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Description

Field of the Invention

[0001] This invention pertains to a device for the diag-
nosis and treatment of heart disease and to devices pro-
viding electrostimulation to the heart such as cardiac
pacemakers.

Background

[0002] Congestive heart failure (CHF) is a clinical syn-
drome in which an abnormality of cardiac function causes
cardiac output to fall below a level adequate to meet the
metabolic demand of peripheral tissues. CHF can be due
to a variety of etiologies with that due to ischemic heart
disease being the most common. Inadequate pumping
of blood into the arterial system by the heart is sometimes
referred to as "forward failure," with "backward failure"
referring to the resulting elevated pressures in the lungs
and systemic veins which lead to congestion. Backward
failure is the natural consequence of forward failure as
blood in the pulmonary and venous systems fails to be
pumped out. Forward failure can be caused by impaired
contractility of the ventricles due, for example, to coro-
nary artery disease, or by an increased afterload (i.e.,
the forces resisting ejection of blood) due to, for example,
systemic hypertension or valvular dysfunction. One
physiological compensatory mechanism that acts to in-
crease cardiac output is due to backward failure which
increases the diastolic filling pressure of the ventricles
and thereby increases the preload (i.e., the degree to
which the ventricles are stretched by the volume of blood
in the ventricles at the end of diastole). An increase in
preload causes an increase in stroke volume during sys-
tole, a phenomena known as the Frank-Starling principle.
Thus, heart failure can be at least partially compensated
by this mechanism but at the expense of possible pul-
monary and/or systemic congestion.
[0003] When the ventricles are stretched due to the
increased preload over a period of time, the ventricles
become dilated. The enlargement of the ventricular vol-
ume causes increased ventricular wall stress at a given
systolic pressure. Along with the increased pressure-vol-
ume work done by the ventricle, this acts as a stimulus
for hypertrophy of the ventricular myocardium which
leads to alterations in cellular structure, a process re-
ferred to as ventricular remodeling. Hypertrophy can in-
crease systolic pressures but also decreases the com-
pliance of the ventricles and hence increases diastolic
filling pressure to result in even more congestion. It also
has been shown that the sustained stresses causing
hypertrophy may induce apoptosis (i.e., programmed cell
death) of cardiac muscle cells and eventual wall thinning
which causes further deterioration in cardiac function.
Thus, although ventricular dilation and hypertrophy may
at first be compensatory and increase cardiac output, the
process ultimately results in both systolic and diastolic

dysfunction. It has been shown that the extent of ven-
tricular remodeling is positively correlated with increased
mortality in CHF patients.
[0004] US-B-6 285 898 figure 13 discloses an implant-
ed pacemaker which via several electrodes can measure
local slow-repolarization plateaus the duration of which
is directly related to the amount of work performed by the
muscle, column 4 line 40.
[0005] WO-A-01-8748 discloses a multi-site cardiac
pacing system for providing pacing in multiple sites of a
patient’s heart.

Summary of the Invention

[0006] Disparate stresses in different areas of the heart
are responsible for the undesirable remodeling dis-
cussed above. The present invention relates to a device
as claimed in claim 1 for acutely assessing myocardial
wall stress at a local site. The cardiac rhythm manage-
ment device of the invention has the capability of pacing
and sensing multiple cardiac sites. Such a device may
be programmed to measure activation-recovery intervals
at one or more myocardial sites and identify stressed
sites with a threshold criterion. The assessment of local-
ized wall stress may then be used by a clinician in plan-
ning subsequent therapy. The device can also be pro-
grammed to deliver pacing pulses in a manner such that
the stressed site or sites so identified are pre-excited
relative to other myocardial regions during systole. Such
pre-excitation serves to mechanically unload the
stressed site and hence prevent or reverse myocardial
remodeling.

Brief Description of the Drawings

[0007]

Fig. 1 is a block diagram of an exemplary cardiac
rhythm management device for practicing one em-
bodiment of the present invention.
Fig. 2 is a block diagram of sensing channel compo-
nents for detecting ventricular depolarizations and
repolarizations.
Fig. 3 depicts an exemplary placement of sensing/
pacing electrodes in the left ventricle.

Detailed Description

[0008] Some form of cardiac pacing can often benefit
CHF patients. For example, sinus node dysfunction re-
sulting in bradycardia can contribute to heart failure which
can be corrected with conventional bradycardia pacing.
Also, some CHF patients suffer from some degree of AV
block such that their cardiac output is improved by syn-
chronizing atrial and ventricular contractions with dual-
chamber pacing using a programmed AV delay time (i.e.,
atrial triggered ventricular pacing or AV sequential pac-
ing). CHF patients may also suffer from conduction de-
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fects of the specialized conduction system of the heart
(a.k.a. bundle branch blocks) so that a depolarization im-
pulse from the AV node reaches one ventricle before the
other. Stretching of the ventricular wall brought about by
CHF can also cause slowed conduction of depolarization
impulses through the ventricle. If conduction velocity is
slowed in the left ventricle more than the right, for exam-
ple, the contraction of the two ventricles during ventricular
systole becomes uncoordinated which lessens pumping
efficiency. The contraction of a single ventricle may also
become uncoordinated due to intraventricular conduc-
tion defects. In these situations, cardiac output can be
increased by improving the synchronization of right and
left ventricular contractions with cardiac resynchroniza-
tion pacing.
[0009] In multi-site resynchronization pacing, the atria
or ventricles are paced at more than one site in order to
affect a spread of excitation that results in a more coor-
dinated contraction. Biventricular pacing is one example
of multi-site pacing in which both ventricles are paced in
order to synchronize their respective contractions. Multi-
site pacing may also be applied to only one chamber.
For example, a ventricle may be paced at multiple sites
with pacing pulses in order to produce multiple waves of
depolarization that emanate from the pacing sites. This
may produce a more coordinated contraction of the ven-
tricle and thereby compensate for intraventricular con-
duction defects that may exist.
[0010] Altering the coordination of ventricular contrac-
tions with multi-site pacing can also be used to deliber-
ately change the distribution of wall stress experienced
by the ventricle during the cardiac pumping cycle. The
degree to which a heart muscle fiber is stretched before
it contracts is termed the preload. The maximum tension
and velocity of shortening of a muscle fiber increases
with increasing preload. The increase in contractile re-
sponse of the heart with increasing preload is known as
the Frank-Starling principle. When a myocardial region
contracts late relative to other regions, the contraction of
those opposing regions stretches the later contracting
region and increases the preload. The degree of tension
or stress on a heart muscle fiber as it contracts is termed
the afterload. Because pressure within the ventricles ris-
es rapidly from a diastolic to a systolic value as blood is
pumped out into the aorta and pulmonary arteries, the
part of the ventricle that first contracts due to an excitatory
stimulation pulse does so against a lower afterload than
does a part of the ventricle contracting later. Thus a my-
ocardial region that contracts later than other regions is
subjected to both an increased preload and afterload.
This situation is created frequently by the ventricular con-
duction delays associated with heart failure and ventricu-
lar dysfunction.
[0011] The heart’s initial physiological response to the
uneven stress resulting from an increased preload and
afterload is compensatory hypertrophy in those later con-
tracting regions of the myocardium. In the later stages of
remodeling, the regions may undergo atrophic changes

with wall thinning due to the increased stress. The parts
of the myocardium that contract earlier in the cycle, on
the other hand, are subjected to less stress and are less
likely to undergo hypertrophic remodeling. The present
invention makes use of this phenomena in order to effect
reversal of remodeling by pacing one or more sites in a
ventricle (or an atrium) with one or more excitatory stim-
ulation pulses during a cardiac cycle with a specified
pulse output sequence. The pace or paces are delivered
in a manner that excites a previously stressed and re-
modeled region of the myocardium earlier during systole
so that it experiences less afterload and preload. This
pre-excitation of the remodeled region relative to other
regions unloads the region from mechanical stress and
allows reversal of remodeling to occur.
[0012] In another application of the invention, pre-ex-
citation stimulation may be used to unload a stressed
myocardial region that has been weakened by ischemia
or other causes. Such regions of the myocardium may
be particularly vulnerable to dilation and formation of an-
eurysms. An increased preload and afterload also re-
quires an increased energy expenditure by the muscle
which, in turn, increases its perfusion requirements and
may result in further ischemia. Pre-excitation of an
ischemic region may thus reduce the region’s need for
blood as well as reduce the mechanical stress to which
the region is subjected during systole to reduce the like-
lihood of further dilation.
[0013] As detailed below, the present invention pro-
vides a means by which a pacemaker capable of multi-
site sensing and pacing may identify stressed sites. The
device may then be programmed to alter its pacing op-
eration in a manner that reduces the stress to those sites.

1. Hardware platform

[0014] Cardiac rhythm management devices such as
pacemakers are usually implanted subcutaneously on a
patient’s chest and have leads threaded intravenously
into the heart to connect the device to electrodes used
for sensing and pacing. A programmable electronic con-
troller causes the pacing pulses to be output in response
to lapsed time intervals and sensed electrical activity (i.e.,
intrinsic heart beats not as a result of a pacing pulse).
Pacemakers sense intrinsic cardiac electrical activity by
means of internal electrodes disposed near the chamber
to be sensed. A depolarization wave associated with an
intrinsic contraction of the atria or ventricles that is de-
tected by the pacemaker is referred to as an atrial sense
or ventricular sense, respectively. In order to cause such
a contraction in the absence of an intrinsic beat, a pacing
pulse (either an atrial pace or a ventricular pace) with
energy above a certain pacing threshold is delivered to
the chamber.
[0015] Fig. 1 shows a system diagram of a microproc-
essor-based pacemaker equipped with multiple sensing
and pacing channels which may be physically configured
to sense and/or pace multiple sites in the atria or the
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ventricles. The controller 10 of the pacemaker is a mi-
croprocessor which communicates with a memory 12 via
a bidirectional data bus. The controller could be imple-
mented by other types of logic circuitry (e.g., discrete
components or programmable logic arrays) using a state
machine type of design, but a microprocessor-based sys-
tem is preferable. As used herein, the term "circuitry"
should be taken to refer to either discrete logic circuitry
or to the programming of a microprocessor. The memory
12 typically comprises a ROM (read-only memory) for
program storage and a RAM (random-access memory)
for data storage. Shown in the figure are four exemplary
sensing and pacing channels designated "a" through "d"
comprising electrodes 34a-d, leads 33a-d, sensing am-
plifiers 31a-d, pulse generators 32a-d, and channel in-
terfaces 30a-d. Although only one electrode for each lead
is shown in the figure, the leads may be either unipolar
leads, where a single electrode referenced to the device
housing is used for sensing and pacing, or bipolar leads
which include two closely spaced electrodes for sensing
and pacing. The channel interfaces 30a-d communicate
bidirectionally with microprocessor 10, and each inter-
face may include analog-to-digital converters for digitiz-
ing sensing signal inputs from the sensing amplifiers and
registers that can be written to by the microprocessor in
order to output pacing pulses, change the pacing pulse
amplitude, and adjust the gain and threshold values for
the sensing amplifiers. An exertion level sensor 330 (e.g.,
an accelerometer, a minute ventilation sensor, or other
sensor that measures a parameter related to metabolic
demand) enables the controller to adapt the pacing rate
in accordance with changes in the patient’s physical ac-
tivity. A telemetry interface 40 is also provided for com-
municating with an external programmer 500 which has
an associated display 510.
[0016] The controller 10 controls the overall operation
of the device in accordance with programmed instruc-
tions stored in memory, including controlling the delivery
of paces via the pacing channels, interpreting sense sig-
nals received from the sensing channels, and implement-
ing timers for defining escape intervals and sensory re-
fractory periods. The sensing circuitry of the pacemaker
detects a chamber sense, either an atrial sense or ven-
tricular sense, when an electrogram signal (i.e., a voltage
sensed by an electrode representing cardiac electrical
activity) generated by a particular channel exceeds a
specified detection threshold. Pacing algorithms used in
particular pacing modes employ such senses to trigger
or inhibit pacing, and the intrinsic atrial and/or ventricular
rates can be detected by measuring the time intervals
between atrial and ventricular senses, respectively.
[0017] The controller is capable of operating the device
in a number of programmed pacing modes which define
how pulses are output in response to sensed events and
expiration of time intervals. Most pacemakers for treating
bradycardia are programmed to operate synchronously
in a so-called demand mode where sensed cardiac
events occurring within a defined interval either trigger

or inhibit a pacing pulse. Inhibited demand pacing modes
utilize escape intervals to control pacing in accordance
with sensed intrinsic activity such that a pacing pulse is
delivered to a heart chamber during a cardiac cycle only
after expiration of a defined escape interval during which
no intrinsic beat by the chamber is detected. Escape in-
tervals for ventricular pacing can be restarted by ven-
tricular or atrial events, the latter allowing the pacing to
track intrinsic atrial beats. Multiple excitatory stimulation
pulses can also be delivered to multiple sites during a
cardiac cycle in order to both pace the heart in accord-
ance with a bradycardia mode and provide resynchroni-
zation of contractions to compensate for conduction de-
fects.
[0018] The device shown in Fig. 1 can be configured
such that multiple cardiac sites are sensed and/or paced.
As described below, this allows those sites to be moni-
tored to determine if any are experiencing increased wall
stress. Once one or more such sites are identified, the
device may be programmed to initiate stress reduction
pacing that pre-excites the stressed site or sites. Initiation
of stress reduction pacing may involve altering the de-
vice’s pulse output configuration and/or sequence, where
the pulse output configuration specifies a specific subset
of the available electrodes to be used for delivering pac-
ing pulses and the pulse output sequence specifies the
timing relations between the pulses.

2. Assessment of myocardial wall stress

[0019] In order to assess local myocardial wall stress,
the action potential duration during systole, also referred
to herein as the activation-recovery interval, can be
measured by a device such as shown in Fig. 1 at those
sites where sensing electrodes are disposed. Because
the bipolar electrodes "see" a smaller volume of the my-
ocardium, it may be desirable to use bipolar sensing elec-
trodes rather than unipolar electrodes for measuring the
activation-recovery interval at the electrode sites. The
controller is programmed to measure the activation-re-
covery interval as the time between a detected depolari-
zation and a detected repolarization in an electrogram
generated by a sensing channel. Sensing channels can
be designed to detect both depolarizations (i.e., conven-
tional atrial or ventricular senses) and repolarizations.
Fig. 2 illustrates how this may be implemented in a ven-
tricular sensing channel. When the channel is awaiting
a ventricular sense, the electrogram signal is passed
through an R wave bandpass filter (26a or 26b) with pass-
band characteristics selected to match the frequency
content of a ventricular depolarization. The ventricular
depolarization sensing circuitry (28a or 28b) then com-
pares the filtered electrogram signal with a threshold to
detect when a ventricular sense occurs. After a ventricu-
lar sense occurs, the channel awaits a ventricular repo-
larization during a specified time frame (e.g., between 50
and 500 milliseconds after the ventricular depolariza-
tion). During this time, the electrogram signal is passed
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through a T wave bandpass filter (27a or 27b) that has
a passband characteristic conforming to the frequency
content of a ventricular repolarization which is generally
lower than that of a ventricular depolarization. The ven-
tricular repolarization sensing circuitry (29a or 29b) then
compares the filtered electrogram signal with a threshold
to determine when the repolarization occurs. The chan-
nel may continue to monitor for depolarizations during
this time in case the repolarization is undersensed. A
similar scheme with atrial depolarization and repolariza-
tion bandpass filters and sensing circuits may be imple-
mented to detect atrial repolarizations.
[0020] The bandpass filters in Fig. 2 may be imple-
mented as analog filters that operate directly on the elec-
trogram signal received from the electrodes or may be
switched capacitor-type filters that sample the electro-
gram signal into a discrete-time signal which is then fil-
tered. Alternatively, the electrogram signal can be sam-
pled and digitized by an A/D converter in the channel
interface with the bandpass filtering implemented in the
digital domain by a dedicated processor or code execut-
ed by the controller 10.
[0021] After measuring the activation-recovery interval
at a plurality of myocardial sites, sites that are stressed
may be identified with a specified threshold criterion ap-
plied to the activation-recovery interval. That is, a site is
identified as stressed when its measured activation-re-
covery interval is below the specified threshold value.
Because the cardiac action potential normally varies with
heart rate, it may be desirable to measure activation-
recovery intervals during intrinsic beats for the purpose
of assessing myocardial stress only when the heart rate
is within a specified range. Activation-recovery intervals
can also be measured during paced beats while pacing
pulses are delivered at a specified rate. In the case of a
paced beat, the depolarization corresponds to an evoked
response detected by the sensing channel, while the re-
polarization is similar to an intrinsic beat. Alternatively,
the threshold criterion for assessing myocardial wall
stress based upon the activation-recovery interval may
be adjusted in accordance with the measured intrinsic
heart rate or pacing rate.
[0022] Another technique that can be used to identify
stressed sites is the phenomena of mechanical altern-
ans. When oscillations in pulse pressure are detected in
a patient, referred to as pulsus alternans it is generally
interpreted by clinicians as a sign of left ventricular dys-
function. Localized alternations in local wall stress, as
revealed by alternations in the activation-recovery inter-
val, may similarly indicate that the site is subjected to
increased stress. Stressed sites may therefore be iden-
tified by detecting oscillations in the measured activation-
recovery interval in addition to, the threshold criterion for
the activation-recovery interval discussed above.
[0023] Once one or more stressed sites are identified,
the information may be communicated to an external pro-
grammer via a telemetry link and used by a clinician in
planning further treatment. A wall stress parameter for

each electrode site may be determined from the length
of the activation-recovery interval as well as a parameter
representing the average overall myocardial wall stress.
As described below, the device may also be programmed
to alter its pacing mode so as to mechanically unload one
or more of the stressed sites.

3. Pacing to unload stressed sites

[0024] One or more myocardial pacing sites identified
as stressed may be mechanically unloaded during sys-
tole by delivering one or more pacing pulses in a manner
such that the stressed site or sites are pre-excited relative
to other regions of the myocardium. Such pacing subjects
the stressed sites to a lessened preload and afterload
during systole, thus reducing the wall stress. By unload-
ing a myocardial region in this way over a period of time,
reversal of undesirable myocardial remodeling may also
be effected. Pre-excitation may also be applied to
stressed regions of the myocardium that have been
weakened by ischemia or other causes in order to prevent
further dilation and/or promote healing.
[0025] Pacing for myocardial wall stress reduction may
be delivered in accordance with a programmed brady-
cardia pacing mode and thus also provide therapy for
bradycardia as well. Such pacing also may or may not
include multi-site pacing for purpose of also providing
cardiac resynchronization therapy. What effects local-
ized stress reduction is the pre-excitation of one or more
myocardial regions relative to other regions during sys-
tole. This may be accomplished in certain situations with
single-site pacing and in others with multi-site resynchro-
nization pacing that also improves the pumping function
of the heart. In the latter case, the pacing pulse output
configuration and sequence that produces optimum re-
synchronization may or may not also deliver optimum
therapy for reduction of myocardial wall stress.
[0026] In an exemplary embodiment, a device such as
illustrated in Fig. 1 is configured with a plurality of pacing/
sensing electrodes disposed in both ventricles at select-
ed sites. The device is programmed to normally deliver
pacing pulses to selected ones of the available pacing
electrodes, referred to as a pulse output configuration,
and in a specified time sequence, referred to as a pulse
output sequence. One such site then is identified as a
stressed site as defined in claim 1 , and the device is
programmed by initiate stress reduction pacing for that
site. In one example, the device normally delivers brady-
cardia pacing at a single ventricular site, and then switch-
es the pacing configuration to deliver pacing pulses to
the stressed site. Single-site pacing that pre-excites the
ventricle at this site results in the stressed site being ex-
cited before other regions of the ventricular myocardium
as the wave of excitation spreads from the paced site. In
another example, the device is programmed to deliver
resynchronization pacing with multiple paces delivered
to one or both ventricles during a cardiac cycle. In order
to reduce stress at the identified site, the pulse output
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configuration is modified, if necessary, to include the
stressed site, and the pulse output sequence is selected
such that the stressed site is excited before other regions
as the wave of excitation spreads from the multiple pacing
sites.
[0027] A more specific example is illustrated with ref-
erence to Fig.3 which depicts a left ventricle 200 with
sites 210 and 220 to which are fixed epicardial pacing/
sensing electrodes. The device of Fig. 1 delivers pacing
pulses to one or both sites in accordance with a biven-
tricular or left ventricle-only pacing mode through its pac-
ing channels. The myocardium at pacing site 210 is
shown as being hypertrophied as compared to the myo-
cardium at pacing site 220, presumably due to increased
wall stress at site 210. The device then identifies the site
210 as a stressed site and initiates stress reduction pac-
ing. In order to unload the hypertrophied site 210 during
systole and thereby promote reversal of the hypertrophy,
the device delivers pacing with a pulse output sequence
that stimulates the hypertrophied site 210 before the oth-
er site 220. The lessened mechanical stress during sys-
tole then allows the site 210 to undergo reversal of the
hypertrophy. In another example, both the right and left
ventricles are paced at separate sites by pacing pulses
delivered with a specified biventricular delay between the
pulses delivered to each ventricle. If one of the pacing
sites is identified as a stressed site, the biventricular delay
can be adjusted so that the stressed ventricular pacing
site is pre-excited relative to the other to change the wall
stresses developed near these sites during systolic con-
traction.
[0028] In addition to pre-exciting selected sites in order
to prevent or promote reversal of myocardial remodeling,
such pre-excitation may also reduce the average wall
stress of the heart and, consequently, its total workload.
Such an effect may be desirable when the heart’s blood
supply is compromised due to coronary disease. As not-
ed above, measurement of activation-recovery intervals
at a plurality of sites can be used to compute an average
wall stress parameter. The device may therefore be pro-
grammed to try different pacing output sequences and/or
configurations, compute the average wall stress param-
eter for each, and then select the pulse output sequence
and configuration that minimizes the parameter.
[0029] In the examples described above, the device is
programmed to alter its pacing mode when a stressed
site is identified by modifying the pulse output configura-
tion and/or sequence to pre-excite the stressed site.
Stress reduction pacing may be augmented where the
pacing pulses are delivered in a demand mode by de-
creasing the escape interval used to pace the stressed
site (e.g., the ventricular escape interval or the AV delay
interval in the case of dual-chamber pacing). In another
example, the device is configured with multiple sensing/
pacing electrodes but is programmed to deliver neither
bradycardia nor resynchronization pacing during normal
operation. After a stressed site is identified, a pacing
mode is initiated such that the stressed site is pre-excited

in a timed relation to a triggering event that indicates an
intrinsic beat has either occurred or is imminent such as
immediately following the earliest detection of intrinsic
activation elsewhere in the ventricle. Such activation may
be detected from an electrogram with a conventional ven-
tricular sensing electrode. An earlier occurring trigger
event may be detected by extracting the His bundle con-
duction potential from a special ventricular sensing elec-
trode using signal processing techniques.
[0030] Although the invention has been described in
conjunction with the foregoing specific embodiments,
many alternatives, variations, and modifications will be
apparent to those of ordinary skill in the art. Other such
alternatives, variations, and modifications are intended
to fall within the scope of the following appended claims.

Claims

1. A cardiac rhythm management device, comprising:

sensing channels (34a-d, 33a-d, 31a-d, 30a-d)
for sensing cardiac electrical activity at a plurality
of myocardial sites;
pacing channels (34a-d, 33a-d, 32a-d, 30a-d)
for delivering pacing pulses to one or more my-
ocardial sites;
a controller (10) for controlling the delivery of
pacing pulses in accordance with a programmed
pacing mode;
wherein the device is characterized by:

circuitry for measuring activation-recovery
intervals at a plurality of myocardial sites
indicative of myocardial wall stress;
circuitry for measuring an activation-recov-
ery interval as the time between a detected
depolarization and a detected repolariza-
tion in an electrogram generated by a sens-
ing channel, wherein the sensing channel
is a ventricular sensing channel including
an R wave bandpass filter (26a, 26b) with
passband characteristics selected to match
the frequency content of a ventricular depo-
larization and a T wave bandpass filter (27a,
27b) that has a passband characteristic
conforming to the frequency content of a
ventricular repolarization; and,
circuitry for identifying one or more stressed
myocardial sites based upon the measured
activation-recovery intervals, wherein a my-
ocardial site is identified as a stressed site
if its measured activation-recovery interval
is below a specified threshold value.

2. The device of claim 1 further comprising circuitry for
delivering pacing pulses in a selected pulse output
sequence such that an identified stressed site is ex-
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cited before other myocardial regions during systole.

3. The device of claim 1 further comprising circuitry for
switching a pulse output configuration that defines
which pacing channels are used during a cardiac
cycle such that an identified stressed site is excited
before other myocardial regions during systole.

4. The device of claim 1 further comprising circuitry for
measuring activation-recovery intervals in order to
identify stressed sites during intrinsic beats when a
measured heart rate is within a specified range.

5. The device of claim 1 further comprising circuitry for
measuring activation-recovery intervals in order to
identify stressed sites during paced beats while de-
livering pacing pulses at a specified rate.

6. The device of claim 1 further comprising circuitry for
adjusting a criterion for identifying stressed sites
based upon measured activation-recovery intervals
in accordance with measured heart rate.

7. The device of claim 1 further comprising circuitry for
computing an average myocardial wall stress pa-
rameter based upon activation-recovery intervals
measured at a plurality of myocardial sites.

8. The device of claim 7 wherein further comprising cir-
cuitry for delivering pacing pulses with a pulse output
configuration and in a pulse output sequence select-
ed to pre-excite particular myocardial sites and re-
duce the average myocardial wall stress.

9. The device of claim 1 further comprising circuitry for
measuring activation-recovery intervals and identify
stressed myocardial sites at periodic time intervals.

10. The device of claim 1 wherein the sensing and pacing
channels are configured to pace and sense ventricu-
lar sites further comprising:

circuitry for delivering pacing pulses to one or
more ventricular sites in accordance with a pro-
grammed pacing mode; and
circuitry for switching a pulse output configura-
tion and a pulse output sequence defining the
pacing mode in order to pre-excite identified
stressed ventricular sites.

Patentansprüche

1. Herzrhythmus-Managementvorrichtung, umfas-
send:

Messkanäle (34a-d, 33a-d, 31a-d, 30a-d) zum
Messen von elektrischer Aktivität des Herzens

an einer Mehrzahl von myokardialen Stellen;
Stimulationskanäle (34a-d, 33a-d, 32a-d, 30a-
d), um Stimulationsimpulse an eine oder meh-
rere myokardiale Stellen zu liefern;
eine Steuerung (10), um die Lieferung von Sti-
mulationsimpulsen zu steuern in Übereinstim-
mung mit einem programmierten Stimulations-
modus;
wobei die Vorrichtung gekennzeichnet ist
durch:

Schaltkreise, um Aktivierungs-Erholungs-
intervalle an einer Mehrzahl von myokardia-
len Stellen zu messen, die myokardialen
Wandstress abbilden;
Schaltkreise zum Messen eines Aktivie-
rungs-Erholungsintervalls als die Zeit zwi-
schen einer detektierten Depolarisierung
und einer detektierten Repolarisierung in ei-
nem Elektrogramm, das durch den Mes-
skanal erzeugt wird, wobei der Messkanal
ein ventrikulärer Messkanal ist, der einen
R-Wellen-Bandpassfilter (26a, 26b) be-
inhaltet, mit Passbandcharakteristiken aus-
gewählt, um zu dem Frequenzgehalt einer
ventrikulären Depolarisation zu passen und
einen T-Wellen-Bandpassfilter (27a, 27b),
der eine Passbandcharakteristik entspre-
chend des Frequenzgehalts von einer ven-
trikulären Repolarisation hat; und,
Schaltkreise zum Identifizieren einer oder
mehrerer gestresster myokardialer Stellen
basierend auf den gemessenen Aktivie-
rungs-Erholungsintervallen, wobei eine
myokardiale Stelle als gestresst identifiziert
wird, wenn ihr gemessenes Aktivierungs-
Erholungsintervall unter einem spezifizier-
ten Schwellwert liegt.

2. Vorrichtung gemäß Anspruch 1, weiter umfassend
Schaltkreise zum Liefern von Stimulationsimpulsen
in einer ausgewählten Impulsausgabesequenz, so-
dass die identifizierten gestressten Stellen vor an-
deren myokardialen Bereichen während der Systole
erregt werden.

3. Vorrichtung gemäß Anspruch 1, weiter umfassend
Schaltkreise, um eine Impulsausgangskonfiguration
zu schalten, die definiert, welche Stimulationskanäle
während eines Herzzyklus benutzt werden, sodass
eine identifizierte gestresste Stelle vor anderen myo-
kardialen Bereichen während der Systole erregt
wird.

4. Vorrichtung gemäß Anspruch 1, weiter umfassend
Schaltkreise zum Messen von Aktivierungs-Erho-
lungsintervallen, um gestresste Stellen während in-
trinsischer Schläge zu identifizieren, wenn eine ge-
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messene Herzfrequenz innerhalb eines spezifizier-
ten Bereichs liegt.

5. Vorrichtung gemäß Anspruch 1, weiter umfassend
Schaltkreise zum Messen von Aktivierungs-Erho-
lungsintervallen, um gestresste Stellen während sti-
mulierter Schläge zu identifizieren, während Stimu-
lierungsimpulse in einer vorbestimmten Frequenz
geliefert werden.

6. Vorrichtung gemäß Anspruch 1, weiter umfassend
Schaltkreise zum Einstellen eines Kriteriums zum
Identifizieren von gestressten Stellen, basierend auf
gemessenen Aktivierungs-Erholungsintervallen in
Übereinstimmung mit einer gemessenen Herzfre-
quenz.

7. Vorrichtung gemäß Anspruch 1, weiter umfassend
Schaltkreise zum Berechnen eines durchschnittli-
chen myokardialen Wandstressparameters basie-
rend auf den an der Mehrzahl von myokardialen Stel-
len gemessenen Aktivierungs-Erholungsintervallen.

8. Vorrichtung gemäß Anspruch 7, weiter umfassend
Schaltkreise zum Liefern von Stimulationsimpulsen
mit einer Impulsausgangskonfiguration und einer
Impulsausgangssequenz ausgewählt, um bestimm-
te myokardiale Stellen vorzuerregen und den durch-
schnittlichen myokardialen Wandstress zu reduzie-
ren.

9. Vorrichtung gemäß Anspruch 1, weiter umfassend
Schaltkreise zum Messen von Aktivierungs-Erho-
lungsintervallen und Identifizieren von gestressten
myokardialen Stellen in periodischen Zeitintervallen.

10. Vorrichtung gemäß Anspruch 1, wobei die Mess-
und Stimulationskanäle ausgelegt sind, um ventri-
kuläre Stellen zu stimulieren und zu messen, weiter
umfassend:

Schaltkreise zum Liefern von Simulationsimpul-
sen an eine oder mehrere ventrikuläre Stellen
in Übereinstimmung mit einem programmierten
Stimulationsmodus; und
Schaltkreise zum Schalten einer Impulsaus-
gangskonfiguration und einer Impulsausgangs-
sequenz, die den Stimulationsmodus definie-
ren, um identifizierte gestresste ventrikuläre
Stellen vorzuerregen.

Revendications

1. Dispositif de gestion du rythme cardiaque,
comportant :

des canaux de détection (34a-d, 33a-d, 31a-d,

30a-d) pour détecter une activité électrique car-
diaque en une pluralité d’emplacements du
myocarde ;
des canaux de stimulation (34a-d, 33a-d, 32a-
d, 30a-d) pour délivrer des impulsions de stimu-
lation en un ou plusieurs emplacements du
myocarde ;
un régulateur (10) pour commander la délivran-
ce des impulsions de stimulation selon un mode
de stimulation programmé ;
dans lequel le dispositif est caractérisé par :

des circuits pour mesurer des intervalles ac-
tivation-récupération en une pluralité d’em-
placements du myocarde représentatifs
d’une surcharge de la paroi du myocarde ;
des circuits pour mesurer un intervalle ac-
tivation-récupération lorsque le temps entre
une dépolarisation détectée et une repola-
risation détectée dans un électrocardio-
gramme généré par un canal de détection,
dans lequel le canal de détection est un ca-
nal de détection ventriculaire qui inclut un
filtre passe-bande d’onde R (26a, 26b) avec
des caractéristiques passe-bande sélec-
tionnées pour correspondre avec le conte-
nu fréquentiel d’une dépolarisation ventri-
culaire et un filtre passe-bande à onde T
(27a, 27b) qui a une caractéristique passe-
bande se conformant au contenu fréquen-
tiel d’une repolarisation ventriculaire ; et
des circuits pour identifier un ou plusieurs
emplacements du myocarde en surcharge
sur la base des intervalles d’activation-ré-
cupération mesurés,
dans lesquels un emplacement du myocar-
de est identifié comme étant un emplace-
ment en surcharge si son intervalle d’acti-
vation-récupération mesuré est en dessous
d’une valeur de seuil spécifiée.

2. Dispositif selon la revendication 1 comportant en
outre des circuits pour délivrer des impulsions de
stimulation dans une séquence de sortie d’impul-
sions sélectionnée de sorte qu’un emplacement de
surcharge identifié est stimulé avant d’autres zones
du myocarde pendant la systole.

3. Dispositif selon la revendication 1 comportant en
outre des circuits pour commuter une configuration
de sortie d’impulsion qui définit quels canaux de sti-
mulation sont utilisés lors d’un cycle cardiaque de
sorte qu’un emplacement identifié en surcharge est
stimulé avant d’autres zones du myocarde lors de la
systole.

4. Dispositif selon la revendication 1 comportant en
outre des circuits pour mesurer les intervalles d’ac-
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tivation-récupération afin d’identifier les emplace-
ments en surcharge lors de battements intrinsèques
lorsque le rythme cardiaque mesuré est situé dans
une marge spécifiée.

5. Dispositif selon la revendication 1 comportant en
outre des circuits pour mesurer les intervalles d’ac-
tivation-récupération afin d’identifier les emplace-
ments en surcharge lors de battements stimulés
pendant la délivrance d’impulsions de stimulation à
un rythme spécifiée.

6. Dispositif selon la revendication 1 comportant en
outre des circuits pour ajuster un critère d’identifica-
tion des emplacements en surcharge sur la base
d’intervalles d’activation-récupération selon le ryth-
me cardiaque mesuré.

7. Dispositif selon la revendication 1 comportant en
outre des circuits pour calculer un paramètre moyen
de surcharge de paroi du myocarde sur la base d’in-
tervalles d’activation-récupération mesurés en une
pluralité d’emplacements du myocarde.

8. Dispositif selon la revendication 7 comprenant en
outre des circuits pour délivrer des impulsions de
stimulation avec une configuration de sortie d’impul-
sions et dans une séquence de sortie d’impulsions
sélectionnée pour pré-exciter des emplacements
particuliers du myocarde et réduire la surcharge
moyenne de la paroi du myocarde.

9. Dispositif selon la revendication 1 comportant en
outre des circuits pour mesurer les intervalles d’ac-
tivation-récupération et identifier les emplacements
du myocarde en surcharge à des intervalles pério-
diques de temps.

10. Dispositif selon la revendication 1 dans lequel les
canaux de détection et d’impulsion sont configurés
pour détecter et stimuler les emplacements ventri-
culaires, qui comprend en outre :

des circuits pour délivrer des impulsions de dé-
tection à un ou plusieurs emplacements ventri-
culaires selon un mode de détection
programmé ; et
des circuits pour commuter une configuration de
sortie d’impulsion et une séquence de sortie
d’impulsions définissant le mode de détection
afin de pré-exciter les emplacements ventricu-
laires en surcharge identifiés.
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