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Description
FIELD OF THE INVENTION

[0001] The present invention relates generally to inva-
sive devices for treatment of the heart, and specifically
to devices for improving cardiac performance.

BACKGROUND OF THE INVENTION

[0002] The heart requires precise coordination of its
mechanical and electrical behavior to function optimally.
The human body normally regulates cardiac output in
response to body needs by changing the heart rate, as
during physical exercise, and/or by adapting the stroke
volume. Under pathological conditions, however, some
of the normal regulatory mechanisms may be damaged.
For example, heart tissue damaged due to myocardial
infarct typically cannot sustain normal pumping function.
Alternatively or additionally, normal electrical signals are
not generated, or are impaired in their propagation, such
that cardiac output and cardiac efficiency (stroke work
divided by oxygen consumption) are correspondingly
compromised. Standard pacemakers known in the art
are able to control the rate of the heart, e.g., to accelerate
the heart rate after detecting bradycardia, but are not
able to increase contraction strength over the long-term
without producing adverse side-effects.

[0003] PCT Patent Publication WO 97/25098, to Ben-
Haim et al., entitled "Electrical muscle controller," and
the corresponding US Patent Application 09/101,723,
published as US patent 6, 317, 631, which are assigned
to the assignee of the present patent describe methods
for modifying the force of contraction of at least a portion
of a heart chamber by applying a non-excitatory electric
signal to the heart at a delay after electrical activation of
the portion. The non-excitatory signal is such as does
not induce action potentials in cardiac muscle cells, but
rather modifies the cells’ response to the activation. In
the context of the present patent application, the use of
such a non-excitatory signal is referred to as Excitable-
Tissue Control (ETC). The non-excitatory signal may be
applied in combination with a pacemaker or defibrillator,
which applies an excitatory signal (i.e., pacing or defibril-
lation pulses) to the heart muscle.

[0004] PCT Patent Publication WO 98/10832, to Ben-
Haim et al., entitled "Cardiac output enhanced pacemak-
er," and the corresponding US Patent Application
09/254,900, published as US patent 6,463,324, which
are assigned to the assignee of the present patent ap-
plication, describe a pacemaker that gives cardiac output
enhancement. This pacemaker applies both excitatory
(pacing) and non-excitatory (ETC) electrical stimulation
pulses to the heart. By applying non-excitatory pulses of
suitable strength, appropriately timed with respect to the
heart’s electrical activation, the contraction of selected
segments of the heart muscle can be increased or de-
creased, thus increasing or decreasing the stroke volume
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of the heart.
SUMMARY OF THE INVENTION

[0005] It is an object of some aspects of the present
invention to provide improved exemplary methods and
apparatus for stimulating cardiac tissue. It is a further
object of some aspects of the present invention to provide
improved exemplary methods and apparatus for enhanc-
ing cardiac performance.

[0006] It is still a further object of some aspects of the
present invention to provide improved exemplary meth-
ods and apparatus for increasing cardiac output.

[0007] As described herein, an electrical cardiac stim-
ulator for improving the performance of the heart of a
human subject applies an Excitable-Tissue Control
(ETC) signal to the interventricular septum via one or
more electrodes passed by catheter into the right ventri-
cle. Preferably, but not necessarily, atleast one electrode
is screwed or otherwise fixed to the septum, and delivers
the ETC signal during a refractory period of excitable
tissue of the septum, so as to modify a characteristic of
the mechanical behavior thereof.

[0008] Embodiments of the present invention simplify
the procedure of applying electrical signals to modulate
cardiac contraction. Itis known in the art to apply pacing
signals to the left ventricle by the difficult procedure of
passing a catheter through the coronary veins. It is also
known in the art to make an incision in a patient’s chest
so as to implant pacing electrodes on the heart. It is fur-
ther known in the art to pace both ventricles via an elec-
trode placed on the interventricular septum, whereby
pacing pulses generated by the electrode cause an ac-
tivation wave to propagate through the septum, through
normal conduction pathways of the heart. These prior art
techniques differ from preferred embodiments of the
present invention in that the prior art is directed towards
stimulating one or both ventricles to contract, while these
embodiments of the presentinvention provide means for
modulating the mechanical behavior of the septum itself,
substantially without inducing new action potentials.
[0009] Typically, each electrode conveys a particular
waveform to the septum, which may differ in certain as-
pects from the waveforms applied to other electrodes.
The particular waveform to be applied to each electrode
is preferably determined by a control unit, initially under
the control of a physician during a calibration period of
the unit. Further preferably, the cardiac stimulator (or el-
ements thereof) is implanted in the patient in a manner
similar to that used to implant pacemakers or defibrilla-
tors known in the art. After the initial calibration period,
the unit is generally able to automatically modify the
waveforms as needed to maintain a desired level of per-
formance of the stimulator. In many applications, stand-
ard pacing, cardioversion, and/or defibrillation capabili-
ties are additionally incorporated into the stimulator.
[0010] In a preferred embodiment, one or more me-
chanical sensors, e. g., force transducers, strain gauges,



3 EP 1284 781 B1 4

pressure gauges, and/or motion sensors, are positioned
in a vicinity of the heart, and are coupled to send me-
chanical-sensor signals to the control, unit indicative of
aspects of the heart’s functioning. Alternatively or addi-
tionally, one or more physiological sensors, e. g., for
measuring mixed venous oxygen saturation (Sv02) or
thoracic electricalimpedance, send physiological-sensor
signals to the control unit. The various sensor signals
serve as feedback to enable the control unit to iteratively
adjust the ETC signal applied to the septum, so as to
cause the sensor signals to converge to desired values.
Alternatively or additionally, other sensors, such as sens-
ing electrodes, blood pressure sensors, or flow transduc-
ers, are coupled to the heart or elsewhere on the patient’s
body, and send signals to the control unit which are used
in determining modifications to parameters of the energy
applied to the heart.

[0011] Further alternatively or additionally, the control
unit analyzes the sensor signals to detect an onset of
arrhythmia, for example, an ectopic heartbeat. In this
case, the control unit preferably modifies or terminates
application of the ETC signal responsive to the detection.
[0012] Also disclosed herein is an exemplary method,
not part of the invention, for applying a signal to a heart
of a human subject, including applying an Excitable-Tis-
sue Control (ETC) signal to a site on the right ventricular
septum of the heart.

[0013] Typically, applying the ETC signalincludes con-
figuring the signal to be capable of modifying contractility
of a portion of the heart. For example, configuring the
ETC signal may include configuring the signal to be ca-
pable of modifying contractility of the left ventricle of the
heart, the septum, or the right ventricle of the heart.
[0014] Preferably, configuring the ETC signal includes
configuring the signal to be capable of increasing con-
tractility of the portion of the heart. Alternatively, config-
uring the ETC signal includes configuring the signal to
be capable of decreasing contractility of the portion of
the heart. In a preferred embodiment, configuring the
ETC signal to be capable of decreasing the contractility
includes configuring the signal to be capable of decreas-
ing contractility of the septum.

[0015] Forsome applications, applying the ETC signal
includes applying a series of biphasic pulses. Alterna-
tively or additionally, applying the ETC signal includes
applying a series of generally square pulses. Further al-
ternatively or additionally, applying the ETC signal in-
cludes applying a series of pulses at a rate greater than
about 50 Hz. Still further alternatively or additionally, ap-
plying the ETC signalincludes applying a series of pulses
at a rate less than about 100 Hz.

[0016] Preferably, applying the ETC signal includes
applying a series of pulses which are greater than about
8 mA. For some applications, applying the ETC signal
includes applying a series of pulses which are greater
than about 10 mA.

[0017] Applying the ETC signal may include applying
the ETC signal to a site at or adjacent to an intersection

10

15

20

25

30

35

40

45

50

55

of the septum and the right ventricular free wall.

[0018] In accordance with the invention there is pro-
vided an apparatus for applying a signal to a heart of a
human subject, as defined by the appended claims.
[0019] The present invention will be more fully under-
stood from the following detailed description of the pre-
ferred embodiments thereof, taken together with the
drawings, in which :

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figs. 1A, 1B, and 1C are schematic, sectional
illustrations of a heart, showing the placement of elec-
trodes therein, in accordance with preferred embodi-
ments of the presentinvention; Fig. 2 is a schematic block
diagram of a control unit, which generates signals to be
applied to the electrodes shown in Figs. 1A, 1B, and/or
1C, in accordance with a preferred embodiment of the
present invention; and Figs. 3,4, and 5 are graphs show-
ing experimental results from the application of an ETC
signal to an animal heart, in accordance with a preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0021] Fig. 1Ais aschematicillustration of cardiac con-
trol apparatus 18, which applies electrical energy to im-
prove the performance of the heart 20 of a patient, in
accordance with a preferred embodiment of the present
invention. Apparatus 18 preferably comprises an im-
plantable or external control unit 90, which applies an
ETC signal through a set of one or more electrodes 98
to the heart. (For clarity, connections between control
unit 90 and the various electrodes are not shown.)
[0022] Preferably, a catheter 68 is used to convey a
screw electrode 65, or other type of electrode, through
the right ventricle 30 to a site on the interventricular sep-
tum 22 to which the electrode is attached. Alternatively
or additionally, a catheter 66 conveys an electrode 69
through the right ventricle to be fixed to the septum,
and/or conveys an electrode 67 into the right ventricle,
where it is in electrical contact with electrodes 65 and 69
through the blood in the right ventricle. In a preferred
embodiment, one or more electrodes are placed at or
adjacent to the intersection of the septum and the right
ventricular free wall.

[0023] Preferably, atleast some of the electrodes have
a coating applied thereto which increases the electrodes’
capacitance. A preferred coating comprises iridium oxide
(IROX). Alternatively or additionally, at least some of the
electrodes comprise coils, a mesh, or other means for
increasing the effective application area of the ETC sig-
nal.

[0024] Asdescribed hereinbelow, controlunit90drives
one or more of the electrodes to apply an ETC signal to
the septum, so as to modify an aspect of the heart’s con-
tractility. For example, the signal may be applied so as
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to increase or decrease contractility of the right ventricle,
the left ventricle, or the septum. Optionally, the control
unit is implanted in the patient’s body, and a metal case
of the control unit serves as a return electrode for current
driven through the electrodes in right ventricle 30.
[0025] Preferably, aspects of ETC signal application
are performed in accordance with techniques described
in the above-referenced US Patent Applications
09/101,723 and 09/254,900, published as US patent
6,317,631 and US patent 6,463,324. Typically, the ETC
signal is applied subsequent to an artificial pacing pulse,
as described hereinbelow. Alternatively, the ETC signal
is applied responsive to natural electrical activity of the
heart, for example, after a designated delay following a
detected activation of the atrium. For these applications,
it is preferable to use apparatus and methods described
in Israel Patent Application 129,257, entitled "Trigger-
based regulation of excitable tissue control in the heart,"
which is assigned to the assignee of the present inven-
tion. Control unit 90 is optionally coupled to one or more
local sense electrodes 74, which are placed in the right
ventricle or elsewhere on or in the heart. Local sense
electrodes 74 preferably convey electrical signals to the
control unit responsive to cardiac electric activity. Alter-
natively or additionally, one or more of electrodes 98 and
any other electrodes coupled to control unit 90 may also
serve as sense electrodes. Optionally, one or more me-
chanical sensors 70 (e.g., accelerometers, force trans-
ducers, strain gauges, or pressure gauges), coupled to
the control unit, are placed on the right ventricle or else-
where on the heart. Alternatively or additionally, one or
more supplemental sensors 72 (e.g., blood pressure, tho-
racic electrical impedance, pH, SvO2, pCO2 or pO2 sen-
sors) are coupled to the control unit and are placed on
or in the heart or elsewhere on or in the patient’s body.
The control unit modifies the energy applied through elec-
trodes 98 responsive to signals from sensors 70 and 72
and local sense electrodes 74, as described hereinbelow.
[0026] The number of electrodes and sensors, as well
as the positions thereof, are shown in Fig. 1A by way of
example, and other sites on heart20 orin a vicinity thereof
are appropriate for placement of some of the electrodes
and sensors in other applications of the present inven-
tion.

[0027] Preferably, control unit 90 is implanted in the
patient in a manner similar to that used to implant pace-
makers or defibrillators known in the art, such that after
an initial calibration period, described hereinbelow, the
unit is generally able to automatically modify the ETC
signal it applies to the heart as needed, so as to maintain
a desired level of performance. In many applications,
standard pacing, cardioversion, and defibrillation capa-
bilities are additionally incorporated into apparatus 18.
[0028] Figs. 1B and 1C are schematic illustrations of
other preferred configurations of cardiac control appara-
tus 18, in accordance with respective preferred embod-
iments of the present invention. Fig. 1B shows a catheter
166, which conveys a plurality of electrodes 165, 167,
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and 169 to respective sites on the right ventricular sep-
tum, while Fig. 1C shows a catheter 266, which conveys
a different arrangement of electrodes 265, 267, 269, and
271 to the septum. In another preferred embodiment (not
shown), a catheter passes a basket electrode into the
rightventricle, so as to apply the ETC signal to the septum
as well as to other right ventricular sites. Preferably, but
not necessarily, all of the electrodes shown in Figs. 1A,
1B, and 1C are independently controlled by control unit
90.

[0029] Fig. 2 is a schematic block diagram of control
unit 90, in accordance with a preferred embodiment of
the present invention. Mechanical sensors 70, supple-
mental sensors 72, local sense electrodes 74, and elec-
trodes 98 are preferably coupled to provide feedback sig-
nals to a cardiac function analysis block 80 of control unit
90. The feedback signals generally provide information
aboutvarious aspects of the heart’s performance to block
80, which analyzes the signals and actuates control unit
90 to modify the electrical energy applied to the heart
responsive to the analysis. Preferably, the ETC signal is
adjusted by the control unit responsive to the feedback
signals in order to yield a desired response, e.g., a pre-
determined blood pressure, blood oxygen level, cardiac
output and/or cardiac electrical or motion profile.

[0030] Preferably, block 80 conveys results of its anal-
ysis to a "parameter search and tuning" block 84 of control
unit 90, which iteratively modifies characteristics of the
electrical energy applied to the heart in order to attain a
desired response. Preferably, operating parameters of
block 84 are entered by a human operator of the control
unit using operator controls 71, which typically comprise
a keyboard or mouse (not shown) coupled to the control
unit. Block 84 typically utilizes multivariate optimization
and control methods known in the art in order to cause
one or more of the aforementioned mechanical, electri-
cal, chemical and/or other measured parameters to con-
verge to desired values.

[0031] Ingeneral, each one of electrodes 98 may con-
vey a particular waveform to heart 20, differing in certain
aspects from the waveforms applied by the other elec-
trodes. The particular waveform to be applied by each
electrode is determined by control unit 90, preferably un-
der the control of the operator. Aspects of the waveforms
which are set by the control unit, and may differ from
electrode to electrode, typically include parameters such
as time shifts between application of waveforms at dif-
ferent electrodes, waveform shapes, amplitudes, DC off-
sets, durations, and duty cycles. For example, although
the waveforms applied to some or all of electrodes 98
usually comprise a biphasic square wave signal following
a natural or applied pacing pulse, other waveforms, such
as a sinusoid, a series of monophasic square waves, or
a waveform including an exponentially-varying charac-
teristic, could be applied to other electrodes. Generally,
the shape, magnitude, and timing of the waveforms are
optimized for each patient, using suitable optimization
algorithms as are known in the art.
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[0032] For the purposes of this embodiment of the
presentinvention, block 84 typically modifies a set of con-
trollable parameters of the ETC signal, responsive to the
measured parameters, in accordance with values in a
look-up table and/or pre-programmed formulae stored in
an electronic memory of control unit 90. The controllable
parameters may comprise, for example, ETC signal tim-
ing, magnitude and offset. Preferably, the controllable
parameters are conveyed by block 84 to a signal gener-
ation block 86 of control unit 90, which generates, re-
sponsive to the parameters, electrical signals that are
applied by electrodes 98 to the heart. Block 86 preferably
comprises amplifiers, isolation units, and other standard
circuitry known in the art of electrical signal generation.
[0033] In the initial calibration procedure, parameter
search and tuning block 84 preferably modifies a char-
acteristic (e.g., timing, magnitude, or shape) of the ETC
signal applied through one of electrodes 98, and then
determines whether a predetermined cardiac functional
response generally improves following the modification.
For example, the electrode may be used to sense the
duration of the refractory period of heart tissue to which
the electrode is coupled, and block 84 may subsequently
determine time points during the refractory period which
are optimal for application of the ETC signal by that elec-
trode to the tissue. In a series of similar calibration steps,
block 84 repeatedly modifies characteristics of the ener-
gy applied through each of the electrodes, such thatthose
modifications that improve the response are generally
maintained, and modifications that cause it to worsen are
typically eliminated or avoided.

[0034] When apparatus 18 is calibrated in the pres-
ence of aphysician, itis often desirable to have the patient
perform increasing levels of exercise (e.g., walk on a
treadmill), in order to derive a broader range of operating
parameters, which are stored in control unit 90 and can
be accessed responsive to signals from the sensors and
electrodes coupled to the control unit. Preferably, the cal-
ibration procedure is subsequently performed by the phy-
sician at intermittent follow-up visits, and/or by unit 90
automatically during regular use of the apparatus (e.g.,
daily).

[0035] Preferably, during the initial calibration proce-
dure, the locations of one or more of electrodes 98 are
varied while the ETC signal is applied therethrough, so
as to determine optimum placement of the electrodes.
Preferably, methods for measuring the heart’s response
to the applied signal include electrocardiography,
echocardiography, and/or methods having as inputs the
outputs of mechanical and supplemental sensors 70 and
72. In subsequent steps, the electrode is moved over an
area of the interventricular septum, and the response of
the heart is measured. After the physician considers that
a sufficient number of sites have been investigated, the
electrode is returned to the site yielding the best re-
sponse. Subsequently, other electrodes are moved ac-
cording to the same protocol, so as to achieve substan-
tially optimum placement of some or all of the electrodes.
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[0036] In a preferred embodiment, the ETC signal is
applied in a vicinity of a site where standard pacing pulses
are applied. Preferably, the ETC signal is applied through
the same electrode as that through which the standard
pacing pulse is applied, approximately 1 - 250 ms there-
after. Further preferably, the ETC signal is applied ap-
proximately 20 - 250 ms after the pacing pulse.

[0037] Alternatively, the sinoatrial node generates the
cardiac rhythm, substantially without artificial pacing. In
such modes, local sense electrodes 74 and, optionally,
some or all of electrodes 98, convey electrical signals to
control unit 90, so as to enable parameter search and
tuning block 84 to synchronize the electrical signals ap-
plied by electrodes 98 with the natural electrical activity
of the heart. It will be understood that although electrodes
74 and 98 are shown for clarity of explanation as separate
entities, asingle set of electrodes may be used to perform
both functions.

[0038] In a preferred embodiment, the ETC signal is
applied at one or more sites as a series of pulses, e.g.,
biphasic square pulses, typically having a frequency be-
tween about 50 and 100 Hz. The current applied during
each pulse is preferably greater than 8 mA, and, further
preferably, greater than 10 mA.

[0039] Most preferably, during calibration and during
regular operation of control unit 90, an arrhythmia detec-
tion block 82 of control unit 90 receives inputs from sen-
sors 70 and 72 and electrodes 74 and 98, and/or other
electrodes and sensors (notshown), and evaluates these
inputs to detect imminent or actual cardiac arrhythmia,
e.g., an ectopic heartbeat, fibrillation, bradycardia or
heart block. Preferably, block 82 employs techniques
known in the art for detecting arrhythmias, so that pa-
rameter search and tuning block 84 can treat or terminate
the arrhythmia by applying, for example, regular pacing
pulses or defibrillation pulses.

[0040] Figs. 3, 4, and 5 are graphs showing experi-
mental results obtained during application of an ETC sig-
nal to a 30 kg anesthetized pig, in accordance with a
preferred embodiment of the present invention. In this
experiment, local sense electrodes comprised two stitch
electrodes, which were placed at the mid-anterior wall of
the left ventricle. The animal was paced in DDD mode at
120 beats per minute through an active fixation screw
electrode, placed in the apical third of the right ventricular
septum. At 20 ms following the onset of electrical activity
as measured by the local sense electrodes, a biphasic
electrical signal, composed of a 15 ms, +14 mA pulse
immediately followed by a 15 ms, -14 mA pulse, was
applied to the septum through the screw electrode im-
planted therein. In Fig. 3, results are shown following
application of the ETC signal between the screw elec-
trode implanted in the septum and a ring electrode in a
vicinity thereof. Figs. 4 and 5 show results following ap-
plication of the ETC signal between the screw electrode
and a stitch electrode at the mid-anterior left ventricular
free wall.

[0041] In Fig. 3, an increase of approximately 5% in
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the measured d(LVP)/dt is seen to begin upon initiation
of a 2 minute ETC signal application period. The dP/dt
levels gradually return to baseline upon termination of
the ETC signal. Figs. 4 and 5 show bipolar ETC applica-
tion periods lasting over 3 and over 4 minutes, respec-
tively, in which the measured dP/dt increased to approx-
imately 20% above baseline, and remained at this level
for the duration of signal application.

[0042] It is believed that at least some of the results
displayed in Figs. 3, 4, and 5 derive from a change in
contractility of the left ventricle induced by the application
of the ETC signal to the interventricular septum.

[0043] Itis also believed that similar results can be ob-
tained in humans, mutatis mutandis. It is further believed
that these embodiments of the presentinvention can pro-
duce, at least to some extent, long-term effects which
are likely to alleviate or cure aspects of some common
cardiac pathologies, such as congestive heart failure
(CHF). These effects are expected to derive from more
effective use of the heart muscle, whereby systemic de-
mands on the heart are reduced. Moreover, damage to
other organs of the body is reduced, because of the in-
crease in blood perfusion.

[0044] It is believed that other signal application pro-
tocols would also be successfulin enhancing cardiac per-
formance, in combination with or in the absence of some
of the stimulation and sensing protocols described here-
inabove. In a preferred embodiment, the ETC signal is
applied at a plurality of sites on the interventricular sep-
tum, for example, on an anterior and a posterior aspect
thereof. Alternatively or additionally, the ETC signal is
applied generally simultaneously, orin alternation, at one
or more of the following sites: the posterior septum, the
anterior septum, the anterior wall of the right ventricle,
the free wall of the right ventricle, and the posterior-infe-
rior left ventricular free wall.

[0045] Alternatively or additionally, the ETC signal is
applied through the right ventricular septum so as to de-
crease regional contractility of the heart, preferably using
techniques described in one or both of the above-refer-
enced US patent applications. In particular, the ETC sig-
nal may be used to decrease septal contractility, which
may be appropriate in treating conditions such as idio-
pathic hypertrophic subaortic stenosis (IHSS). It is be-
lieved that reduced septal contractility reduces functional
subaortic stenosis, thereby improving left ventricular per-
formance. The scope of the invention is limited by the
subject-matter of the appended claims. Preferred em-
bodiments are disclosed in the dependent claims.

Claims

1. Apparatus (18) for applying a signal to a heart (20)
of a human subject, comprising:

a set of one or more electrodes (98) coupled to
the right ventricular septum (22) of the heart
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10.

1.

(20); and

a control unit (90), wherein the control unit (90)
is adapted to drive the electrode set with a non-
excitatory signal timed for delivery to the septum
(22) during a refractory period of excitatable tis-
sue of the septum (22) and timed for increasing
a contractility of a left ventricle of said heart,

characterized in that the timing being after a delay
of 20-250 ms following application of a pacing pulse.

Apparatus according to claim 1, wherein the control
unit (90) is adapted to generate the non-excitatory
signal configured modify contractility of the septum
(22).

Apparatus according to claim 1, wherein the control
unit (90) is adapted to generate the non-excitatory
signal configured to modify contractility of the right
ventricle (30) of the heart (20).

Apparatus according to any one of claims 1-3,
wherein the control unit (90) is adapted to generate
the non-excitatory signal in the form of a series of
biphasic pulses.

Apparatus according to any one of claims 1-3,
wherein the control unit (90) is adapted to generate
the non-excitatory signal in the form of a series of
generally square pulses.

Apparatus according to any one of claims 1-3,
wherein the control unit (90) is adapted to generate
the non-excitatory signal in the form of a series of
pulses at a rate greater than about 50 Hz.

Apparatus according to any one of claims 1-3,
wherein the control unit (90) is adapted to generate
the non-excitatory signal in the form of a series of
pulses at a rate less than about 100 Hz.

Apparatus according to any one of claims 1-3,
wherein the control unit (90) is adapted to generate
the non-excitatory signal in the form of a series of
pulses at a rate between about 50 Hz and 100 Hz.

Apparatus according to any one of claims 1-3,
wherein the control unit (90) is adapted to generate
the non-excitatory signal in the form of a series of
pulses which are greater than about 8 mA.

Apparatus according to claim 9, wherein the control
unit (90) is adapted to generate the non-excitatory
signal in the form of a series of pulses which are
greater than about 10 mA.

Apparatus according to any one of claims 1-3,
wherein the control unit is adapted to generate the



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

11 EP 1 284 781 B1 12

non-excitatory signal suitable for delivery to a site at
or adjacent to an intersection of the septum and the
right ventricular free wall.

Apparatus according to claim 1, wherein the control
unit (90) is configured to generate an excitatory pac-
ing signal suitable for delivery to the septum (22),
and thereafter to generate the non-excitatory signal
during the refractory period of the septum (22).

Apparatus according to claim 1, wherein the control
unit (90) is configured to drive the electrode set to
generate the non-excitatory signal to the septum (22)
during the refractory period of the septum following
application of an excitatory pacing signal to the heart
(20).

Apparatus according to claim 1, further comprising
one or more local sense electrodes (74), which are
configured to be placed in the heart (20), and to con-
vey electrical signals to the control unit (90) respon-
sive to cardiac electrical activity, and wherein the
control unit (90) is configured to synchronize the non-
excitatory signal with sensed cardiac electrical ac-
tivity.

Apparatus according to claim 14, wherein the control
unit (90) is configured to drive the electrode set to
provide the non-cxcitatory signal following the onset
of the sensed cardiac electrical activity.

Apparatus according to claim 14, wherein the control
unit (90) is configured to provide an excitatory pacing
signal to the septum (22), and, following the onset
of the sensed cardiac electrical activity, to provide
the non-excitatory signal to the septum (22).

Apparatus according to claim 14, wherein the control
unit (90) does not provide a pacing signal to the heart
(20).

Apparatus according to claim 14, wherein the set of
one or more electrodes (98) includes at least one of
the one or more local sense electrodes (74).

Apparatus according to claim 1, wherein the control
unit (90) is further adapted to provide signals com-
prising at least one of the capabilities selected from
the group consisting of: cardioversion capabilities
and defibrillation capabilities.

Apparatus according to claim 1, wherein the control
unit (90) is configured to provide a signal suitable for
delivery to a left ventricular free wall.

Apparatus according to any preceding claim, where-
in the set of electrodes (98) comprises a screw elec-
trode implanted in the septum and a ring electrode

10

15

20

25

30

35

40

45

50

55

in the vicinity thereof.

Patentanspriiche

Vorrichtung (18) zum Anlegen eines Signals an ein
Herz (20) eines menschlichen Subjekts, Folgendes
umfassend:

einen Satz aus einer oder mehreren Elektroden
(98), gekoppelt mit dem rechten Ventrikelsep-
tum (22) des Herzes (20); und

ein Steuergerat (90),

wobei das Steuergerat (90) angepasst ist, den
Elektrodensatz mit einem nicht exzitatorischen
Signal anzutreiben, das zeitlich zum Bereitstel-
len an das Septum (22) wadhrend einer Re-
fraktarzeit von anregbarem Gewebe des Sep-
tums (22) angepasst ist und zeitlich angepasst
ist, eine Kontraktilitat eines linken Ventrikels des
Herzes zu erhdhen,

dadurch gekennzeichnet, dass der Zeitpunkt
nach einer Verzoégerung von 20-250 ms nach
dem Anlegen eines Schrittimpulses liegt.

Vorrichtung nach Anspruch 1, wobei das Steuerge-
rat (90) angepasstist, das nicht exzitatorische Signal
zu erzeugen, das konfiguriert ist, die Kontraktilitat
des Septums (22) zu modifizieren.

Vorrichtung nach Anspruch 1, wobei das Steuerge-
rat (90) angepasstist, das nicht exzitatorische Signal
zu erzeugen, das konfiguriert ist, die Kontraktilitat
des rechten Ventrikels (30) des Herzes (20) zu mo-
difizieren.

Vorrichtung nach einem der Anspriiche 1-3, wobei
das Steuergerat (90) angepasst ist, das nicht exzi-
tatorische Signal in der Form einer Reihe von bipha-
sischen Impulsen zu erzeugen.

Vorrichtung nach einem der Anspriiche 1-3, wobei
das Steuergerat (90) angepasst ist, das nicht exzi-
tatorische Signal in der Form einer Reihe von im All-
gemeinen rechteckigen Impulsen zu erzeugen.

Vorrichtung nach einem der Anspriiche 1-3, wobei
das Steuergerat (90) angepasst ist, das nicht exzi-
tatorische Signal in der Form einer Reihe von Impul-
sen miteiner Rate von iber etwa 50 Hz zu erzeugen.

Vorrichtung nach einem der Anspriiche 1-3, wobei
das Steuergerat (90) angepasst ist, das nicht exzi-
tatorische Signal in der Form einer Reihe von Impul-
sen mit einer Rate von unter etwa 100 Hz zu erzeu-
gen.

Vorrichtung nach einem der Anspriiche 1-3, wobei
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das Steuergerat (90) angepasst ist, das nicht exzi-
tatorische Signal in der Form einer Reihe von Impul-
sen mit einer Rate von zwischen etwa 50 Hz und
100 Hz zu erzeugen.

Vorrichtung nach einem der Anspriiche 1-3, wobei
das Steuergerat (90) angepasst ist, das nicht exzi-
tatorische Signal in der Form einer Reihe von Impul-
sen zu erzeugen, die gréRer sind als etwa 8 mA.

Vorrichtung nach Anspruch 9, wobei das Steuerge-
rat(90) angepasst ist, das nicht exzitatorische Signal
in der Form einer Reihe von Impulsen zu erzeugen,
die gréRer sind als etwa 10 mA.

Vorrichtung nach einem der Anspriiche 1-3, wobei
das Steuergerat angepasst ist, das nicht exzitatori-
sche Signal zu erzeugen, das geeignet ist, an eine
Stelle an oder nahe einem Schnittpunkt zwischen
dem Septum und der freien rechten Ventrikelwand
bereitgestellt zu werden.

Vorrichtung nach Anspruch 1, wobei das Steuerge-
rat (90) konfiguriert ist, ein exzitatorisches Schrittsi-
gnal zu erzeugen, das geeignet ist, an das Septum
(22) bereitgestellt zu werden, und danach das nicht
exzitatorische Signal wahrend der Refraktarzeit des
Septums (22) zu erzeugen.

Vorrichtung nach Anspruch 1, wobei das Steuerge-
rat (90) konfiguriert ist, den Elektrodensatz anzutrei-
ben, um wahrend der Refraktarzeit des Septums
nach einem Anlegen eines exzitatorischen Schrittsi-
gnals an das Herz (20) das nicht exzitatorische Si-
gnal an das Septum (22) zu erzeugen.

Vorrichtung nach Anspruch 1, ferner umfassend ei-
ne oder mehrere lokale Sensorelekiroden (74), die
konfiguriert sind, in dem Herz (20) platziert zu wer-
den und als Reaktion auf elektrische Herzaktivitat
elektrische Signale an das Steuergerat (90) zu tber-
mitteln, und wobei das Steuergerat (90) konfiguriert
ist, das nicht exzitatorische Signal mit der erfassten
elektrischen Herzaktivitat zu synchronisieren.

Vorrichtung nach Anspruch 14, wobei das Steuer-
gerat (90) konfiguriert ist, den Elektrodensatz anzu-
treiben, um das nicht exzitatorische Signal nach dem
Beginn der erfassten elektrischen Herzaktivitat be-
reitzustellen.

Vorrichtung nach Anspruch 14, wobei das Steuer-
gerat (90) konfiguriert ist, ein exzitatorisches Schritt-
signal an das Septum (22) bereitzustellen und nach
dem Beginn der erfassten elektrischen Herzaktivitat
das nicht exzitatorische Signal an das Septum (22)
bereitzustellen.
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17.

18.

19.

20.

21.

Vorrichtung nach Anspruch 14, wobei das Steuer-
gerat (90) kein Schrittsignal an das Herz (20) bereit-
stellt.

Vorrichtung nach Anspruch 14, wobei der Satz aus
einer oder mehreren Elektroden (98) wenigstens ei-
ne der einen oder der mehreren lokalen Sensorelek-
troden (74) enthalt.

Vorrichtung nach Anspruch 1, wobei das Steuerge-
rat (90) ferner angepasstist, Signale bereitzustellen,
die wenigstens eine der Fahigkeiten umfassen, aus-
gewahlt aus der Gruppe bestehend aus Kardiover-
sionsfahigkeiten und Defibrillationsfahigkeiten.

Vorrichtung nach Anspruch 1, wobei das Steuerge-
rat (90) konfiguriert ist, ein Signal bereitzustellen,
das geeignet ist, an eine freie linke Ventrikelwand
bereitgestellt zu werden.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei der Satz aus Elektroden (98) eine in
das Septum implantierte Schraubenelektrode und
eine Ringelektrode in dessen Ndhe umfasst.

Revendications

1.

2,

4.

Appareil (18) pour appliquer un signal a un coeur
(20) d’un sujet humain, comprenant:

un ensemble d’'une ou de plusieurs électrodes
(98) couplé au septum ventriculaire droit (22) du
coeur (20) ; et

une unité de commande (90),

dans lequel I'unité de commande (90) est adap-
tée pour piloter 'ensemble d’électrodes avec un
signal non excitateur synchronisé pour étre dé-
livré au septum (22) pendant une période réfrac-
taire d’un tissu excitable du septum (22) et syn-
chronisé pour augmenter une contractilité d’'un
ventricule gauche dudit coeur,

caractérisé en ce que

la synchronisation se faisant aprés un délai de
20 a 250 ms suite a une application d’une im-
pulsion de stimulation.

Appareil selon la revendication 1, dans lequel I'unité
de commande (90) est adaptée pour générer le si-
gnal non excitateur configuré pour modifier une con-
tractilité du septum (22).

Appareil selon la revendication 1, dans lequel I'unité
de commande (90) est adaptée pour générer le si-
gnal non excitateur configuré pour modifier une con-
tractilité du ventricule droit (30) du coeur (20).

Appareil selon I'une quelconque des revendications
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1a3,danslequell'unité de commande (90) est adap-
tée pour générer le signal non excitateur sous forme
d’une série d’impulsions biphasiques.

Appareil selon I'une quelconque des revendications
1a3,danslequell'unité de commande (90) est adap-
tée pour générer le signal non excitateur sous forme
d’'une série d’'impulsions généralement carrées.

Appareil selon 'une quelconque des revendications
1a3,danslequell'unité de commande (90) est adap-
tée pour générer le signal non excitateur sous forme
d’une série d'impulsions a une fréquence supérieure
a environ 50 Hz.

Appareil selon I'une quelconque des revendications
1a3,danslequell'unité de commande (90) est adap-
tée pour générer le signal non excitateur sous forme
d’'une série d'impulsions a une fréquence inférieure
a environ 100 Hz.

Appareil selon 'une quelconque des revendications
1a3,danslequell'unité de commande (90) est adap-
tée pour générer le signal non excitateur sous forme
d’'une série d'impulsions a une fréquence entre en-
viron 50 Hz et 100 Hz.

Appareil selon I'une quelconque des revendications
1a3,danslequell'unité de commande (90) est adap-
tée pour générer le signal non excitateur sous forme
d’une série d’'impulsions qui sont supérieures a en-
viron 8 mA.

Appareil selon la revendication 9, dans lequel I'unité
de commande (90) est adaptée pour générer le si-
gnal non excitateur sous forme d’une série d'impul-
sions qui sont supérieures a environ 10 mA.

Appareil selon I'une quelconque des revendications
1 a 3, dans lequel l'unité de commande est adaptée
pour générer le signal non excitateur approprié pour
étre délivré a un site au niveau ou adjacent a une
intersection du septum et de la paroi libre ventricu-
laire droite.

Appareil selon la revendication 1, dans lequel I'unité
de commande (90) est configurée pour générer un
signal de stimulation excitateur approprié pour étre
délivré au septum (22), puis pour générer le signal
non excitateur pendant la période réfractaire du sep-
tum (22).

Appareil selon la revendication 1, dans lequel I'unité
de commande (90) est configurée pour piloter I'en-
semble d’électrodes afin de générer le signal non
excitateur au septum (22) pendant la période réfrac-
taire du septum suite a une application d’'un signal
de stimulation excitateur au coeur (20).
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14.

15.

16.

17.

18.

19.

20.

21.

Appareil selon la revendication 1, comprenant en
outre une ou plusieurs électrodes de détection locale
(74), qui sont configurées pour étre placées dans le
coeur (20), et pour acheminer des signaux électri-
ques a l'unité de commande (90) en réponse a une
activité électrique cardiaque, et dans lequel 'unité
de commande (90) est configurée pour synchroniser
le signal non excitateur a une activité électrique car-
diaque détectée.

Appareil selon la revendication 14, dans lequel I'uni-
té de commande (90) est configurée pour piloter I'en-
semble d’électrodes afin de fournir le signal non ex-
citateur suite au début de I'activité électrique cardia-
que détectée.

Appareil selon la revendication 14, dans lequel I'uni-
té de commande (90) est configurée pour fournir un
signal de stimulation excitateur au septum (22), et,
suite a I'activité électrique cardiaque détectée, pour
fournir le signal non excitateur au septum (22).

Appareil selon la revendication 14, dans lequel I'uni-
té de commande (90) ne fournit pas de signal de
stimulation au coeur (20).

Appareil selon la revendication 14, dans lequel I'en-
semble d’une ou de plusieurs électrodes (98) com-
porte au moins 'une des une ou plusieurs électrodes
de détection locale (74).

Appareil selon la revendication 1, dans lequel I'unité
de commande (90) est en outre adaptée pour fournir
des signaux comprenant au moins I'une des capa-
cités choisies dans le groupe constitué : des capa-
cités de cardioversion et des capacités de défibrilla-
tion.

Appareil selon la revendication 1, dans lequel I'unité
de commande (90) est configurée pour fournir un
signal adapté pour étre délivré a une paroi libre ven-
triculaire gauche.

Appareil selon 'une quelconque des revendications
précédentes, dans lequel 'ensemble d’électrodes
(98) comprend une électrode vissée implantée dans
le septum et une électrode annulaire a proximité de
ce dernier.
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