac substrate. The
system comprises at least one implantable left-ventricu-
lar (LV) lead comprising a plurality of electrodes, wherein
the plurality of electrodes includes at least one bipolar
electrode pair configured to sense a LV bipolar cardiac
electrogram signal of LV tissue proximate the bipolar
electrode pair. The system further comprises a signal
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generator configured to deliver cardiac pacing pulses to
a leftventricle via atleast one of the plurality of electrodes
of the at least one LV lead, and a cardiac tissue analysis
module configured to determine an amplitude of a depo-
larization within the LV bipolar cardiac electrogram sig-
nal, the depolarization resulting from the delivery of car-
diac pacing pulses to the left ventricle. The amplitude
indicates whether the LV tissue proximate the bipolar
electrode pair comprises abnormal cardiac substrate,
and the cardiac tissue analysis module is further config-
ured to provide an indication of whether the LV tissue
proximate the bipolar electrode pair comprises abnormal
cardiac substrate based on the amplitude.

[0013] In another example, the disclosure is directed
to a method for identifying abnormal cardiac substrate
comprising sensing, by a bipolar electrode pair, a left-
ventricular (LV) bipolar cardiac electrogram signal of LV
tissue proximate the bipolar electrode pair, wherein at
least one implanted LV lead comprises a plurality of elec-
trodes, and the plurality of electrodes includes the bipolar
electrode pair. The method further comprises delivering,
by a signal generator, cardiac pacing pulses to a left ven-
tricle via at least one of the plurality of electrodes of the
atleastone LV lead, and determining, by a cardiac tissue
analysis module, an amplitude of a depolarization within
the LV bipolar cardiac electrogram signal, the depolari-
zation resulting from the delivery of cardiac pacing pulses
to the left ventricle. The amplitude indicates whether the
LV tissue proximate the bipolar electrode pair comprises
abnormal cardiac substrate. The method further compris-
es providing, by the cardiac tissue analysis module, an
indication of whether the LV tissue proximate the bipolar
electrode pair comprises abnormal cardiac substrate
based on the amplitude.

[0014] In another example, the disclosure is directed
to a system for identifying abnormal cardiac substrate.
The system comprises means for sensing, via a bipolar
electrode pair, a left-ventricular (LV) bipolar cardiac elec-
trogram signal of LV tissue proximate the bipolar elec-
trode pair, wherein atleast one implantable LV lead com-
prises a plurality of electrodes, and the plurality of elec-
trodes includes the bipolar electrode pair. The system
further comprises means for delivering cardiac pacing
pulses to a left ventricle via at least one of the plurality
of electrodes of the at least one LV lead, and means for
determining an amplitude of a depolarization within the
LV bipolar cardiac electrogram signal, the depolarization
resulting from the delivery of cardiac pacing pulses to the
left ventricle. The amplitude indicates whether the LV tis-
sue proximate the bipolar electrode pair comprises ab-
normal cardiac substrate, and the system further com-
prises means for providing an indication of whether the
LV tissue proximate the bipolar electrode pair comprises
abnormal cardiac substrate based on the amplitude.
[0015] In another example, the disclosure is directed
to a non-transitory computer-readable storage medium
comprising instructions that, when executed by at least
one processor, cause the at least one processor to re-
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ceive, via a bipolar electrode pair, a left-ventricular (LV)
bipolar cardiac electrogram signal of LV tissue proximate
the bipolar electrode pair, wherein at least one implant-
able LV lead comprises a plurality of electrodes, and the
plurality of electrodes includes the bipolar electrode pair.
The instructions further cause the processor to determine
an amplitude of a depolarization within the LV bipolar
cardiac electrogram signal, the depolarization resulting
from the delivery of cardiac pacing pulses to a left ven-
tricle via at least one of the plurality of electrodes of the
at least one LV lead. The amplitude indicates whether
the LV tissue proximate the bipolar electrode pair com-
prises abnormal cardiac substrate. The instructions fur-
ther cause the processor to provide an indication of
whether the LV tissue proximate the bipolar electrode
pair comprises abnormal cardiac substrate based on the
amplitude.

[0016] In another aspect, the disclosure is directed to
a computer-readable storage medium, which may be an
article of manufacture. The computer-readable storage
medium includes computer-readable instructions for ex-
ecution by one or more processors. The instructions
cause one or more processors to perform any part of the
techniques described herein. The instructions may be,
for example, software instructions, such as those used
to define a software or computer program. The software
or computer program may be, for example, modified or
otherwise updated base on a specific patient’s require-
ments. The computer-readable medium may be a com-
puter-readable storage medium such as a storage device
(e.g., a disk drive, or an optical drive), memory (e.g., a
Flash memory, read only memory (ROM), or random ac-
cess memory (RAM)) or any other type of volatile or non-
volatile memory that stores instructions (e.g., in the form
of a computer program or other executable) to cause a
programmable processor to perform the techniques de-
scribed herein. In some examples, the computer-reada-
ble storage medium is non-transitory.

[0017] The details of one or more examples consistent
with the present disclosure are set forth in the accompa-
nying drawings and the description below. Other fea-
tures, objects, and advantages will be apparent from the
description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0018]

FIG. 1 is a conceptual diagram illustrating an exam-
ple system for monitoring and treating cardiac
events, which may be used to identify abnormal car-
diac substrate according to the techniques of this
disclosure.

FIG. 2 is a conceptual diagram illustrating the IMD
and leads of the system of FIG. 1 in greater detail.
FIG. 3 is a conceptual diagram illustrating an exam-
ple configuration of the left-ventricular lead of the
system of FIG. 1.
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FIG. 4 block diagram illustrating an example config-
uration of an IMD for monitoring and treating cardiac
events, which may be used to identify abnormal car-
diac substrate according to the techniques of this
disclosure.

FIG. 5is ablock diagramiillustrating an example con-
figuration of an external programmer, which may be
used with an IMD to identify abnormal cardiac sub-
strate according to the techniques of this disclosure.
FIG. 6 is a block diagram illustrating an example car-
diactissue analysis module that may be used toiden-
tify abnormal cardiac substrate according to the tech-
niques of this disclosure.

FIG. 7 is aflow diagramiillustrating an example meth-
od of identifying abnormal cardiac substrate.

FIG. 8is aflow diagramiillustrating an example meth-
od of identifying abnormal cardiac substrate during
left-ventricular lead implantation according to the
techniques of this disclosure.

DETAILED DESCRIPTION

[0019] Thisdisclosure describes devices, systems and
techniques for identifying abnormal cardiac substrate,
e.g., scar substrate, of the left ventricle during left-ven-
tricular (LV) pacing. An LV lead implanted on the left ven-
tricle includes a bipolar electrode pair, e.g., a short-
spaced sensing bipole, configured to sense an LV bipolar
cardiac electrogram signal of LV tissue proximate the
bipolar electrode pair. Systems according to this disclo-
sure may indicate whether the LV tissue proximate the
bipolar electrode pair is abnormal cardiac substrate
based on an amplitude, e.g., peak-to-peak voltage, of
LV-paced depolarizations within the LV bipolar cardiac
electrogram signal. In some examples, another electrode
(other than the electrodes of the bipolar pair) of the LV
lead, or an electrode of another LV lead, delivers the LV
pacing. In some examples, the pacing electrode is
spaced at least a threshold distance from the bipolar pair
of electrodes used to sense the LV bipolar cardiac elec-
trogram.

[0020] As discussed above, some LV mapping proce-
dures involve advancing a closely-spaced bipolar elec-
trode pair at a distal end of a mapping catheter to a variety
of LV locations, e.g., epicardially. Such mapping proce-
dures may be performed to identify locations of scar sub-
strate, or other abnormal cardiac substrate, based on the
amplitudes of depolarizations sensed by the closely-
spaced bipolar electrode pair. In general, a threshold de-
polarization amplitude may distinguish normal and ab-
normal cardiac substrate during such mapping proce-
dures. Such LV mapping procedures may be performed
in patients with hemodynamically intolerable ventricular
tachycardia (VT) to identify abnormal substrate that may
be causing or contributing to VT. Such LV mapping pro-
cedures may be performed, for example, prior to, or dur-
ing, a cardiac ablation procedure to identify targets for
ablation.
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[0021] Such LV mapping procedures may also be per-
formed prior to LV lead implantation. As discussed
above, the effectiveness of CRT in improving a patient’s
cardiac function, referred to as CRT response, or the
effectiveness of LV pacing in general, may be negatively
affected when a left-ventricular (LV) pacing electrode is
located proximate to scar (or otherwise abnormal) sub-
strate. Accordingly, LV mapping procedures, using a
mapping catheter thathas a short-spaced sensing bipole,
have been performed prior to LV lead implantation to
identify abnormal substrate to avoid during LV lead im-
plantation.

[0022] The mapping catheters used during such LV
mapping procedures generally do not include additional
electrodes for pacing. Accordingly, the electrogram is
typically sensed by the closely-spaced bipole on the map-
ping catheter during intrinsic conduction. Furthermore,
the depolarization amplitude threshold used to distin-
guish between normal and abnormal tissue during such
procedures has been determined based on electrogram
data collected from subjects during intrinsic conduction
of sinus rhythm.

[0023] The techniques of this disclosure may facilitate
identification of abnormal cardiac substrate during LV
pacing. ldentification of abnormal cardiac substrate dur-
ing LV pacing may be desired in cases in which ventricu-
lar pacing is necessary because the patient has an un-
derlying heart block. Identification of abnormal cardiac
substrate during LV pacing may also be desired during
implantation of an LV lead, e.g., during implantation of a
systemto deliver CRT. During implantation of an LV lead,
e.g., for delivery of CRT, the lead may be implanted such
that the distal portion of the lead is within the coronary
sinus and/or a cardiac vein branching from the coronary
sinus. The lead may be moved and/or different electrodes
of the lead selected, to select different tissue sites of the
LV for the delivery of the LV pacing. In some cases, car-
diac performance metrics, such as cardiac output, or me-
chanical or electrical dyssynchrony, are monitored during
delivery of LV pacing atdifferent sites and/or with different
timings relative to right-ventricular or atrial depolariza-
tion. A desired site and timing for LV pacing may be se-
lected based on the cardiac performance metrics.
[0024] The disclosed techniques for identifying abnor-
mal cardiac substrate may be implemented during im-
plantation ofan LV lead, e.g., for CRT, which may enable
placement of the LV lead to avoid the abnormal cardiac
substrate. Rather than using a separate mapping cath-
eter to identify abnormal substrate, e.g., prior to implan-
tation of the LV lead, the techniques of this disclosure
may enable identification of abnormal cardiac substrate
during implantation of the LV lead, by using a short-
spaced bipolar pair of electrodes on the LV lead as a
sensing bipole to identify the abnormal cardiac substrate.
The LV lead may also deliver LV pacing during the iden-
tification of abnormal substrate, e.g., as described above
for determining a stimulation site and timing for delivery
of CRT. Delivery of the LV pacing through an electrode
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of the LV lead that is at least a threshold distance from
the short-spaced bipolar pair of electrodes may enable,
or increase the ability of, systems according to this dis-
closure to distinguish between normal and abnormal car-
diac substrate during LV pacing.

[0025] The depolarization of the LV when paced is dif-
ferent than intrinsic depolarization of the LV. For exam-
ple, paced depolarization of the LV may generally
progress from epicardial to endocardial tissue, and from
the pacing site, while intrinsic depolarization may gener-
ally progress from endocardial to epicardial tissue, and
from the Purkinje fibers. Because the paced LV depolari-
zation is different than intrinsic depolarization, the thresh-
old depolarization amplitude for distinguishing between
abnormal and normal cardiac substrate for catheter map-
ping procedures, during intrinsic sinus rhythm, may be
inapplicable, or not as effective, for distinguishing be-
tween abnormal and normal cardiac substrate during LV
pacing. Accordingly, techniques according to this disclo-
sure may use a different threshold depolarization ampli-
tude for distinguishing between abnormal and normal
cardiac substrate, specific to LV pacing, compared to the
threshold depolarization amplitude for distinguishing be-
tween abnormal and normal cardiac substrate for cath-
eter mapping procedures.

[0026] FIG. 1 is a conceptual diagram illustrating an
example system 10 for monitoring and treating cardiac
events, which may be used to identify abnormal cardiac
substrate according to the techniques of this disclosure.
As illustrated by example system 10 in FIG. 1, a system
for identifying abnormal cardiac substrate according to
the techniques of this disclosure may include an IMD 16,
such as an implantable cardiac pacemaker, implantable
cardioverter/defibrillator (ICD), or pacemaker/cardiovert-
er/defibrillator, for example. IMD 16 is connected to leads
18, 20 and 22 and is communicatively coupled to a pro-
grammer 24. IMD 16 senses electrical signals attendant
to the depolarization and repolarization of heart 12, e.g.,
a cardiac electrogram (EGM), via electrodes on one or
more leads 18, 20 and 22 or the housing of IMD 16. IMD
16 may also deliver therapy in the form of electrical sig-
nals to heart 12 via electrodes located on one or more
leads 18, 20 and 22 or a housing of IMD 16. The therapy
may be pacing, cardioversion and/or defibrillation pulses.
IMD 16 may monitor EGM signals collected by electrodes
on leads 18, 20 or 22, and based on the EGM signal,
diagnose and treat cardiac episodes.

[0027] Leads 18, 20, 22 extend into the heart 12 of
patient 14 to sense electrical activity of heart 12 and/or
deliver electrical stimulation to heart 12. In the example
shown in FIG. 1, right ventricular (RV) lead 18 extends
through one or more veins (not shown), the superiorvena
cava (not shown), and right atrium 26, and into right ven-
tricle 28. Left ventricular (LV) lead 20 extends through
one or more veins, the vena cava, right atrium 26, and
into the coronary sinus 30 to a region adjacent to the free
wall of left ventricle 32 of heart 12. Right atrial (RA) lead
22 extends through one or more veins and the vena cava,
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and into the right atrium 26 of heart 12.

[0028] In some examples, programmer 24 takes the
form of a handheld computing device, computer work-
station or networked computing device that includes a
user interface for presenting information to and receiving
input from a user. A user, such as a physician, technician,
surgeon, electro-physiologist, or other clinician, may in-
teract with programmer 24 to retrieve physiological or
diagnostic information from IMD 16. A user may also in-
teractwith programmer 24 to program IMD 16, e.g., select
values for operational parameters of the IMD. Program-
mer 24 may include a processor configured to evaluate
EGM signals transmitted from IMD 16 to programmer 24.
[0029] IMD 16 and programmer 24 may communicate
via wireless communication using any techniques known
in the art. Examples of communication techniques may
include, for example, low frequency or radiofrequency
(RF) telemetry. Other techniques are also contemplated.
In some examples, programmer 24 may include a pro-
gramming head that may be placed proximate to the pa-
tient's body near the IMD 16 implant site in order to im-
prove the quality or security of communication between
IMD 16 and programmer 24. In some examples, pro-
grammer 24 may be located remotely from IMD 16, and
communicate with IMD 16 via a network. Programmer
24 may also communicate with one or more other exter-
nal devices using a number of known communication
techniques, both wired and wireless.

[0030] System 10 of FIG. 1 is an example of a system
for identifying abnormal cardiac substrate according to
the techniques of this disclosure. As will be described in
greater detail below, LV lead 20 is an example of an im-
plantable LV lead comprising a plurality of electrodes,
wherein the plurality of electrodes includes at least one
bipolar electrode pair configured to sense a LV bipolar
cardiac electrogram signal of tissue of the left ventricle
32 of heart 12 proximate the bipolar electrode pair. In
some examples, IMD 16 comprises a signal generator
configured to deliver cardiac pacing pulses to left ventri-
cle 32 of heart 12 via at least one of the plurality of elec-
trodes of LV lead 20. The configuration of LV lead 20,
such as the spacing between the electrodes of the bipolar
pair, and the spacing between the pacing electrode and
the electrodes of the bipolar pair, will be described in
greater detail below.

[0031] In some examples, one or both of IMD 16 and
programmer 24 includes a cardiac tissue analysis mod-
ule configured to determine an amplitude of a depolari-
zation within the LV bipolar cardiac electrogram signal,
the depolarization resulting from the delivery of cardiac
pacing pulses to left ventricle 32. As will be described in
greater detail below, the amplitude indicates whether the
LV tissue proximate the bipolar electrode pair comprises
abnormal cardiac substrate. For example, the cardiac
tissue analysis module may be configured to compare
the amplitude to a threshold, where amplitude values be-
low the threshold are indicative of abnormal cardiac sub-
strate, such as scar substrate, and amplitudes above the



9 EP 3 077 045 B1 10

threshold are indicative of normal cardiac substrate. The
cardiac tissue analysis module is further configured to
provide an indication of whether the LV tissue proximate
the bipolar electrode pair comprises abnormal cardiac
substrate based on the amplitude. In some examples,
programmer 24, or another computing device, may in-
clude a user interface, and may provide an indication of
whether the LV tissue proximate the bipolar electrode
pair comprises abnormal cardiac substrate toauser, e.g.,
a surgeon, physician, or other clinician, via the user in-
terface.

[0032] Although the techniques for identifying abnor-
mal cardiac substrate according to the techniques of this
disclosure are described herein primarily with reference
to example system 10, the techniques may be performed
by other systems that differ from example system 10. For
example, systems for identifying abnormal cardiac sub-
strate according to the techniques of this disclosure may
include an IMD having different functionality than IMD
16, and may include more, fewer or differentimplantable
cardiac leads than leads 18, 20 and 22. In some exam-
ples, systems for identifying abnormal cardiac substrate
according to the techniques of this disclosure may in-
clude only one LV lead 20, or one or more LV leads.
Additionally, systems for identifying abnormal cardiac
substrate according to the techniques of this disclosure
need notinclude programmer 24. In some examples, sys-
tems for identifying abnormal cardiac substrate accord-
ing to the techniques of this disclosure may include any
external computing device capable of communicating
with an IMD according to the techniques of this disclo-
sure, and need not include other functionality, e.g., for
programming IMD, attributed to programmer 24 herein.
[0033] Additionally, some example systems for identi-
fying abnormal cardiac substrate according to the tech-
niques of this disclosure need not include either IMD 16
or programmer 24. In some examples, while implanted
on left ventricle 32, e.g., during an LV lead implantation
procedure, LV lead 20 may be coupled to an external
device capable of providing functionality attributed to IMD
16 and programmer 24 herein, such as an external pace-
maker analyzer. In such example, the external device
may comprise a signal generator configured to deliver
cardiac pacing pulses to left ventricle 32 of heart 12 via
at least one of the plurality of electrodes of LV lead 20,
as well as a cardiac tissue analysis module as described
herein. Additionally, external device may comprise a user
interface, and may provide an indication of whether the
LV tissue proximate the bipolar electrode pair comprises
abnormal cardiac substrate to a user via the user inter-
face.

[0034] FIG. 2 is a conceptual diagram illustrating IMD
16 and leads 18, 20 and 22 of system 10 in greater detail.
In the illustrated example, bipolar electrodes 40 and 42
are located adjacent to a distal end oflead 18, and bipolar
electrodes 48 and 50 are located adjacent to a distal end
of lead 22. In addition, four electrodes 44, 45, 46 and 47
are located adjacent to a distal end of lead 20. Lead 20
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may be referred to as a quadrapolar LV lead. In other
examples, lead 20 may include more or fewer electrodes.
In some examples, LV lead 20 comprises segmented
electrodes, e.g., in which each of a plurality of longitudinal
electrode positions of the lead, such as the positions of
electrodes 44, 45, 46 and 47, includes a plurality of dis-
crete electrodes arranged at respective circumferential
positions around the circumference of lead.

[0035] In the illustrated example, electrodes 40 and
44-48 take the form of ring electrodes, and electrodes 42
and 50 may take the form of extendable helix tip elec-
trodes mounted retractably within insulative electrode
heads 52 and 56, respectively. Leads 18 and 22 also
include elongated electrodes 62 and 64, respectively,
which may take the form of a coil. In some examples,
each of electrodes 40, 42, 44-48, 50, 62, and 64 is elec-
trically coupled to a respective conductor within the lead
body of its associated lead 18, 20, 22 and thereby cou-
pled to circuitry within IMD 16.

[0036] Insomeexamples, IMD 16includesoneormore
housing electrodes, such as housing electrode 4 illus-
trated in FIG. 2, which may be formed integrally with an
outer surface of hermetically-sealed housing 8 of IMD 16
or otherwise coupled to housing 8. In some examples,
housing electrode 4 is defined by an uninsulated portion
of an outward facing portion of housing 8 of IMD 16. Other
divisions between insulated and uninsulated portions of
housing 8 may be employed to define two or more hous-
ing electrodes. In some examples, a housing electrode
comprises substantially all of housing 8.

[0037] Housing 8 encloses a signal generatorthat gen-
erates therapeutic stimulation, such as cardiac pacing,
cardioversion and defibrillation pulses, as well as a sens-
ing module for sensing electrical signals attendant to the
depolarization and repolarization of heart 12. Housing 8
may also enclose a memory for storing the sensed elec-
trical signals. Housing 8 may also enclose a telemetry
module for communication between IMD 16 and pro-
grammer 24.

[0038] IMD 16 senses electrical signals attendant to
the depolarization and repolarization of heart 12 via elec-
trodes 4,40,42,44-48,50,62,and 64.IMD 16 may sense
such electrical signals via any bipolar combination of
electrodes 40, 42, 44-48, 50, 62, and 64. Furthermore,
any of the electrodes 40, 42, 44-48, 50, 62, and 64 may
be used for unipolar sensing in combination with housing
electrode 4.

[0039] The illustrated numbers and configurations of
leads 18, 20 and 22 and electrodes are merely examples.
Other configurations, i.e., number and position of leads
and electrodes, are possible. In some examples, system
10 may include an additional lead or lead segment having
one or more electrodes positioned at different locations
in the cardiovascular system for sensing and/or deliver-
ing therapy to patient 14. For example, instead of or in
addition to intercardiac leads 18, 20 and 22, system 10
may include one or more epicardial or subcutaneous
leads not positioned within heart 12.
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[0040] FIG. 3 is a conceptual diagram illustrating an
example configuration of LV lead 20. Asiillustrated in FIG.
3, LV lead 20 includes electrodes 44, 45, 46 and 47 lo-
cated proximate to a distal end of LV lead 20. The distal
end of LV lead 20, including electrodes 44, 45, 46 and
47,is placedinornear LV tissue, e.g., within the coronary
sinus or a cardiac vein reachable via the coronary sinus.
[0041] As illustrated in FIG. 3, electrodes 44 and 45
are separated by an inter-electrode spacing 68A, elec-
trodes 45 and 46 are separate by an inter-electrode spac-
ing 66, and electrodes 46 and 47 are separated by an
inter-electrode spacing 68B. Inter-electrode spacings re-
fer to the distance, e.g., measured in a direction substan-
tially parallel to a longitudinal axis of lead 20, from one
electrode to another, e.g., center-to-center or edge-to-
edge. In some example techniques for identifying abnor-
mal cardiac substrate, electrodes 45 and 46 act as a bi-
polar electrode pair configured to sense a LV bipolar car-
diac electrogram signal of tissue of the left ventricle 32
of heart 12 proximate electrodes 45 and 46. The bipolar
electrode pair may be referred to as a short-spacing bi-
polar electrode pair due to the relatively smaller inter-
electrode spacing 66 between electrodes 45 and 46, e.g.,
relative to inter-electrode spacings 68A and 68B. Inter-
electrode spacing 66 may be, as examples, less than or
equal to approximately five millimeters, less than or equal
to approximately two millimeters, within a range from ap-
proximately 1.3 millimeters to approximately 5 millime-
ters, within a range between approximately 1.3 millime-
ters to approximately 1.5 millimeters, approximately 1.3
millimeters, or any range between any of 1.3 millimeters,
1.5 millimeters, two millimeters, or five millimeters.
[0042] Inter-electrode spacings 68A and 68B (collec-
tively "inter-electrode spacings 68") are relatively larger
than inter-electrode spacing 66. Inter-electrode spacings
68 may be the same as, or different than, each other.
Inter-electrode spacings 68 may be, as examples, great-
er than or equal to approximately ten millimeters, greater
than or equal to approximately twenty millimeters, greater
than or equal to approximately twenty-one millimeters,
orwithin any range between any often millimeters, twenty
millimeters, and twenty-one millimeters. As will be de-
scribed in greater detail below, delivering LV pacing via
an electrode, e.g., electrode 44 or 47, that is at least a
threshold distance from the bipolar electrode pair, e.g.,
electrodes 45 and 46, may facilitate identification of ab-
normal cardiac tissue according to the techniques of this
disclosure. The threshold distance may be, as examples,
approximately ten millimeters, approximately twenty mil-
limeters, or approximately twenty-one millimeters. Ac-
cordingly, inter-electrode spacings 68 may facilitate de-
livery of LV pacing via electrode 44 or 47 at least the
threshold distance from the bipolar pair of electrodes 45
and 46.

[0043] The arrangement of electrodes 44-47 and the
inter-electrode spacings 66 and 68 illustrated in FIG. 3
are one example. Other example LV leads that may be
included in a system according to this disclosure may
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include a different arrangement of electrodes and inter-
electrode spacings. For example, on some LV leads that
may be included in a system according to this disclosure,
a most proximal pair of electrodes, e.g., electrodes 44
and 45, or a most distal pair of electrodes, e.g., electrode
46 and 47, may have an inter-electrode spacing 66 and
act as a bipolar pair of electrodes configured to sense a
LV bipolar cardiac electrogram signal of tissue of the left
ventricle 32 of heart 12 proximate the bipolar electrode
pair. Some LV leads may includes a plurality of electrodes
having an inter-electrode spacing 66, and thus config-
ured to act as a bipolar pair of electrodes configured to
sense a LV bipolar cardiac electrogram signal of tissue
of the left ventricle 32 of heart 12 proximate the bipolar
electrode pair.

[0044] FIG.4isablockdiagramillustrating an example
configuration of IMD 16, which may be used to identify
abnormal cardiac substrate according to the techniques
of this disclosure. In the illustrated example, IMD 16 in-
cludes a processor 70, memory 72, signal generator 74,
sensing module 76, telemetry module 78, cardiac tissue
analysis module 80, and one or more sensors 82. Mem-
ory 72 includes computer-readable instructions that,
when executed by processor 70, cause IMD 16 and proc-
essor 70 to perform various functions attributed to IMD
16 and processor 70 herein. Memory 72 may include any
volatile, non-volatile, magnetic, optical, or electrical me-
dia, such as arandom access memory (RAM), read-only
memory (ROM), non-volatile RAM (NVRAM), electrical-
ly-erasable programmable ROM (EEPROM), flash mem-
ory, or any other digital or analog media.

[0045] Processor 70 may include any one or more of
a microprocessor, a controller, a digital signal processor
(DSP), an application specific integrated circuit (ASIC),
a field-programmable gate array (FPGA), or equivalent
discrete or analog logic circuitry. In some examples, proc-
essor 70 may include multiple components, such as any
combination of one or more microprocessors, one or
more controllers, one or more DSPs, one or more ASICs,
or one or more FPGAs, as well as other discrete or inte-
grated logic circuitry. The functions attributed to proces-
sor 70 herein may be embodied as software, firmware,
hardware or any combination thereof. Generally, proc-
essor 70 controls signal generator 74 to deliver stimula-
tion therapy to heart 12 of patient 14 according to a se-
lected one or more of therapy programs or parameters,
which may be stored in memory 72. As an example, proc-
essor 70 may control signal generator 74 to deliver elec-
trical pulses with the amplitudes, pulse widths, frequency,
or electrode polarities specified by the selected one or
more therapy programs or parameters.

[0046] Signal generator 74 is configured to generate
and deliver electrical stimulation therapy to patient 14.
As shown in FIG. 4, signal generator 74 is electrically
coupled to electrodes 4, 40, 42, 44-48, 50, 62, and 64,
e.g., via conductors of the respective leads 18, 20, and
22 and, inthe case of housing electrode 4, within housing
8. For example, signal generator 74 may deliver pacing,
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defibrillation or cardioversion pulses to heart 12 via at
least two of electrodes 4, 40, 42, 44-48, 50, 62 and 64.
In some examples, signal generator 74 delivers stimula-
tion in the form of signals other than pulses such as sine
waves, square waves, or other substantially continuous
time signals.

[0047] Insomeexamples, signal generator 74 includes
a switch module (not shown) and processor 70 may use
the switch module to select, e.g., via a data/address bus,
which of the available electrodes are used to deliver the
electrical stimulation. The switch module may include a
switch array, switch matrix, multiplexer, or any other type
of switching device suitable to selectively couple stimu-
lation energy to selected electrodes. Electrical sensing
module 76 monitors electrical cardiac signals from any
combination of electrodes 4, 40, 42, 44-48, 50, 62 and
64. In some examples, sensing module 76 also includes
a switch module which processor 70 controls to select
which of the available electrodes are used to sense the
heart activity, depending upon which electrode combina-
tion is used in the current sensing configuration.

[0048] Sensing module 76 may include one or more
detection channels, each of which may comprise an am-
plifier. The detection channels may be used to sense
cardiac signals. Some detection channels may detect
events, such as R-waves or P-waves, and provide indi-
cations of the occurrences of such events to processor
70. One or more other detection channels may provide
the signals to an analog-to-digital converter, for conver-
sion into a digital signal for processing or analysis by
processor 70 or cardiac tissue analysis module 80.
[0049] Forexample, sensing module 76 may comprise
one or more narrow band channels, each of which may
include a narrow band filtered sense-amplifier that com-
pares the detected signal to a threshold. If the filtered
and amplified signal is greater than the threshold, the
narrow band channel indicates that a certain electrical
cardiac event, e.g., depolarization, has occurred. Proc-
essor 70 then uses that detection in measuring frequen-
cies of the sensed events.

[0050] Inone example, at least one narrow band chan-
nel may include an R-wave or P-wave amplifier. In some
examples, the R-wave and P-wave amplifiers may take
the form of an automatic gain controlled amplifier that
provides an adjustable sensing threshold as a function
ofthe measured R-wave or P-wave amplitude. Examples
of R-wave and P-wave amplifiers are described in U.S.
Patent No. 5,117,824 to Keimel et al., which issued on
June 2, 1992 and is entitled, "APPARATUS FOR MON-
ITORING ELECTRICAL PHYSIOLOGIC SIGNALS."
[0051] Insomeexamples, sensing module 76 includes
a wide band channel which may comprise an amplifier
with a relatively wider pass band than the narrow band
channels. Signals from the electrodes that are selected
for coupling to the wide-band amplifier may be converted
to multi-bit digital signals by an analog-to-digital convert-
er (ADC) provided by, for example, sensing module 76
or processor 70. Processor 70 and cardiac tissue anal-
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ysis module 80 may analyze the digitized version of sig-
nals from the wide band channel. Processor 70 may em-
ploy digital signal analysis techniques to characterize the
digitized signals from the wide band channel to, for ex-
ample, detect and classify the patient’s heart rhythm.
[0052] Processor 70 may detect and classify the pa-
tient’s heart rhythm based on the cardiac electrical sig-
nals sensed by sensing module 76 employing any of the
numerous signal processing methodologies known in the
art. For example, processor 70 may maintain escape in-
terval counters that may be reset upon sensing of R-
waves by sensing module 76. The value of the count
present in the escape interval counters when reset by
sensed depolarizations may be used by processor 70 to
measure the durations of R-R intervals, which are meas-
urements that may be stored in memory 72. Processor
70 may use the count in the interval counters to detect a
tachyarrhythmia, such as ventricular fibrillation or ven-
tricular tachycardia. A portion of memory 72 may be con-
figured as a plurality of recirculating buffers, capable of
holding series of measured intervals, which may be an-
alyzed by processor 70 to determine whether the pa-
tient’s heart 12 is presently exhibiting atrial or ventricular
tachyarrhythmia.

[0053] In some examples, processor 70 may deter-
mine that tachyarrhythmia has occurred by identification
of shortened R-R interval lengths. Generally, processor
70 detects tachycardia when the interval length falls be-
low 360 milliseconds (ms) and fibrillation when the inter-
val length falls below 320 ms. These interval lengths are
merely examples, and a user may define the interval
lengths as desired, which may then be stored within
memory 72. This interval length may need to be detected
for a certain number of consecutive cycles, for a certain
percentage of cycles within a running window, or a run-
ning average for a certain number of cardiac cycles, as
examples.

[0054] In some examples, an arrhythmia detection
method may include any suitable tachyarrhythmia detec-
tion algorithms. In one example, processor 70 may utilize
all or a subset of the rule-based detection methods de-
scribed in U.S. Patent No. 5,545,186 to Olson et al., en-
titled, "PRIORITIZED RULE BASED METHOD AND AP-
PARATUS FOR DIAGNOSIS AND TREATMENT OF
ARRHYTHMIAS," which issued on August 13, 1996, or
in U.S. Patent No. 5,755,736 to Gillberg et al., entitled,
"PRIORITIZED RULE BASED METHOD AND APPARA-
TUS FOR DIAGNOSIS AND TREATMENT OF AR-
RHYTHMIAS," which issued on May 26, 1998. However,
other arrhythmia detection methodologies may also be
employed by processor 70in some examples. For exam-
ple, EGM morphology may be considered in addition to
or instead of interval length for detecting tachyarrhythmi-
as.

[0055] Generally, processor 70 detects a treatable
tachyarrhythmia, such as VF, based on the EGM, e.g.,
the R-R intervals and/or morphology of the EGM, and
selects a therapy to deliver to terminate the tachyarrhyth-
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mia, such as a defibrillation pulse of a specified magni-
tude. The detection of the tachyarrhythmia may include
a number of phases or steps prior to delivery of the ther-
apy, such as first phase, sometimes referred to as de-
tection, in which a number of consecutive or proximate
R-Rintervals satisfies a first number of intervals to detect
(NID) criterion, a second phase, sometimes referred to
as confirmation, in which a number of consecutive or
proximate R-R intervals satisfies a second, more restric-
tive NID criterion. Tachyarrhythmia detection may also
include confirmation based on EGM morphology or other
sensors subsequent to or during the second phase.
[0056] One or more sensors 82 may be optionally in-
cluded in some examples of IMD 16. Sensor 82 may in-
clude one or more accelerometers in some examples.
Sensors 82 may additionally or alternatively include other
sensors such as a heart sounds sensor, a pressure sen-
sor, a flow sensor, or an O, saturation sensor. In some
examples, sensors 82 may detect respiration via one or
more electrodes.

[0057] Processor 70 may use the information obtained
from activity sensor 82 to determine activity level, pos-
ture, blood pressure, blood flow, blood oxygen level, or
respiratory rate, as examples. In some examples, this
information may be used by IMD 16 to aid in the classi-
fication of an abnormal heart rhythm. In some examples,
this information may be used by IMD 16 or a user of
programmer 24 to determine desired LV pacing locations
and timings for delivery of CRT. For example, blood pres-
sure or flow metrics may indicate the effectiveness LV
pacing locations and timings in improving the perform-
ance of heart 12.

[0058] In some examples, sensors 82 are located out-
side of the housing 8 of IMD 16. Sensors 82 may be
located on a lead that is coupled to IMD 16 or may be
implemented in a remote sensor that wirelessly commu-
nicates with IMD 16 via telemetry module 78. In any case,
sensors 82 are electrically or wirelessly coupled to cir-
cuitry contained within housing 8 of IMD 16.

[0059] Insome examples, IMD 16 comprises a cardiac
tissue analysis module 80, and the cardiac tissue anal-
ysis module and IMD 16 are configured to perform tech-
niques for identifying abnormal cardiac substrate of left-
ventricle 32, as described herein. According to some ex-
amples, sensing module 76 senses an LV bipolar elec-
trogram signal via a bipolar pair of electrodes, e.g., elec-
trodes 45 and 46, of LV lead 20. As discussed above,
sensing module 76 may include a wide-band amplifier,
and sensing module 76 may sense the LV bipolar elec-
trogram signal with the wide-band sensing amplifier.
Sensing module 76 senses the LV bipolar electrogram
signal during LV pacing, e.g., at times when the heart is
paced, and depolarizes in response to the pacing rather
than intrinsic conduction. Under the control of processor
70, signal generator 74 delivers LV pacing to left ventricle
32 via one or more of the electrodes, e.g., electrode 44
or 47, of LV lead 20, or another implantable LV lead.
[0060] Sensing module 76, processor 70, and/or car-
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diac tissue analysis module 80 may digitize the LV bipolar
electrogram signal. Cardiac tissue analysis module 80 is
configured to determine an amplitude of a depolarization
within the LV bipolar cardiac electrogram signal, the de-
polarization resulting from the delivery of cardiac pacing
pulses to the left ventricle 32. The amplitude indicates
whether the LV tissue proximate the bipolar electrode
pair comprises abnormal cardiac substrate. In some ex-
amples, cardiac tissue analysis module 80 is configured
to compare the amplitude of the depolarization to a
threshold amplitude. As illustrated in FIG. 4, memory 72
may store one or more cardiac tissue analysis threshold
amplitudes 84 accessible by cardiac tissue analysis mod-
ule 80 to facilitate this comparison.

[0061] Cardiactissue analysis module 80 is configured
such that, if the amplitude of the depolarization is less
than the threshold amplitude, cardiac tissue analysis
module 80 provides an indication that the LV tissue prox-
imate the bipolar electrode pair comprises abnormal car-
diac substrate, e.g., scar substrate. In some examples,
cardiac tissue analysis module is configured to, in re-
sponse to determining the amplitude of the depolarization
is greater than the threshold amplitude, provide an indi-
cation that the LV tissue proximate the bipolar electrode
pair comprises normal cardiac substrate. In some exam-
ples, cardiac tissue analysis module 80 provides the re-
sult of the comparison of the determined amplitude to the
threshold amplitude as the indication. Cardiac tissue
analysis module 80 may provide the indication to telem-
etry module 78, e.g., via processor 70, which may provide
the indication and/or other information based thereon to
programmer 24 or another external computing device.
The threshold depolarization amplitude, e.g., stored as
a cardiac tissue analysis threshold 84 by memory 72,
may be, as examples, less than approximately 1.5 milli-
volts, approximately 1.1 millivolts, approximately 1 milli-
volt, or within any range between or including any of ap-
proximately 5 millivolts, approximately 1.1 millivolts, and
approximately 1 millivolt.

[0062] As illustrated in FIG. 4, memory 72 may also
store location information 86. Location information 86
identifies locations of electrodes 44-47 of LV lead 20,
e.g., the location of the bipolar electrode pair including
electrodes 45 and 46. Location information 86 may iden-
tify different locations of the electrodes at different times,
e.g., as the distal end of LV lead 20 is moved to different
locations within the coronary sinus or cardiac veins. Car-
diac tissue analysis module 80 may store contempora-
neous indications of whether LV tissue proximate the bi-
polar pair of electrodes comprises abnormal (or normal)
cardiac substrate with location information 86. Accord-
ingly, cardiac tissue analysis module 80 and/or processor
70 may indicate the locations of abnormal (or normal)
cardiac substrate via telemetry module 78. The indication
of locations of abnormal (or normal) cardiac substrate
may facilitate implantation of LV lead 20 to avoid abnor-
mal cardiac substrate and/or procedures to modify LV
tissue including abnormal cardiac substrate, such as ab-
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lation.

[0063] The locations of the electrodes may be deter-
mined using any known techniques, such as fluoroscopy
or other imaging, or through measuring electrical poten-
tials on the electrodes when exposed to an electrical field,
e.g., generated by surface electrodes on patient 14. As
examples, the locations of the electrodes may be deter-
mined using the LocalLisa® system commercially avail-
able from Medtronic, Inc., of Minneapolis, MN, or the En-
Site NavX® system commercially available from St. Jude
Medical, Inc., of St. Paul, MN. Processor 70 and/or car-
diac tissue analysis module 80 may receive such elec-
trode location information, e.g., from such systems, via
telemetry module 78.

[0064] Although processor 70 and cardiac tissue anal-
ysis module 80 are illustrated as separate modules in
FIG. 4, processor 70 and cardiac tissue analysis module
80 may be incorporated in a single processing unit in
other examples. Cardiac tissue analysis module 80 may
be a component of, or a software or firmware module
executed by, processor 70.

[0065] Telemetry module 78 includes any suitable
hardware, firmware, software or any combination thereof
for communicating with anotherdevice, such as program-
mer 24 (FIG. 1). Under the control of processor 70, te-
lemetry module 78 may receive downlink telemetry from
and send uplink telemetry to programmer 24 with the aid
of an antenna, which may be internal and/or external. In
some examples, processor 70 may transmit cardiac sig-
nals, e.g., EGM signals, produced by sensing module
76. For example, processor 70 may transmit an LV bipo-
lar cardiac electrogram signal to programmer 24 or an-
other external computing device via telemetry module
78, e.g., tofacilitate analysis of the signal by the external
computing device to identify abnormal cardiac tissue ac-
cording to the techniques of this disclosure. In some ex-
amples, telemetry module 78 transmits indications of ab-
normal cardiac substrate provided by episode classifier
80 to programmer 24 or another external computing de-
vice.

[0066] Processor 70 may also generate and store
marker codes indicative of different cardiac or other phys-
iological events detected by sensing module 76, and
transmit the marker codes to programmer 24. An exam-
ple IMD with marker-channel capability is described in
U.S. Patent NO. 4,374,382 to Markowitz, entitled,
"MARKER CHANNEL TELEMETRY SYSTEM FOR A
MEDICAL DEVICE," whichissued on February 15, 1983.
Information which processor 70 may transmit to program-
mer 24 via telemetry module 78 may also include an in-
dication of a change in disease state of the heart, an
indication of a change in heart response to the therapy
provided or an indication that the heart continues to re-
spond in the same (or similar) manner to the therapy
provided. Such information may be included as part of a
marker channel with an EGM.

[0067] FIG.5isablock diagramillustrating an example
configuration of external programmer 24, which may be
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used with an IMD to identify abnormal cardiac substrate
according to the techniques of this disclosure. As illus-
trated in FIG. 5, programmer 24 may include a processor
90, a memory 96, a telemetry module 92, a user interface
94, and a cardiac tissue analysis module 80. Programmer
24 is an example of an external computing device that
communicates with an IMD to perform the techniques for
identifying abnormal cardiac substrate of this disclosure.
[0068] Processor 90 stores and retrieves information
and instructions to and from memory 96. Processor 90
may include one or more microprocessors, microcontrol-
lers, DSPs, ASICs, FPGAs, or other equivalent discrete
or integrated logic circuitry, or any combination thereof.
Accordingly, processor 90 may include any suitable
structure, whether in hardware, software, firmware or any
combination thereof, to perform the functions ascribed
herein to processor 90.

[0069] Memory 92 may include program instructions
that, when executed by processor 90 and/or cardiac tis-
sue analysis module 80, cause the processor and/or car-
diac tissue analysis module to perform any of the func-
tions attributed to them herein. Memory 96 may also in-
clude instructions for operating user interface 94 and te-
lemetry module 92. Memory 96 may include any volatile
or nonvolatile memory such as RAM, ROM, EEPROM or
flash memory. Memory 96 may also include a removable
memory portion that may be used to provide memory
updates or increases in memory capacities. A removable
memory may also allow sensitive patient data to be re-
moved before programmer 24 is used by, or for, a differ-
ent patient.

[0070] Telemetry module 92 receives data from IMD
16, and may provide program instructions from processor
90 to IMD 16. In various examples, telemetry module 92
includes any of a variety of circuitry known to facilitate
wireless, e.g., radio-frequency or inductive, communica-
tion with IMD 16. In some examples, processor 90 re-
ceives indications that LV tissue proximate a bipolar pair
of electrodes (e.g., electrodes 45, 46) comprises abnor-
mal cardiac substrate from IMD 16 via telemetry module
92. Processor 90 may present indications that LV tissue
proximate the bipolar pair of electrodes comprises ab-
normal cardiac substrate to a user, e.g., a physician, sur-
geon, or other clinician, via user interface 94. Processor
90 may also present location information 86 of the elec-
trodes (and thus of the abnormal cardiac substrate) to
the user via user interface 94. As illustrated in FIG. 5,
memory 96 may store the location information 86. Proc-
essor 90 may receive location information 86 from IMD
16, or from another system, as described above with re-
spectto IMD 16 and FIG. 4. In some examples, program-
mer 24 incorporates such a system to locate implanted
electrodes, or such a system incorporates programmer
24,

[0071] In other examples, as illustrated in FIG. 5, pro-
grammer 24 includes cardiac tissue analysis module 80,
and the cardiac tissue analysis module and programmer
24 are configured to perform the techniques for identify-
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ing abnormal cardiac substrate substantially as de-
scribed above with respect to IMD 16 and FIG. 4. In such
examples, cardiac tissue analysis module 80 receives
the LV bipolar cardiac electrogram signal, e.g., a digitized
LV bipolar cardiac electrogram signal, from IMD 16 via
telemetry module 92. Cardiac tissue analysis module 80
determines depolarization amplitudes within the LV bi-
polar cardiac electrogram signal. In some examples, car-
diac tissue analysis module 80 compares the depolari-
zation amplitudes to one or more threshold amplitudes,
as described above with respect to FIG. 4. In such ex-
amples, memory 96 stores cardiac tissue analysis
thresholds 84, which include the one or more threshold
depolarization amplitudes. Based on the determined de-
polarization amplitudes, e.g., based on the comparison
to the threshold depolarization amplitude, cardiac tissue
analysis module 80 provides an indication of whether the
LV tissue proximate the bipolar electrode pair comprises
abnormal cardiac substrate, e.g., to a user via user in-
terface 94.

[0072] User interface 94 includes a display (not
shown), such as a LCD or LED display or other type of
screen, to present any indications or information de-
scribed herein for the techniques for identifying abnormal
cardiac substrate according to this disclosure. In addition,
user interface 94 may include an input mechanism to
receive input from the user. The input mechanisms may
include, for example, buttons, a keypad (e.g., an alpha-
numeric keypad), a peripheral pointing device, oranother
input mechanism that allows the user to navigate through
user interfaces presented by processor 84 of program-
mer 24 and provide input. The input may include, for ex-
ample, instructions to control IMD 16, programmer 24,
and cardiactissue analysis module 80 in the performance
of the techniques for identifying abnormal cardiac sub-
strate according to this disclosure. In some examples,
the display (not shown) of programmer 24 may be a touch
screen that allows the user to provide input directly to the
user interface shown on the display. The user may use
a stylus or a finger to provide input to the display. In other
examples, user interface 94 additionally or alternatively
includes audio circuitry for providing audible instructions
or sounds to a user and/or receiving voice commands
from the user.

[0073] Although processor 90 and cardiac tissue anal-
ysis module 80 are illustrated as separate modules in
FIG. 5, processor 90 and cardiac tissue analysis module
80 may be incorporated in a single processing unit. Car-
diac tissue analysis module 80 may be a component of
or a module executed by processor 90.

[0074] In some examples, a system for identifying ab-
normal cardiac substrate of a left-ventricle during LV pac-
ing includes any of a variety of networked external com-
puting devices, such as servers, programmers, and client
computing devices coupled via a network. Such systems
may be implemented, in some aspects, with general net-
work technology and functionality similar to that provide
by the Medtronic CareLink® Network developed by
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Medtronic, Inc., of Minneapolis, MN. In such examples,
any one or more external computing devices of such a
system may include a cardiac tissue analysis module, or
may otherwise individually or collectively perform any of
the techniques identifying abnormal cardiac substrate of
a left-ventricle during LV pacing described herein.
[0075] FIG.6isablockdiagramillustrating an example
configuration of cardiac tissue analysis module 80. In the
illustrated example, cardiac tissue analysis module 80
includes a peak detection module 100, peak-to-peak am-
plitude module 102, and threshold comparison module
104. In some examples, cardiac tissue analysis module
80 includes other modules and provides other function-
ality not illustrated in or described with respect to FIG. 6.
[0076] As illustrated in FIG. 6, cardiac tissue analysis
module 80 receives an LV bipolar cardiac electrogram
signal, e.g., sensed by sensing module 76 of IMD 16. In
some examples, LV bipolar cardiac electrogram signal
is sensed via a short-spaced bipole. In some examples,
the LV bipolar cardiac electrogram signal is digitized.
[0077] Peak detection module 100 identifies LV depo-
larizations, e.g., QRS complexes, within the LV bipolar
cardiac electrogram signal. For each depolarization,
peak detection module 100 identifies one or more peaks,
e.g., negative and/or positive peaks, which may be as-
sociated with the Q-wave, R-wave, or S-wave of the QRS
complex. In the illustrated example, peak detection mod-
ule 100 identifies a positive peak and a negative peak
for each depolarization. Peak detection module 100 may
employ any technique to identify peaks, such as deter-
mining a derivative signal of the LV bipolar cardiac elec-
trogram signal, and identifying zero-crossings with the
derivative signal.

[0078] For each identified depolarization, peak-to-
peak amplitude module 102 determines the peak-to-
peak amplitude, e.g., peak-to-peak voltage, of the depo-
larization based on the amplitudes of the peaks identified
by peak detection module 100. The peak-to-peak ampli-
tude of the depolarization may be the difference between
a positive peak and a negative identified by peak detec-
tion module 100. In other examples, the determined am-
plitude of a depolarization within the LV bipolar cardiac
electrogram signal is not a peak-to-peak amplitude. In
such examples, the determined amplitude of a depolari-
zation within the LV bipolar cardiac electrogram signal
may be a positive peak amplitude, negative peak ampli-
tude, or the greatest positive or negative peak amplitude
within the depolarization.

[0079] Threshold comparison module 104 compares
the peak-to-peak (or other) amplitude of the depolariza-
tion to a threshold depolarization amplitude value 84. In
some examples, threshold comparison module 104 com-
pares the peak-to-peak (or other) amplitudes of a plurality
of depolarizations, e.g., consecutive depolarizations, to
a threshold depolarization amplitude value 84. In either
case, threshold comparison module 104 provides an in-
dication of cardiac tissue viability based on the compar-
ison. In some examples, threshold comparison module
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104 indicates that the LV tissue proximate the bipolar
electrode pair comprises abnormal cardiac substrate,
e.g., scar substrate, in response to determining that the
peak-to-peak amplitude is less than the threshold. In
some examples, threshold comparison module 104 indi-
cates that the LV tissue proximate the bipolar electrode
pair comprises normal cardiac substrate in response to
determining that the peak-to-peak amplitude is greater
than the threshold.

[0080] FIG. 7 is a flow diagram illustrating an example
method of identifying abnormal cardiac substrate accord-
ing to the techniques of this disclosure. According to the
example method of FIG. 7, IMD 16 paces the left-ventricle
32 at least a threshold distance from a short bipole used
to sense an LV cardiac electrogram signal of tissue prox-
imate to the short bipole (110). As described herein, an
LV lead 20 may include a bipolar pair of electrodes 45
and 46 that acts as the short bipole for sensing the LV
cardiac electrogram signal. LV lead 20, or another LV
lead, may include one or more electrodes for delivery of
the LV pacing at least the threshold distance from a short
bipole. The threshold distance from the LV pacing deliv-
ery electrode and the bipolar pair of electrodes may be,
as examples, greater than or equal to approximately ten
millimeters, greater than or equal to approximately twenty
millimeters, greater than or equal to approximately twen-
ty-one millimeters, or within any range between or includ-
ing any of ten millimeters, twenty millimeters, and twenty-
one millimeters.

[0081] A cardiactissue analysis module 80 determines
an amplitude, e.g., peak-to-peak voltage, of one or more
LV-paced depolarizations within the LV cardiac electro-
gram signal (112). Cardiac tissue analysis module 80
determines whether the depolarization amplitude is less
than a threshold depolarization amplitude (114). In re-
sponse to determining that the depolarization amplitude
is not less than, e.g., is greater than, the threshold, car-
diac tissue analysis module 80 determines an amplitude
of another one or more LV-paced depolarizations within
the LV cardiac electrogram signal (112). In response to
determining that the depolarization amplitude is less than
the threshold, cardiac tissue analysis module 80 provides
an indication that LV tissue proximate the bipolar pair of
electrodes comprises abnormal cardiac substrate (116).
The threshold depolarization amplitude, may be, as ex-
amples, less than approximately 1.5 millivolts, approxi-
mately 1.1 millivolts, approximately 1 millivolt, or within
any range between or including any of approximately 5
millivolts, approximately 1.1 millivolts, and approximately
1 millivolt.

[0082] FIG. 8is a flow diagram illustrating an example
method of identifying abnormal cardiac substrate during
LV lead implantation according to the techniques of this
disclosure. According to the example method of FIG. 8,
a clinician, or automated or semi-automated lead place-
ment system, places an implantable LV lead, e.g., LV
lead 20, at an initial location within a target cardiac vein
(120). In some examples, the clinician or system places

10

15

20

25

30

35

40

45

50

55

12

a distal end of the LV lead at the initial location.

[0083] IMD 16 paces the left-ventricle 32 at least the
threshold distance from the bipolar pair of electrodes of
the LV lead (110). Cardiac tissue analysis module 80
determines an amplitude of one or more LV-paced de-
polarizations within the LV cardiac electrogram signal
(112), and determines whether the depolarization ampli-
tude is less than a threshold depolarization amplitude
(114). If the depolarization amplitude is less than the
threshold, then cardiac tissue analysis module 80 may
provide an indication that LV tissue proximate the bipolar
pair of electrodes comprises abnormal cardiac substrate,
and the clinician may move the LV lead to another loca-
tion (122). If the depolarization amplitude is not less than,
e.g., is greater than, the threshold, then cardiac tissue
analysis module 80 may indicate that LV tissue proximate
the bipolar pair of electrodes comprises normal cardiac
substrate, and/or not indicate that the LV tissue proxi-
mate the bipolar pair of electrodes comprises abnormal
cardiac substrate. In response to the indication of normal
cardiac substrate, or lack of indication of abnormal car-
diac substrate, the clinician may optionally test other LV
implant locations, or may complete the LV lead implant
(124).

[0084] In addition, or as an alternative to identifying
abnormal cardiac substrate during LV lead implantation,
the techniques of this disclosure may be used to identify
abnormal cardiac substrate for mapping the locations of
the abnormal cardiac substrate and/or performing a pro-
cedure to modify LV tissue proximate to the bipolar pair
of electrodes, such as the abnormal cardiac substrate.
In some examples, in response to an indication that the
LV tissue comprises abnormal cardiac substrate, a clini-
cian or device modifies the LV tissue proximate the bi-
polar electrode pair. Modifying the LV tissue proximate
the bipolar electrode pair may include, for example, ab-
lating the LV tissue proximate the bipolar electrode pair,
such as tissue including and proximate the abnormal car-
diac substrate.

[0085] An experimental study was performed in which
a 5 French (Fr.) decapolar catheter was inserted into a
lateral coronary vein, and quadripolar catheters were in-
serted into the right atrium and right ventricle in ten pa-
tients. Cardiac electrograms were obtained during sinus
rhythm and pacing from all available bipoles. LV tissue
with bipolar electrogram voltage < 1.5 millivolts during
sinus rhythm were considered scar. Receiver-operator
characteristic curves were created to identify optimal cut-
off voltage during pacing from the right ventricular apex
and the left ventricle from bipoles located 9.6, 19.2, 28.8,
and 38.4 millimeters from the sensing bipole.

[0086] A total of 9/50 bipolar LV electrograms had volt-
age < 1.5 millivolts during normal sinus rhythm, and were
classified as scar. LV pacing > 1 centimeter (i.e., 10 mil-
limeters) from the sensing bipole provided superior dis-
crimination of scar from normal tissue (Positive Predictive
Value (PPV)=1, Negative Predictive Value (NPV)=0.89)
compared to LV pacing < 1 cm from the sensing bipole
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(PPV=0.41, NPV=0.86) or RV pacing (PPV=0.63, NPV=
0.90). In this study, bipolar voltage < 1.1 millivolts pro-
vided optimal discrimination of scar and normal tissue
during LV pacing > 1 cm from the sensing bipole (Area
Under the Curve (AUC) from receiver-operator charac-
teristic curve analysis = 0.731, P=0.0049). These exper-
imental results indicate that LV scar can be identified
accurately during LV pacing at least 1 centimeter (i.e.,
ten millimeters) from the sensing bipole.

[0087] The techniques described in this disclosure
may be implemented, at least in part, in hardware, soft-
ware, firmware, or any combination thereof. For example,
various aspects of the techniques may be implemented
within one or more microprocessors, digital signal proc-
essors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGASs), or any
other equivalent integrated or discrete logic circuitry, as
well as any combinations of such components, embodied
in programmers, such as physician or patient program-
mers, stimulators, or other devices. The terms "proces-
sor," "processing circuitry," "controller" or "control mod-
ule" may generally refer to any of the foregoing logic cir-
cuitry, alone or in combination with other logic circuitry,
or any other equivalent circuitry, and alone or in combi-
nation with other digital or analog circuitry.

[0088] For aspects implemented in software, at least
some of the functionality ascribed to the systems and
devices described in this disclosure may be embodied
as instructions on a computer-readable storage medium
such as random access memory (RAM), read-only mem-
ory (ROM), non-volatile random access memory
(NVRAM), electrically erasable programmable read-only
memory (EEPROM), FLASH memory, magnetic media,
optical media, or the like. The instructions may be exe-
cuted to support one or more aspects of the functionality
described in this disclosure.

[0089] In addition, in some aspects, the functionality
described herein may be provided within dedicated hard-
ware and/or software modules. Depiction of different fea-
tures as modules or units is intended to highlight different
functional aspects and does not necessarily imply that
such modules or units must be realized by separate hard-
ware or software components. Rather, functionality as-
sociated with one or more modules or units may be per-
formed by separate hardware or software components,
or integrated within common or separate hardware or
software components. Also, the techniques could be fully
implemented in one or more circuits or logic elements.
The techniques of this disclosure may be implemented
in a wide variety of devices or apparatuses, including an
IMD, an external programmer, a combination of an IMD
and external programmer, an integrated circuit (IC) or a
set of ICs, and/or discrete electrical circuitry, residing in
an IMD and/or external programmer.

[0090] Various examples have been described. These
and other examples are within the scope of the following
claims.
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Claims

1. A system for identifying abnormal cardiac substrate,
the system comprising:

atleastone implantable left-ventricular (LV) lead
(20) comprising a plurality of electrodes includ-
ing a bipolar electrode pair;

means for sensing, via the bipolar electrode
pair (45, 46) formed of two electrodes
spaced less than or equal to 5mm apart, a
left-ventricular (LV) bipolar cardiac electro-
gram signal of LV tissue proximate the bi-
polar electrode pair;

means for delivering cardiac pacing pulses
to a left ventricle via at least one electrode
(44, 47) of the plurality of electrodes of the
at least one LV lead;

means (70) for determining an amplitude of
a depolarization within the LV bipolar cardi-
acelectrogram signal, the depolarization re-
sulting from the delivery of cardiac pacing
pulses to the left ventricle, wherein the am-
plitude indicates whether the LV tissue
proximate the bipolar electrode pair com-
prises abnormal cardiac substrate; and
means (70) for providing an indication of
whether the LV tissue proximate the bipolar
electrode pair comprises abnormal cardiac
substrate based on the amplitude;
wherein the means for delivering comprises
a signal generator (74) configured to deliver
cardiac pacing pulses to the left ventricle
via at least one electrode of the plurality of
electrodes of the at least one LV lead, and
wherein means for determining and the
means for providing comprises a cardiactis-
sue analysis module (80) configured to:

determine the amplitude of the depo-
larization within the LV bipolar cardiac
electrogram signal; and

provide the indication of whether the LV
tissue proximate the bipolar electrode
pair comprises abnormal cardiac sub-
strate based on the amplitude; and

wherein the bipolar electrode pair does not in-
clude the at least one electrode of the plurality
of electrodes via which the signal generator is
configured to deliver cardiac pacing pulses to
the left ventricle; and wherein

a distance from the bipolar electrode pair to the
at least one electrode of the plurality of elec-
trodes via which the signal generator is config-
ured to deliver cardiac pacing pulses to the left
ventricle is greater than or equal to approximate-
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ly ten millimeters; and
wherein the cardiac tissue analysis module is
further configured to:

compare the amplitude of the depolarization
to a threshold amplitude; and

in response to determining that the ampli-
tude of the depolarization is less than the
threshold amplitude, provide an indication
that the LV tissue proximate the bipolar
electrode pair comprises abnormal cardiac
substrate; and wherein

the threshold amplitude is less than 1.5 mil-
livolts.

The system of claim 1, wherein the amplitude indi-
cates whether the LV tissue proximate the bipolar
electrode pair comprises scar substrate, and the car-
diac tissue analysis module is configured to provide
an indication of whether the LV tissue proximate the
bipolar electrode pair comprises scar substrate
based on the amplitude.

The system of any of claims 1 and 2, wherein the
cardiac tissue analysis module is configured to de-
termine a peak-to-peak amplitude of the depolariza-
tion, wherein the peak-to-peak amplitude indicates
whether the LV tissue proximate the bipolar elec-
trode pair comprises abnormal cardiac substrate.

The system of any of claims 1 to 3, further compris-
ing:

an implantable medical device (16) coupled to
the at least one implantable LV lead, wherein
the implantable medical device comprises the
signal generator; and

an external computing device (24) configured to
communicate with the implantable medical de-
vice, wherein the external computing device
comprises a user interface (94), wherein the car-
diac tissue analysis module is configured to pro-
vide the indication of whether the LV tissue prox-
imate the bipolar electrode pair comprises ab-
normal cardiac substrate to a user via the user
interface,

wherein at least one of the implantable medical
device and the external computing device com-
prises the cardiac tissue analysis module.

The system of any of claims 1 to 4, further comprising
an implantable medical device configured to be cou-
pled to the atleast one implantable LV lead, wherein
the implantable medical device is configured to de-
liver cardiac resynchronization therapy via at least
one electrode of the plurality of electrodes of the LV
lead.
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6.

The system of any of claims 1 to 5, wherein the bi-
polar pair of electrodes comprises an inter-electrode
spacing that is one of: less than or equal to approx-
imately two millimeters, or approximately 1.3 millim-
eters.

Patentanspriiche

1.

System zum Identifizieren von abnormalem Herzge-
webe, wobei das System Folgendes umfasst:

zumindest eine implantierbare linksventrikulare
(LV) Leitung (20), die eine Vielzahl von Elektro-
den umfasst, die ein bipolares Elektrodenpaar
beinhaltet;

Mittel zum Abtasten eines linksventrikularen
(LV) bipolaren Herz-Elektrogrammsignals von
LV-Gewebe in der Nahe des bipolaren Elektro-
denpaares Uber das bipolare Elektrodenpaar
(45, 46), das aus zwei Elektroden gebildet ist,
die weniger als oder gleich 5 mm voneinander
beabstandet sind;

Mittel zum Zuflihren von Herzstimulationsimpul-
sen zu einer linken Herzkammer Giber zumindest
eine Elektrode (44, 47) aus der Vielzahl von
Elektroden der zumindest einen LV-Leitung;
Mittel (70) zum Bestimmen einer Amplitude ei-
ner Depolarisation innerhalb des LV bipolaren
Herz-Elektrogrammsignals, wobei die Depolari-
sation aus der Zufiihrung von Herzstimulations-
impulsen an die linke Herzkammer resultiert,
wobei die Amplitude anzeigt, ob das LV-Gewe-
be in der Nahe des bipolaren Elektrodenpaares
ein abnormales Herzgewebe umfasst; und
Mittel (70) zum Bereitstellen eines Hinweises
darauf, ob das LV-Gewebe in der Nahe des bi-
polaren Elektrodenpaars abnormales Herzge-
webe umfasst, basierend auf der Amplitude;
wobei das Mittel zum Zuflihren einen Signalge-
nerator (74) umfasst, der konfiguriert ist, um ei-
ner linken Herzkammer Herzstimulationsimpul-
se Uber zumindest eine Elektrode aus der Viel-
zahl von Elektroden der zumindest einen LV-
Leitung zuzufiihren, und

wobei das Mittel zum Bestimmen und das Mittel
zum Bereitstellen ein Herzgewebeanalysemo-
dul (80) umfassen, das konfiguriert ist zum:

Bestimmen der Amplitude der Depolarisa-
tion innerhalb des LV bipolaren Herz-Elek-
trogrammesignals; und

Bereitstellen des Hinweises darauf, ob das
LV-GewebeinderNahe des bipolaren Elek-
trodenpaars abnormales Herzgewebe um-
fasst, basierend auf der Amplitude; und

wobei das bipolare Elektrodenpaar nicht die zumin-



27 EP 3 077 045 B1 28

dest eine Elektrode aus der Vielzahl von Elektroden
beinhaltet, Uber die der Signalgenerator konfiguriert
ist, um der linken Herzkammer Herzstimulationsim-
pulse zuzufiihren; und wobei

ein Abstand vom bipolaren Elektrodenpaar zu
der zumindest einen Elektrode aus der Vielzahl
der Elektroden, Uber die der Signalgenerator
konfiguriert ist, um der linken Herzkammer
Herzstimulationsimpulse zuzufiihren, gréRer
als oder gleich etwa zehn Millimeter ist; und

wobei das Herzgewebeanalysemodul ferner konfi-
guriert ist zum:

Vergleichen der Amplitude der Depolarisation
mit einer Schwellenwertamplitude; und

als Reaktion auf das Bestimmen, das die Amp-
litude der Depolarisation kleiner als die Schwel-
lenwertamplitude ist, Bereitstellen eines Hinwei-
ses darauf, dass das LV-Gewebe in der Nahe
des bipolaren Elektrodenpaars abnormales
Herzgewebe umfasst; und wobei

die Schwellenamplitude kleiner als 1,5 Millivolt
ist.

System nach Anspruch 1, wobei die Amplitude an-
zeigt, ob das LV-Gewebe in der Nahe des bipolaren
Elektrodenpaars Narbengewebe umfasst, und das
Herzgewebeanalysemodul konfiguriert ist, um einen
Hinweis darauf bereitzustellen, ob das LV-Gewebe
in der Nahe des bipolaren Elektrodenpaars Narben-
gewebe umfasst, basierend auf der Amplitude.

System nach einem der Anspriiche 1 und 2, wobei
das Herzgewebeanalysemodul konfiguriert ist, um
eine Spitze-zu-Spitze-Amplitude der Depolarisation
zu bestimmen, wobei die Spitze-zu-Spitze-Amplitu-
de anzeigt, ob das LV-Gewebe in der Nahe des bi-
polaren Elektrodenpaars abnormales Herzgewebe
umfasst.

System nach einem der Anspriiche 1 bis 3, ferner
umfassend:

eine implantierbare medizinische Vorrichtung
(16), die mit der zumindest einen implantierba-
ren LV-Leitung gekoppelt ist, wobei die implan-
tierbare medizinische Vorrichtung den Signal-
generator umfasst; und

eine externe Rechenvorrichtung (24), die konfi-
guriert ist, um mit der implantierbaren medizini-
schen Vorrichtung zu kommunizieren, wobei die
externe Rechenvorrichtung eine Benutzer-
schnittstelle (94) umfasst, wobei das Herzgewe-
beanalysemodul konfiguriert ist, um einem Be-
nutzer Uber die Benutzerschnittstelle den Hin-
weis bereitzustellen, ob das LV-Gewebe in der
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Nahe des bipolaren Elektrodenpaares ein ab-
normales Herzgewebe umfasst,

wobei zumindest eine von der implantierbaren
medizinischen Vorrichtungen und der externen
Rechenvorrichtung ein Herzgewebeanalyse-
modul umfasst.

System nach einem der Anspriiche 1 bis 4, ferner
umfassend eine implantierbare medizinische Vor-
richtung, die konfiguriert ist, um mit der zumindest
einen implantierbaren LV-Leitung gekoppelt zu wer-
den, wobei die implantierbare medizinische Vorrich-
tung konfiguriert ist, um eine Herz-Resynchronisati-
onstherapie iber zumindest eine Elektrode aus der
Vielzahl von Elektroden der LV-Leitung zuzufiihren.

System nach einem der Anspriiche 1 bis 5, wobei
das bipolare Elektrodenpaar einen Elektrodenzwi-
schenraum umfasst, der einer von: weniger als oder
gleich etwa zwei Millimeter oder etwa 1,3 Millimeter
ist.

Revendications

Systéme d’identification de substrat cardiaque anor-
mal, le systeme comprenant :

au moins un fil ventriculaire gauche (LV) implan-
table (20) comprenant une pluralité d’électrodes
incluant une paire d’électrodes bipolaires ;

un moyen de détection, par 'intermédiaire de la
paire d’électrodes bipolaires (45, 46) formée de
deux électrodes espacées de 5 mm ou moins,
d’'un signal d’électrogramme cardiaque bipolai-
re ventriculaire gauche (LV) d'un tissu LV a
proximité de la paire d’électrodes bipolaires ;
un moyen de délivrance d’impulsions de stimu-
lation cardiaque a un ventricule gauche par I'in-
termédiaire d’au moins une électrode (44, 47)
de la pluralité d’électrodes de I'au moins un fil
LV ;

un moyen (70) de détermination d’'une amplitu-
de d’une dépolarisation a l'intérieur du signal
d’électrogramme cardiaque bipolaire LV, la dé-
polarisation résultant de la délivrance d’impul-
sions de stimulation cardiaque au ventricule
gauche, dans lequel I'amplitude indique si le tis-
su LV a proximité de la paire d’électrodes bipo-
laires comprend un substrat cardiaque
anormal ; et

unmoyen (70) de fourniture d’une indication pré-
cisantsile tissu LV a proximité de la paire d’élec-
trodes bipolaires comprend un substrat cardia-
que anormal sur la base de 'amplitude ;

dans lequel le moyen de délivrance comprend
un générateur de signal (74) configuré pour dé-
livrer des impulsions de stimulation cardiaque
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au ventricule gauche par l'intermédiaire d’au
moins une électrode de la pluralité d’électrodes
de I'au moins un fil LV, et

dans lequel le moyen de détermination et le
moyen de fourniture comprennent un module
d’analyse de tissu cardiaque (80) configuré
pour :

déterminer 'amplitude de la dépolarisation
a l'intérieur du signal d’électrogramme car-
diaque bipolaire LV ; et

indiquer si le tissu LV a proximité de la paire
d’électrodes bipolaires comprend un subs-
trat cardiaque anormal sur la base de
'amplitude ; et

dans lequel la paire d’électrodes bipolaires n’in-
clut pas I'au moins une électrode de la pluralité
d’électrodes parlaquelle le générateur de signal
est configuré pour délivrer des impulsions de
stimulation cardiaque au ventricule gauche ; et
dans lequel

une distance de la paire d’électrodes bipolaires
al'au moins une électrode de la pluralité d’élec-
trodes par laquelle le générateur de signal est
configuré pour délivrer des impulsions de stimu-
lation cardiaque au ventricule gauche est supé-
rieure ou égale a environ dix millimétres ; et
dans lequel le module d’analyse de tissu cardia-
que est en outre configuré pour :

comparer 'amplitude de la dépolarisation
avec une amplitude seuil ; et

en réponse a la détermination que I'ampli-
tude de la dépolarisation est inférieure a
'amplitude seuil, fournir une indication pré-
cisant que le tissu LV a proximité de la paire
d’électrodes bipolaires comprend un subs-
trat cardiaque anormal ; et dans lequel
'amplitude seuil estinférieure a 1,5 millivolt.

Systeme selon la revendication 1, dans lequel I'am-
plitude indique si le tissu LV a proximité de la paire
d’électrodes bipolaires comprend un substrat cica-
triciel, et le module d’analyse de tissu cardiaque est
configuré pour fournir une indication précisant si le
tissu LV a proximité de la paire d’électrodes bipolai-
res comprend un substrat cicatriciel sur la base de
'amplitude.

Systeme selon I'une quelconque des revendications
1 et 2, dans lequel le module d’analyse de tissu car-
diaque est configuré pour déterminer une amplitude
pic a pic de la dépolarisation, dans lequel I'amplitude
pic a pic indique si le tissu LV a proximité de la paire
d’électrodes bipolaires comprend un substrat car-
diaque anormal.
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4. Systeme selon 'une quelconque des revendications

1 a 3, comprenant en outre :

un dispositif médical implantable (16) couplé a
I’au moins un fil LV implantable, dans lequel le
dispositif médical implantable comprend le gé-
nérateur de signal ; et

un dispositif informatique externe (24) configuré
pour communiquer avec le dispositif médical im-
plantable, dans lequel le dispositif informatique
externe comprend une interface utilisateur (94),
dans lequel le module d’analyse de tissu cardia-
que est configuré pour indiquer a un utilisateur
par l'intermédiaire de l'interface utilisateur si le
tissu LV a proximité de la paire d’électrodes bi-
polaires comprend un substrat cardiaque anor-
mal,

dans lequel au moins I'un du dispositif médical
implantable et du dispositifinformatique externe
comprend le module d’analyse de tissu cardia-
que.

Systéme selon I'une quelconque des revendications
1 a4, comprenant en outre un dispositif médical im-
plantable configuré pour étre couplé a I'au moins un
fil LV implantable, dans lequel le dispositif médical
implantable est configuré pour délivrer une thérapie
de resynchronisation cardiaque par l'intermédiaire
d’au moins une électrode de la pluralité d’électrodes
du fil LV.

Systéme selon I'une quelconque des revendications
1 a 5, dans lequel la paire d’électrodes bipolaires
comprend un espacement inter-électrodes qui est
soit : inférieur ou égal a environ deux millimétres,
soit d’environ 1,3 millimétre.
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