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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to med-
ical devices and methods of use for the treatment and/or
management of cardiovascular, neurological, and renal
disorders, and more specifically to devices and methods
for controlling the baroreflex system of a patient for the
treatment and/or management of cardiovascular, neuro-
logical, and renal disorders and their underlying causes
and conditions, more particularly to baroreflex systems
and methods that allow a physician to program the device
for providing a predetermined response to changes in
the patient’s condition.
[0002] Hypertension, or high blood pressure, is a major
cardiovascular disorder that is estimated to affect 65 mil-
lion people in the United States alone, and is a leading
cause of heart failure and stroke. It is listed as a primary
or contributing cause of death in over 200,000 patients
per year in the United States alone. Hypertension occurs
in part when the body’s smaller blood vessels (arterioles)
constrict, causing an increase in blood pressure. Be-
cause the blood vessels constrict, the heart must work
harder to maintain blood flow at the higher pressures.
Sustained hypertension may eventually result in damage
to multiple body organs, including the kidneys, brain,
eyes, and other tissues, causing a variety of maladies
associated therewith. The elevated blood pressure may
also damage the lining of the blood vessels, accelerating
the process of atherosclerosis and increasing the likeli-
hood that a blood clot may develop. This could lead to a
heart attack and/or stroke.
[0003] Sustained high blood pressure may eventually
result in an enlarged and damaged heart (hypertrophy),
which may lead to heart failure. Heart failure is the final
common expression of a variety of cardiovascular disor-
ders, including ischemic heart disease. It is characterized
by an inability of the heart to pump enough blood to meet
the body’s needs and results in fatigue, reduced exercise
capacity and poor survival. Congestive heart failure
(CHF) is an imbalance in pump function in which the heart
fails to maintain the circulation of blood adequately. The
most severe manifestation of CHF, pulmonary edema,
develops when this imbalance causes an increase in lung
fluid due to leakage from pulmonary capillaries into the
lung. The most common cause of heart failure is coronary
artery disease, which is secondary to loss of left ventricu-
lar muscle, ongoing ischemia, or decreased diastolic ven-
tricular compliance. Other causes of CHF include hyper-
tension, valvular heart disease, congenital heart disease,
other cardiomyopathies, myocarditis, and infectious en-
docarditis.
[0004] One preferred heart failure treatment method is
to use cardiac rhythm management devices ("cardiac
rhythm management device") such as cardiac resynchro-
nization therapies ("CRT") using pacemakers and com-
bination pace makers/defibrillators ("ICD"). Another CHF

treatment method that has been proposed is to affect the
baroreflex system to help the heart perform more effi-
ciently by way of controlling the patient’s blood pressure.
Baroreflex activation may generally decrease neurohor-
monal activation, thus decreasing cardiac afterload,
heart rate, sympathetic drive to the heart and the like. By
decreasing the demands placed on the heart, baroreflex
activation may help prevent or treat CHF.
[0005] A number of different treatment modalities may
be attempted for treating heart failure, such as medica-
tions, mechanical restriction of the heart, surgical proce-
dures to reduce the size of an expanded heart and the
like. These include vasodilators to reduce the blood pres-
sure and ease the workload of the heart, diuretics to re-
duce fluid overload, inhibitors and blocking agents of the
body’s neurohormonal responses, and other medica-
ments. Various surgical procedures have also been pro-
posed for these maladies. For example, heart transplan-
tation has been proposed for patients who suffer from
severe, refractory heart failure. Alternatively, an implant-
able medical device such as a ventricular assist device
(VAD) may be implanted in the chest to increase the
pumping action of the heart. Alternatively, an intra-aortic
balloon pump (IABP) may be used for maintaining heart
function for short periods of time, but typically no longer
than one month.
[0006] Of course, no "perfect" treatment method for
heart failure has yet been developed. Although some of
the therapies mentioned above may be highly effective
in some cases, some may have unwanted side effects
or provide little benefit to some patients. Because CHF
is such a pervasive health problem, with high morbidity,
mortality and costs to society, improved treatment meth-
ods are continually sought. Additionally, with the use of
any of such devices, the physiological conditions of a
patient may change rapidly in response to internal and/or
external conditions such that course of therapy may need
to readjust to provide optimum performance to the pa-
tient.
[0007] Therefore, it would be desirable to provide im-
proved methods and apparatus having smart processes
for controlling their operation. Ideally, such methods and
apparatus would be minimally invasive, with few if any
significant side effects. Ideally, one or more underlying
mechanisms causing heart failure could be treated in
some cases. At least some of these objectives will be
met by the present invention.
US 2007/049989 relates to stimulus regimens for cardi-
ovascular reflex control.

BRIEF SUMMARY OF THE INVENTION

[0008] To address the problems of hypertension, heart
failure, other cardiovascular disorders, nervous system
and renal disorders, the present invention provides sys-
tems by which at least one baroreflex system within a
patient’s body can be activated to achieve effects that
include reducing excessive blood pressure, autonomic
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nervous system activity, and neurohormonal activation.
Such activation systems suggest to the brain an increase
in blood pressure, and the brain in turn regulates (e.g.,
decreases) the level of sympathetic nervous system and
neurohormonal activation, and increases parasympa-
thetic nervous system activation, thus reducing blood
pressure and having a beneficial effect on the cardiovas-
cular system and other body systems.
[0009] The systems according to the present invention
may be used to activate baroreceptors, mechanorecep-
tors, pressoreceptors, or any other venous heart, or car-
diopulmonary receptors which affect the blood pressure,
nervous system activity, and neurohormonal activity in a
manner analogous to baroreceptors in the arterial vas-
culation. For convenience, all such venous receptors
(and/or nerves carrying signals from such receptors) will
be referred to collectively herein as "baroreceptors."
[0010] The present invention provides systems as per
claim 1. The systems embodying features of the present
invention, allow four activating (stimulating) the barore-
flex system of a patient using a baroreflex activation de-
vice which senses/monitors/interprets the sensed data
associated with a parameter indicative of a physiological
condition of a patient and which adjusts the course of
therapy according to magnitude of change and/or rate of
change of the parameter. By way of example, the system
may increase or decrease the intensity of the therapy
depending on whether the magnitude of a given param-
eter has changed over a course of time, and if so, whether
such change was an increase or decrease.
[0011] It should be further understood by those skilled
in the art that the methods, devices, and systems accord-
ing to the present disclosure (but not necessarily within
the scope of the claimed invention) are further applicable
to modifying any one or more of the nervous system ac-
tivity of the patient, autonomic nervous system activity of
the patient, sympathetic/parasympathetic nervous sys-
tem activity of the patient, or metabolic activity of the pa-
tient.
[0012] In some embodiments, the present disclosure
provides for the activation of the baroreflex system of a
patient with a baroreflex activation device. A therapy for
a patient is normally determined and chosen by the
healthcare provider. One or more parameters which are
indicative of one or more physiological conditions of the
patient are chosen and a target value for such parameter
is selected. By way of example, and not limitation, the
parameter may be the CO2 level in the blood of the patient
which is indicative of the blood pressure. Other examples
of such parameters include, but are not limited to: heart
rate, blood pressure, ECG, oxygen saturation, blood pH,
activity level (e.g., exercising, rest), prone posture, su-
pine posture, core body temperature, respiration rate,
and respiration depth. In some embodiments, an initial
target range (as used herein, a target range may be a
baseline or a range from a baseline or lower limit to an
upper limit, unless otherwise stated) number to another
for the one or more parameters are set and their values

are sensed by one or more sensors. The parameter may
be sensed such that the system becomes aware of the
value or condition of the parameter. In some embodi-
ments, the parameter is sensed/monitored during a time
period determined by the healthcare provider. The meth-
ods, embodying features of the present disclosure, mod-
ify/adjust the baroreflex activation therapy in response
to a class that a present change in the value and/or a
rate of change of the monitored parameter is a member
of. As used herein, the terms sensed/sensing and mon-
itor/monitoring may be used interchangeably unless oth-
erwise stated.
[0013] In some embodiments, the baroreflex activation
therapy comprises one or more therapy regimens, with
the regimens delivering the baroreflex activation therapy
at different doses/intensities such that the baroreflex sys-
tem is activated (stimulated) to varying degrees. In some
embodiments, changing the dose/intensity of a regimen
includes changing one or more characteristics of pulses
generated by a pulse generator for activating the barore-
flex activation device. Such characteristics include one
or more of duty cycle, pulse amplitude, pulse width, pulse
frequency, pulse separation, pulse waveform, pulse po-
larity, pulse shape, and pulse phase. In some embodi-
ments, the baroreflex activation therapy is delivered in
incremental doses, either in an increasing manner or de-
creasing manner in order to effectively "ramp up" or "ramp
down" therapy. Providing therapy in incremental dosages
allows for monitoring of patient response to the therapy
and customizing the therapy for each patient. In some
embodiments, baroreflex activation therapy regimens
are delivered at different doses/intensities such that the
baroreflex system of the patient does not over-respond
to a change in therapy, for example by causing a blood
pressure surge in the patient when the therapy is paused
or deactivated.
[0014] In some embodiments, the one or more param-
eters are sensed by one or more sensors. The parameter
may be sensed such that the system becomes aware of
the value or condition of the parameter. In some embod-
iments, the parameter is sensed/monitored during a time
period determined by the healthcare provider. The meth-
ods, embodying features of the present disclosure, mod-
ify/adjust the baroreflex activation therapy in response
to classes of changes (as used herein, unless otherwise
stated classes are not limited to a specific number and
may range depending on the particular usage or appli-
cation or therapy) in the monitored parameter. In some
embodiments, the therapy is delivered at an initial
dose/intensity. Upon sensing a change in the parameter,
the method compares a change in the value of the sensed
parameter one or more predetermined classes. In some
useful embodiments, a predetermined intensity step-size
is associated with each of the one or more predetermined
classes.
[0015] In some embodiments, the value of the
sensed/monitored parameters is compared to the target
value of that parameter and based on the results of the
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comparison, it is determined whether the value (magni-
tude) of the parameter has changed and if so, whether
it has increased or decreased. The intensity of the barore-
flex activation therapy will vary during the course of ther-
apy depending on the class that this change in the pa-
rameter’s magnitude is a member of.
[0016] In some embodiments, the change in magni-
tude is relatively large and the corresponding change in
the baroreflex activation therapy intensity is relatively
large. In some embodiments, the change in magnitude
is relatively small and the corresponding change in the
baroreflex activation therapy intensity is relatively small.
[0017] In some embodiments, methods embodying
features of the present disclosure include activating a
baroreflex system of the patient with a baroreflex activa-
tion device according to a baroreflex activation therapy
and establishing an initial target range for a parameter
indicative of the physiological condition. The physiolog-
ical parameter is monitored and the intensity of the
baroreflex activation therapy as modified in response to
a class of change that a present change in the value of
the monitored parameter is a member of. For example,
if an increase in the magnitude of the monitored physio-
logical parameter is determined to be a member of a class
of large changes, then the baroreflex activation therapy
intensity may be increased by a predetermined large
step-sized associated with large changes in the moni-
tored physiologic parameter.
[0018] If the increase in the magnitude of the monitored
physiological parameter is determined to be a member
of a class of small changes, however, the baroreflex ac-
tivation therapy intensity may be increased by a prede-
termined small step-sized associated with small changes
in the monitored physiologic parameter. By way of a sec-
ond example, if a decrease in the magnitude of the mon-
itored physiological parameter is determined to be a
member of a class of large changes, then the baroreflex
activation therapy intensity may be decreased by a pre-
determined large step-sized associated with large
changes in the monitored physiologic parameter. If the
decrease in the magnitude of the monitored physiological
parameter is determined to be a member of a class of
small changes, however, the baroreflex activation ther-
apy intensity may be decreased by a predetermined
small step-sized associated with small changes in the
monitored physiologic parameter.
[0019] In some embodiments the physiological param-
eter is monitored over time and changes in its magnitude
are identified. In some embodiments, the various chang-
es for the physiological parameter are classified into a
prescribed classification system. The changes may be
classified ; by way of example, as large changes or small
changes. In some embodiments, a pre-determined se-
ries of step-sizes for either increasing or decreasing in-
tensity is established. In some useful embodiments, each
of these intensity step-sizes are associated with a par-
ticular class of physiological parameter change. The size
of these intensity step-sizes may be determined through

experimentation and/or the healthcare provider/patient
and/or the baroreflex activation therapy system learning
through historical data in its memory/processor and new
information becoming available to it. In some embodi-
ments, as a change in the parameter is detected, based
on its classification, a particular baroreflex activation ther-
apy intensity step-size is applied.
[0020] In some embodiments, methods embodying
features of the present disclosure include establishing a
prescribed baroreflex activation therapy intensity step
size associated with a patient parameter having a first
rate of change. The method further includes establishing
a prescribed baroreflex activation therapy intensity step
size associated with the patient parameter having a sec-
ond change rate. An initial baroreflex activation therapy
intensity is established and an initial target range is es-
tablished for the patient parameter. Baroreflex activation
therapy is delivered to the patient while the patient pa-
rameter is monitored.
[0021] In some embodiments, it is then determined
whether the value of the parameter is changing and if so
in what direction. If the there is no change, the baroreflex
activation therapy continues as before and the parameter
continues to be monitored. If the magnitude of the pa-
rameter is increasing, it is then determined what class
the rate is considered to be. For example, the rate of
change may be a member of a class of large rates or a
member of a class of small rates. If the rate of change is
large rate of change, the baroreflex activation therapy
intensity is increased by a step-size prescribed for this
category. If the rate of change is a small rate of change,
the baroreflex activation therapy intensity is increased
by a step-size prescribed for this category (e.g., a rela-
tively small step-size). In some embodiments, once the
baroreflex activation therapy intensity has been readjust-
ed the baroreflex activation therapy continues with the
patient parameter being monitored.
[0022] In an embodiment, a system for treating a pa-
tient, embodying features of the present disclosure in-
cludes a baroreflex activation device for activating a
baroreflex of a patient according to a baroreflex activation
therapy. In some embodiments, the baroreflex activation
therapy includes a plurality of dose/intensity regimens.
By way of example, the system further includes a therapy
circuitry for generating the therapy as well as a controller
which is connectable to the therapy circuitry, and which
is configured for providing the signal and the correspond-
ing instructions for generating the activation pulses. The
device also includes a memory system in communication
with the controller and which is configured for storing in-
formation regarding the baroreflex activation therapy.
[0023] In some embodiments, the therapy circuitry in-
cludes a pulse generator which is configured for gener-
ating stimulation pulses, having different dose/intensity
levels to activate the baroreflex system of the patient to
various degrees. In some embodiments, the therapy in-
cludes a plurality of regimens wherein at least one of
which is different than another regimen.
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[0024] The systems, embodying features of the
present disclosure, may further include at least one elec-
trode assembly which is locatable proximate one or more
baroreceptors of the patient. The system, in some em-
bodiments, includes at least one monitoring system
which is connectable to the controller and is configured
for monitoring of a patient’s parameter. The system, in
some embodiments, further includes at least one sensing
system which is connectable to the controller and is con-
figured for sensing of the parameter. The controller is
configured to adjust/modify the therapy based on infor-
mation received from the sensed data. The therapy is
then delivered to the patient by way of the one or more
electrode assemblies.
[0025] In an embodiment, the system further includes
a switching circuitry which is connectable to the monitor-
ing circuitry and the therapy circuitry for routing the nec-
essary information to and from various components and
other circuitries, and thereafter delivering the therapy to
the patient by way of the at least one electrode assembly.
[0026] Generally, any of a number of suitable anatom-
ical structures may be activated to provide baroreflex ac-
tivation. For example, in various embodiments, activating
the baroreflex system may involve activating one or more
baroreceptors, one or more nerves coupled with a
baroreceptor, a carotid sinus nerve, or some combination
thereof. In embodiments where one or more barorecep-
tors are activated, the baroreceptor(s) may sometimes
be located in arterial vasculature, such as but not limited
to a carotid sinus, aortic arch, heart, common carotid ar-
tery, subclavian artery, pulmonary artery, femoral artery
and/or brachiocephalic artery. Alternatively, a baroreflex
activation device may be positioned in the low-pressure
side of the heart or vasculature, as described in U.S.
Patent Application No. 10/284063, in locations such as
an inferior vena cava, superior vena cava, portal vein,
jugular vein, subclavian vein, iliac vein, azygous vein,
pulmonary vein and/or femoral vein. The baroreflex ac-
tivation may be achieved, in various embodiments, by
electrical activation, mechanical activation, thermal acti-
vation and/or chemical activation. Furthermore, barore-
flex activation may be continuous, pulsed, periodic or
some combination thereof in various embodiments.
[0027] The baroreflex activation device may comprise
any of a wide variety of devices that utilize mechanical,
electrical, thermal, chemical, biological or other means
to activate the baroreflex, although in describing the
present invention electrical, activation will be used. The
baroreflex may be activated directly or indirectly via ad-
jacent vascular tissue. In some embodiments, systems
embodying features of the present invention, the barore-
flex activation device is implantable within the patient,
such as within the patient’s venous or arterial vascula-
ture. For example, the device may be implantable within
venous or arterial vasculature. In various embodiments,
the baroreflex activation device may be positioned inside
a vascular lumen (i.e., intravascularly), outside a vascular
wall (i.e., extravascularly) or within a vascular wall (i.e.,

intramurally). To maximize therapeutic efficacy, a map-
ping method may be employed to precisely locate or po-
sition the baroreflex activation device. For embodiments
utilizing electrical means to activate the baroreflex, var-
ious electrode designs are provided. The electrode de-
signs may be particularly suitable for connection to the
carotid arteries at or near the carotid sinus, and may be
designed to minimize extraneous tissue stimulation.
[0028] In some embodiments, sensing of the parame-
ter is achieved by way of one or more suitable physio-
logical sensors. The sensors may be external or internally
locatable within the patient’s body. In some embodi-
ments, the sensor comprising one or more of extracar-
diac electrocardiogram, intracardiac electrocardiogram,
pressure sensor, and accelerometer. Furthermore, the
sensor may be adapted to sense any suitable character-
istics, condition, change or the like. Furthermore, the sen-
sor may be adapted to sense any of a number of different
patient parameters, such as but not limited to an intrac-
ardiac pressure, a heart rate and a timing of contractions
of atria and ventricles of the heart.
[0029] In some embodiments, the sensor is configured
to sense one or more parameters of the battery of the
baroreflex activation device. The sensor may determine
that the battery power source is approaching a time for
replacement. For example, a device may be programmed
to sense when the battery has sufficient charge to operate
the device effectively (as it is currently programmed) for
another 60 days.
[0030] In some embodiments, a system for treating the
patient includes at least one baroreflex activation device,
at least one sensor coupled with the baroreflex activation
device, and a processor coupled with the at least one
baroreflex activation device and the at least one sensor
for processing sensed data received from the sensor and
for activating and/or modifying activation of baroreflex
activation device and/or providing the appropriate
baroreflex activation therapy.
[0031] In various embodiments, a control system may
be used to generate a control signal which activates, de-
activates or otherwise modulates the baroreflex activa-
tion device. The control system may operate in an open-
loop or a closed-loop mode. For example, in the open-
loop mode, the patient and/or physician may directly or
remotely interface with the control system to prescribe
the control signal. In the closed-loop mode, the control
signal may be responsive to feedback from a sensor,
wherein the response is dictated by a preset or program-
mable algorithm defining a stimulus/activation therapy
and the plurality of regimen. The stimulus (activation)
therapy is preferably selected to promote long term effi-
cacy and to minimize power requirements. It is theorized
that uninterrupted baroreflex activation may result in the
baroreflex and/or central nervous system becoming less
responsive over time, thereby diminishing the effective-
ness of the therapy. Therefore, the stimulus therapy may
be selected to modulate the baroreflex activation device
in such a way that the baroreflex maintains its respon-
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siveness over time. Specific examples of stimulus regi-
mens which promote long term efficacy are described in
the applications earlier.
[0032] In one embodiment, the control system may be
used to generate a control signal which adjusts baroreflex
activation therapy based on sensed information. In one
embodiment, baroreflex activation therapy is adjusted
based on sensed information, such as battery depletion
or another parameter indicative of the need to reduce
therapy and such adjustment in therapy is performed in
order to effectively "wean" a patient off of the therapy so
as to prevent transient overshoot of blood pressure when
therapy is paused, turned off or deactivated. The therapy
adjustment is performed specific to the patient and can
be based on a determination of how the patient will re-
sponse to pausing, turning off or deactivating the therapy.
[0033] As suggested above, various embodiments of
the devices may be entirely intravascular, entirely ex-
travascular, or partially intravascular and partially ex-
travascular. Furthermore, devices may reside wholly in
or on arterial vasculature, wholly in or on venous vascu-
lature, or in or on some combination of both. In some
embodiments, for example, implantable devices may be
positioned within an artery or vein, while in other embod-
iments devices may be placed extravascularly, on the
outside of an artery or vein. In yet other embodiments,
one or more components of a device, such as electrodes,
a controller or both, may be positioned outside the pa-
tient’s body. In introducing and placing devices of the
present disclosure, any suitable technique and access
route may be employed. For example, in some embodi-
ments an open surgical procedure may be used to place
an implantable device. Alternatively, an implantable de-
vice may be placed within an artery or vein via a trans-
vascular, intravenous approach. In still other embodi-
ments, an implantable device may be introduced into vas-
culature via minimally invasive means, advanced to a
treatment position through the vasculature, and then ad-
vanced outside the vasculature for placement on the out-
side of an artery or vein. For example, an implantable
device may be introduced into and advanced through the
venous vasculature, made to exit the wall of a vein, and
placed at an extravascular site on an artery.
[0034] These and other aspects and embodiments of
the present disclosure are described in further detail be-
low, with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

Fig. 1 is a schematic illustration of the upper torso
of a human body showing the major arteries and
veins and associated anatomy.

Fig. 2A is a cross sectional schematic illustration of
a carotid sinus and baroreceptors within a vascular
wall.

Fig. 2B is a schematic illustration of baroreceptors
within a vascular wall and the baroreflex system.

Fig. 3 is a flow diagram of a process.

Fig. 4 is a flow diagram of process.

Fig. 5 is a flow diagram of a process.

Fig. 6 a block diagram of a baroreflex activation ther-
apy system.

Fig. 7 is a flow diagram of a baroreflex activation
therapy system.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Referring now to Figures 1, 2A and 2B, within
the arterial walls of the aortic arch 12, common carotid
arteries 14/15 (near the right carotid sinus 20 and left
carotid sinus), subclavian arteries 13/16 and brachio-
cephalic artery 22 there are baroreceptors 30. For exam-
ple, as best seen in Figure 2A, baroreceptors 30 reside
within the vascular walls of the carotid sinus 20. Barore-
ceptors 30 are a type of stretch receptor used by the body
to sense blood pressure. An increase in blood pressure
causes the arterial wall to stretch, and a decrease in blood
pressure causes the arterial wall to return to its original
size. Such a cycle is repeated with each beat of the heart.
Baroreceptors 30 located in the right carotid sinus 20,
the left carotid sinus and the aortic arch 12 play the most
significant role in sensing blood pressure that affects
baroreflex system 50, which is described in more detail
with reference to Figure 2B.
[0037] With reference now to Figure 2B, a schematic
illustration shows baroreceptors 30 disposed in a generic
vascular wall 40 and a schematic flow chart of baroreflex
system 50. Baroreceptors 30 are profusely distributed
within the arterial walls 40 of the major arteries discussed
previously, and generally form an arbor 32. The barore-
ceptor arbor 32 comprises a plurality of baroreceptors
30, each of which transmits baroreceptor signals to the
brain 52 via nerve 38. Baroreceptors 30 are so profusely
distributed and arborized within the vascular wall 40 that
discrete baroreceptor arbors 32 are not readily discern-
able. To this end, baroreceptors 30 shown in Figure 2B
are primarily schematic for purposes of illustration.
[0038] In addition to baroreceptors, other nervous sys-
tem tissues are capable of inducing baroreflex activation.
For example, baroreflex activation may be achieved in
various embodiments by activating one or more barore-
ceptors, one or more nerves coupled with one or more
baroreceptors, a carotid sinus nerve or some combina-
tion thereof. Therefore, the phrase "baroreflex activation"
generally refers to activation of the baroreflex system by
any means, and is not limited to directly activating barore-
ceptor(s). Although the following description often focus-
es on baroreflex activation/stimulation and induction of
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baroreceptor signals, various embodiments of the
present invention may alternatively achieve baroreflex
activation by activating any other suitable tissue or struc-
ture.
[0039] Baroreflex signals are used to activate a
number of body systems which collectively may be re-
ferred to as baroreflex system 50. Baroreceptors 30 are
connected to the brain 52 via the nervous system 51,
which then activates a number of body systems, including
the heart 11, kidneys 53, vessels 54, and other organs/tis-
sues via neurohormonal activity. Although such activa-
tion of baroreflex system 50 has been the subject of other
patent applications by the inventors of the present inven-
tion, the focus of the present invention is a baroreflex
system and methods using the same which allow for au-
tomatic shut off in certain conditions to prevent or mini-
mized adverse effects the effect of baroreflex activation
on the brain 52.
[0040] Now referring to Figure 3, a flow diagram illus-
trates a method. As shown, a baroreflex activation ther-
apy program having definitions and understanding of
ranges of changes for a parameter responsive to a phys-
iological condition in the patient is established. The pa-
rameter responsive to the physiological condition is mon-
itored during therapy (box 1) and its value is checked for
any change, and if a change is detected, it then deter-
mines whether the change was an increase or a de-
crease, from the starting point (or a target value) (box 2).
If it is determined that there has been no change (line 3),
the therapy continues and is monitored (box 1) as before
and the parameter continues to be monitored and
checked for any changes (box 2).
[0041] If it is determined that there has been an in-
creasing change (box 2) then the method provides for
identifying the nature of the increase, for example, wheth-
er it is a large or small increase (box 4). If the increase
is large, the method makes a large incremental increase
to the baroreflex activation therapy intensity (box 6). If
the increase is small, the method makes a small incre-
mental increase to the baroreflex activation therapy in-
tensity (box 7).
[0042] If it is determined that there has been an de-
creasing change (box 2) then the method provides for
identifying the nature of the decrease, for example,
whether it is a large or small decrease (box 5). If the
decrease is large, the method makes a large incremental
decrease to the baroreflex activation therapy intensity
(box 8). If the decrease is small, the method makes a
small incremental decrease to the baroreflex activation
therapy intensity (box 9).
[0043] Now referring to Figure 4, a flow diagram illus-
trates a method. As shown, in boxes 1 and 2, a prescribed
baroreflex activation therapy is established by the phy-
sician (box 1) with a baroreflex activation therapy inten-
sity step size associated with faster changes in patient
parameter and intensity step size associated with slower
changes in patient parameter (box 2). The parameter rep-
resentative of a physiological condition is monitored (box

3) and the rate of any change in the monitored parameter
is calculated (box 4). The rate of change for the parameter
is classified (box 5). Thereafter, a prescribed baroreflex
activation therapy intensity step size based on the clas-
sification made at the earlier step (box 5) is selected (box
6).
[0044] Now referring to Figure 5, a flow diagram illus-
trates a method. As shown a prescribed baroreflex acti-
vation therapy intensity step sizes associated with large
and small patient parameter changes are established
and programmed into the system (box 1 and 2). The initial
baroreflex activation therapy intensity is established (box
3) as well as a target value for a patient parameter (box
4). Baroreflex activation therapy is delivered to the patient
(box 5), while the parameter is being monitored (box 6).
It is determined whether there has been a change in the
magnitude of the parameter and if so, whether such
change is an increase or decrease (box 7). If there has
been no change (line 8), the baroreflex activation therapy
continues (box 5) as before with the parameter being
monitored for any changes in its magnitude (box 6).
[0045] If it is determined that there has been a decreas-
ing change (box 7) then the method provides for identi-
fying what the rate of change has been (box 9) (e.g., large
or small). If the rate of change is determined to have been
large, baroreflex activation therapy intensity is decreased
by step prescribed for large rates of change (box 12). If
the rate of change is determined to have been small,
baroreflex activation therapy intensity is decreased by
step prescribed for small rates of change (box 11). There-
after, the baroreflex activation therapy continues (line 15)
under the new regimen (box 5) and the parameter con-
tinues to be measured (box 6).
[0046] If it is determined that there has been an in-
creasing change (box 7) then the method provides for
identifying the what the rate of change has been (box 10)
(e.g., large or small). If the rate of change is determined
to have been large, baroreflex activation therapy intensity
is increased by step prescribed for large rates of change
(box 14). If the rate of change is determined to have been
small, baroreflex activation therapy intensity is increased
by step prescribed for small rates of change (box 13).
Thereafter, the baroreflex activation therapy continues
(line 15) under the new regimen (box 5) and the param-
eter continues to be measured (box 6).
[0047] With reference to Figure 6, in one embodiment
a system 200 for activation/stimulation of the baroreflex
system of a patient is shown. The system 200 includes
a pressure sensor 203 connected to a pressure monitor-
ing circuitry 206 which in turn is connected to a controller
210. A therapy circuitry 213 is also connected to the con-
troller 210. A memory 216 is connected to the controller
and which provides the instruction and therapy algorithm
to the controller 210. Electrode assemblies, 220 and 230
are connected at one end to the controller and at another
end to the patient to provide baroreflex stimulation to the
patient’s baroreflex system.
[0048] Now referring to Figure 7, the general features
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of a baroreflex activation system is shown. The system
may be modified to include any one or more features of
the present invention. The system 120 includes a proc-
essor 63, a baroreflex activation device 70, and a sensor
80. For clarity, the sensor 80 is shown as one unit located
outside the patient, such as would be the case if the sen-
sor 80 comprised an external electrocardiogram (ECG)
device. In alternative embodiments, however, the sensor
80 (or multiple sensors) may be located on or in the heart
11 or in any other suitable location within the patient.
Optionally, processor 63 may be part of a control system
60, which may include a control block 61 (housing proc-
essor 63 and memory 62), a display 65 and/or and input
device 64. Processor 63 is coupled with sensor 80 by an
electric sensor cable or lead 82 and to baroreflex activa-
tion device 70 by an electric control cable 72. (In alter-
native embodiments, lead 82 may be any suitable corded
or remote connection means, such as a remote signaling
device.) Thus, processor 63 receives a sensor signal
from sensor 80 by way of sensor lead 82 and transmits
a control signal to baroreflex activation device 70 by way
of control cable 72. In an alternative embodiment, the
processor 63 may be combined in one unitary device with
the baroreflex activation device 70.
[0049] As discussed above, in one embodiment, gen-
erally, the heart 11 may be coupled with the sensor 80
by way of one or more leads 124, such as with an ECG
device. In other embodiments, the sensor(s) 80 may be
attached directly to a wall of the heart 11 or to any other
suitable anatomical structure.
[0050] As mentioned above, the sensor 80 generally
senses and/or monitors one or more parameters, such
as but not limited to change in heart rate, change in car-
diac pressure(s), change in contraction timing of one or
both atria and ventricles of the heart, change in electro-
cardiogram shape (such as T-wave shape), change in
blood pressure and/or the like. The parameter sensed
by sensor 80 is then transmitted to processor 63, which
may generate a control signal as a function of the re-
ceived sensor signal. A control signal will typically be
generated, for example, when a sensor signal is deter-
mined to be indicative of physiological condition of the
patient. If decreased cardiac efficiency, for example, is
determined to be an advance indicator of the onset of
heart failure, data that is sensed and processed and de-
termined to be indicative of decreased efficiency will
cause processor 63 to generate a control signal. The
control signal activates, deactivates, modifies the inten-
sity or timing of, or otherwise modulates baroreflex acti-
vation device 70. In some embodiments, for example,
baroreflex activation device 70 may activate an ongoing
baroreflex at a constant rate until it receives a control
signal, which may cause the device 70 to either increase
or decrease intensity of its baroreflex activation. In an-
other embodiment, baroreflex activation device 70 may
remain in a turned-off mode until activated by a control
signal from processor 63. In another embodiment, when
sensor 80 detects a parameter indicative of normal body

function (e.g., steady heart rate and/or steady intracar-
diac pressures), processor 63 generates a control signal
to modulate (e.g., deactivate) baroreflex activation de-
vice 70. Any suitable combination is contemplated in var-
ious embodiments.
[0051] Again, sensor 80 may comprise any suitable
device that measures or monitors a parameter indicative
of the need to modify baroreflex activation and. For ex-
ample, sensor 80 may comprise a physiologic transducer
or gauge that measures cardiac activity, such as an ECG,
or any other physiologic activity described above. Alter-
natively, sensor 80 may measure cardiac activity by any
other technique, such as by measuring changes in int-
racardiac pressures or the like. Examples of suitable
transducers or gauges for sensor 80 include ECG elec-
trodes and the like. Although only one sensor 80 is
shown, multiple sensors 80 of the same or different type
at the same or different locations may be utilized. Sensor
80 is preferably positioned on or near the patient’s heart,
one or near major vascular structures such as the tho-
racic aorta, or in another suitable location to measure
cardiac activity, such as increased heart rate or pressure
changes. Sensor 80 may be disposed either inside or
outside the body in various embodiments, depending on
the type of transducer or gauge utilized. Sensor 80 may
be separate from baroreflex activation device 70, as
shown schematically in Figure 6, or may alternatively be
combined therewith in one device.
[0052] The baroreflex activation component of the
baroreflex activation device 70 may comprise a wide va-
riety of devices which utilize mechanical, electrical, ther-
mal, chemical, biological, or other means to activate
baroreceptors 30 and/or other tissues In many embodi-
ments, particularly the mechanical activation embodi-
ments, the baroreflex activation device 70 indirectly ac-
tivates one or more baroreceptors 30 by stretching or
otherwise deforming the vascular wall 40 surrounding
baroreceptors 30. In some other instances, particularly
the non-mechanical activation embodiments, baroreflex
activation device, device 70 may directly activate one or
more baroreceptors 30 by changing the electrical, ther-
mal or chemical environment or potential across barore-
ceptors 30. It is also possible that changing the electrical,
thermal or chemical potential across the tissue surround-
ing baroreceptors 30 may cause the surrounding tissue
to stretch or otherwise deform, thus mechanically acti-
vating baroreceptors 30. In other instances, particularly
the biological activation embodiments, a change in the
function or sensitivity of baroreceptors 30 may be in-
duced by changing the biological activity in baroreceptors
30 and altering their intracellular makeup and function.
[0053] Many embodiments of the baroreflex activation
device 70 is suitable for implantation, and is preferably
implanted using a minimally invasive percutaneous
translumenal approach and/or a minimally invasive sur-
gical approach, depending on whether the device 70 is
disposed intravascularly, extravascularly or within the
vascular wall 40. The baroreflex activation device 70 may
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be positioned anywhere baroreceptors 30 affecting
baroreflex system 50 are numerous, such as in the heart
11, in the aortic arch 12, in the common carotid arteries
18/19 near the carotid sinus 20, in the subclavian arteries
13/16, or in the brachiocephalic artery 22. The baroreflex
activation device 70 may be implanted such that the de-
vice 70 is positioned immediately adjacent baroreceptors
30. Alternatively, the device 70 may be positioned in the
low-pressure side of the heart or vasculature, near a
baroreceptor, as described in U.S. Patent Application No.
10/284063.
[0054] In fact, the baroreflex/CRT device 70 may even
be positioned outside the body such that the device 70
is positioned a short distance from but proximate to
baroreceptors 30. In one embodiment, the baroreflex ac-
tivation device 70 is implanted near the right carotid sinus
20 and/or the left carotid sinus (near the bifurcation of
the common carotid artery) and/or the aortic arch 12,
where baroreceptors 30 have a significant impact on
baroreflex system 50. For purposes of illustration only,
the present invention is described with reference to the
baroreflex activation device 70 positioned near the ca-
rotid sinus 20,
[0055] Memory 62 may contain data related to the sen-
sor signal, the control signal, and/or values and com-
mands provided by input device 64. Memory 62 may also
include software containing one or more algorithms de-
fining one or more functions or relationships between the
control signal and the sensor signal. The algorithm may
dictate activation or deactivation control signals depend-
ing on the sensor signal or a mathematical derivative
thereof. The algorithm may dictate an activation or de-
activation control signal when the sensor signal falls be-
low a lower predetermined threshold value, rises above
an upper predetermined threshold value or when the sen-
sor signal indicates the occurrence of a specific physio-
logical event.
[0056] As mentioned previously, the baroreflex activa-
tion device 70 may activate baroreceptors 30 mechani-
cally, electrically, thermally, chemically, biologically or
otherwise. However, it is generally contemplated that the
control signal that energizes baroreflex activation device
70 will be an electrical signal. In some instances, control
system 60 includes a driver 66 to provide the desired
power mode for the baroreflex activation device 70. For
example if the baroreflex activation device 70 utilizes
pneumatic or hydraulic actuation, driver 66 may comprise
a pressure/vacuum source and the cable 72 may com-
prise fluid line(s). If the baroreflex activation device 70
utilizes electrical or thermal actuation, driver 66 may com-
prise a power amplifier or the like and the cable 72 may
comprise electrical lead(s). If baroreflex activation device
70 utilizes chemical or biological actuation, driver 66 may
comprise a fluid reservoir and a pressure/vacuum
source, and cable 72 may comprise fluid line(s). In other
instances, driver 66 may not be necessary, particularly
if processor 63 generates a sufficiently strong electrical
signal for low level electrical or thermal actuation of

baroreflex activation device 70.
[0057] Control system 60 may operate as a closed loop
utilizing feedback from sensor 80, or as an open loop
utilizing commands received by input device 64. The
open loop operation of control system 60 preferably uti-
lizes some feedback from sensor 80, but may also oper-
ate without feedback. Commands received by the input
device 64 may directly influence the control signal or may
alter the software and related algorithms contained in
memory 62. The patient and/or treating physician may
provide commands to input device 64. Display 65 may
be used to view the sensor signal, control signal and/or
the software/data contained in memory 62.
[0058] The control signal generated by control system
60 may be continuous, periodic, episodic or a combina-
tion thereof, as dictated by an algorithm contained in
memory 62. The algorithm contained in memory 62 de-
fines a stimulus regimen which dictates the characteris-
tics of the control signal as a function of time, and thus
dictates baroreflex activation as a function of time. Con-
tinuous control signals include a pulse, a train of pulses,
a triggered pulse and a triggered train of pulses, all of
which are generated continuously. Examples of periodic
control signals include each of the continuous control sig-
nals described above which have a designated start time
(e.g., beginning of each minute, hour or day) and a des-
ignated duration (e.g., 1 second, 1 minute, 1 hour). Ex-
amples of episodic control signals include each of the
continuous control signals described above which are
triggered by an episode (e.g., activation by the pa-
tient/physician, an increase in blood pressure above a
certain threshold, etc.).
[0059] The stimulus regimen governed by control sys-
tem 60 may be selected to promote long term efficacy.
It is theorized that uninterrupted or otherwise unchanging
activation of baroreceptors 30 may result in the barore-
ceptors and/or the baroreflex system becoming less re-
sponsive over time, thereby diminishing the long-term
effectiveness of the therapy. Therefore, the stimulus reg-
imen may be selected to activate, deactivate or otherwise
modulate baroreflex activation device 70 in such a way
that therapeutic efficacy is maintained long term. For pur-
poses of clarity, it should be mentioned that the term stim-
ulation and activation may be used interchangeable as
well as the terms therapy and stimulus regimen. A ther-
apy may, comprise, a plurality of does regiments or reg-
imens for delivery of different doses/intensities.
[0060] In addition to maintaining therapeutic efficacy
over time, the stimulus regimens may be selected to re-
duce power requirement/consumption of control system
60. As will be described in more detail, the stimulus reg-
imen may dictate that baroreflex activation device 70 be
initially activated at a relatively higher energy and/or pow-
er level, and subsequently activated at a relatively lower
energy and/or power level. The first level attains the de-
sired initial therapeutic effect, and the second (lower) lev-
el sustains the desired therapeutic effect long term. By
reducing the energy and/or power level after the desired
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therapeutic effect is initially attained, the power required
or consumed by the device 70 is also reduced long term.
This may correlate into systems having greater longevity
and/or reduced size (due to reductions in the size of the
power supply and associated components).
[0061] Another advantage of the stimulus regimens is
the reduction of unwanted collateral tissue stimulation.
As mentioned above, the stimulus regimen may dictate
that baroreflex activation device 70 be initially activated
at a relatively higher energy and/or power level to attain
the desired effect, and subsequently activated at a rela-
tively lower energy and/or power level to maintain the
desired effect. By reducing the output energy and/or pow-
er level, the stimulus may not travel as far from the target
site, thereby reducing the likelihood of inadvertently stim-
ulating adjacent tissues such as muscles in the neck and
head.
[0062] The stimulus regimens described herein may
be applied to baropacing (i.e., electrical stimulation of the
carotid sinus nerve), as in the baropacing system dis-
closed in U.S. Patent No. 6,073,048 to Kieval et al.
[0063] In a representative embodiment, the stimulus
regimen is represented by pulse frequency, for example
in the order of 20 Hz (Hertz), a corresponding pulse every
50 is (milliseconds), and pulse widths PW1 and PW2
which are programmable, but for example can be less
than 1 ms, Δ1 is 30-250 ms (microseconds), Δ2 and Δ3
are at least 30 ms. For example, a charge balance interval
CBW can be set at 862 ms. A nominal heart rate is 1-1.2
Hz (burst interval of 0.83-1 second), so a representative
burst interval might comprise 6-8 pulses at 20 Hz over
the first 250-350 ms followed by no pulses or pulses at
a lower frequency over the remainder of the burst interval.
These numbers are exemplary and are by no means crit-
ical.
[0064] The stimulus regimens including a baroreflex
activation therapy intensity may be increased or de-
creased by a predetermined small or large step-size as-
sociated with a change in a monitored parameter or a
need to otherwise adjust or modify therapy. If for exam-
ple, a need to reduce therapy is determined, a therapy
can be reduced in small or large increments based on
the need to reduce in such small or large increments. If
for example a need to increase therapy is determined, a
therapy can be increased in small or large increments
based on the need to increase in small or large incre-
ments. Accordingly, the initiation of therapy may be de-
livered in small increments so as to gauge a patient’s
response to a therapy. If a need to reduce therapy is
determined (by way of example when a patient needs to
have therapy paused for a battery change or some other
reason), a therapy can be reduced by reducing the am-
plitude in small or large increments, such as reducing the
current or voltage of the therapy. Such current or voltage
may be reduced for example in small increments of about
0.1 to 1 volt or 1-2 Hz per day for 7-14 days depending
on the patient’s response to the reduction of therapy. In
a representative embodiment of small increments, in a

patient receiving a programmed therapy of 5.5 volts, the
therapy may be reduced from 5.5 volts to 0.1 volt over a
period of 7-10 days. In a representative embodiment, in
a patient receiving a programmed therapy of 20 Hz, the
therapy may be reduced from 20 Hz to 10 Hz over a
period of 7-10 days. Therapy may be reduced in larger
increments, such as in larger current or voltage drops
over a shorter time, although it should be understood that
"large" and "small" increments may be defined differently
for different patients.
[0065] The stimulus regimen may be described in
terms of the control signal and/or the output signal from
baroreflex activation device 70. Generally speaking,
changes in the control signal result in corresponding
changes in the output of baroreflex activation device 70
which affect corresponding changes in baroreceptors 30.
The correlation between changes in the control signal
and changes in baroreflex activation device 70 may be
proportional or disproportional, direct or indirect (in-
verse), or any other known or predictable mathematical
relationship. For purposes of illustration only, the stimu-
lus regimen may be described herein in such a way that
assumes the output of barorellex activation device 70 is
directly proportional to the control signal. Further details
of exemplary stimulus regimens may be found, for ex-
ample, in U.S. Patent Application No. 60/584,730,
[0066] Control system 60 may be implanted in whole
or in part. For example, the entire control system 60 may
be carried externally by the patient utilizing transdermal
connections to the sensor lead 82 and the control lead
72. Alternatively, control block 61 and driver 66 may be
implanted with input device 64 and display 65 carried
externally by the patient utilizing transdermal connec-
tions therebetween. As a further alternative, the transder-
mal connections may be replaced by cooperating trans-
mitters/receivers to remotely communicate between
components of control system 60 and/or sensor 80 and
baroreflex activation device 70.
[0067] For further details of exemplary baroreflex ac-
tivation devices, reference may be made to U.S. Patent
Nos. 6,522,926 and 6,616,624, and U.S. Patent Applica-
tion Nos. 09/964,079, 09/963,777, 09/963,991,
10/284,063, 10/453,678,10/402,911, 10/402,393,
10/818,738, and 60/584,730.

Claims

1. A system for treating a patient, comprising:

a sensor for monitoring a parameter indicative
of a need to modify baroreflex activation therapy;
a baroreflex activation device for activating a
baroreflex of a patient according to a baroreflex
activation therapy;
a therapy circuitry for delivering the baroreflex
activation therapy in step-sized baroreflex acti-
vation therapy intensity increments;
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a controller configured for applying the barore-
flex activation therapy to the patient, the control-
ler connectable to the therapy circuitry and the
sensor;
a memory system in communication with the
controller and configured for storing information
regarding the baroreflex activation therapy, said
system characterised in that it is adapted to
be programmed with a target value for said pa-
rameter and with prescribed baroreflex activa-
tion intensity step sizes associated with large
and small rates of parameter changes; further
wherein the system is adapted to:

(a) deliver baroreflex activation therapy to
the patient (5) while the parameter is being
monitored (6),
(b) determine whether there has been a
change in the magnitude of the parameter
and if so, whether such change is an in-
crease or decrease (7),
(b.1) if it is determined that there has been
a decreasing change, identify whether the
rate of change has been large or small (9)
and decrease baroreflex activation therapy
intensity by the step size prescribed for
large or small rates of parameter change
(12, 11), respectively,
(b.2) if it is determined that there has been
an increasing change, identify whether the
rate of change has been large or small (10)
and increase baroreflex activation therapy
intensity by the step size prescribed for
large or small rates of parameter change
(14, 13), respectively.

2. The system of claim 1, further including a pulse gen-
erator configured for generating stimulation pulse
trains to activate the baroreflex system of the patient,
wherein the pulse generator is configured to deliver
a pulse trains having different intensity levels.

3. The system of claim 1, wherein the sensor is config-
ured to monitor a parameter indicative of a need to
modify therapy over a predetermined period of time.

4. The system of claim 1, wherein the system is adapted
to classify a detected change in magnitude of the
parameter into a class of a prescribed classification
system, and to modify an intensity of the therapy
according to a respective step size from a series of
pre-determined step sizes, wherein each of these
intensity step-sizes is associated with a particular
class of parameter magnitude change.

Patentansprüche

1. Ein System zur Behandlung eines Patienten, beste-
hend aus:

einem Sensor zur Überwachung eines Parame-
ters, der die Notwendigkeit einer Änderung der
Baroreflex-Aktivierungstherapie anzeigt;
einer Baroreflex-Aktivierungs-Vorrichtung zur
Aktivierung des Baroreflex eines Patienten ge-
mäß einer Baroreflex-Aktivierungstherapie;
einem Therapiekreislauf zur Bereitstellung einer
Baroreflex-Aktivierungstherapie mit schrittwei-
ser Intensitätszunahme der Baroreflex-Aktivie-
rungstherapie;
einem Regler, der so gestaltet ist, dass er die
Baroreflex-Aktivierungstherapie auf einen Pati-
enten anwenden kann, der Regler ist an den
Therapiekreislauf und den Sensor
anschließbar; einem Speichersystem in Verbin-
dung mit dem Regler und so gestaltet, dass es
die Informationen bezüglich der Baroreflex-Ak-
tivierungstherapie speichert, das besagte Sys-
tem dadurch charakterisiert, dass es mit einem
Zielwert für den besagten Parameter program-
miert werden kann und mit den vorgegebenen
Intensitätsschritten der Baroreflex-Aktivierung
programmiert werden kann, die mit großen und
kleinen Parameter-Änderungen verbunden
sind; darüberhinaus ist das System für Folgen-
des geeignet:

(a) die Bereitstellung der Baroreflex-Akti-
vierungstherapie für einen Patienten (5),
während der Parameter überwacht wird (6),
(b) die Bestimmung, ob es zu einer Verän-
derung des Parameterwerts gekommen ist
und wenn ja, ob diese Veränderung einen
Anstieg oder eine Abnahme (7) darstellt,
(b.1) wenn festgestellt wird, dass die Ver-
änderung eine Abnahme darstellt, die Fest-
stellung, ob die Veränderungsrate groß
oder klein (9) ist und die Reduzierung der
Intensität der Baroreflex-Aktivierungsthera-
pie um die Schrittgröße, die für große bzw.
kleine Raten der Parameterveränderung
(12, 11) vorgegeben sind,
(b.2) wenn festgestellt wird, dass die Ver-
änderung eine Zunahme darstellt, die Fest-
stellung, ob die Veränderungsrate groß
oder klein (10) ist und die Anhebung der In-
tensität der Baroreflex-Aktivierungsthera-
pie um die Schrittgröße, die für große bzw.
kleine Raten der Parameterveränderung
(14, 13) vorgegeben sind.

2. Das System in Anspruch 1, das darüberhinaus einen
Impulsgenerator einschließt, der so gestaltet ist,
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dass er Stimulationsimpulsfolgen erzeugt, um das
Baroreflexsystem des Patienten zu aktivieren, wobei
der Impulsgenerator so gestaltet ist, dass er Impuls-
folgen mit unterschiedlichen Intensitätsstufen bereit-
stellt.

3. Das System in Anspruch 1, wobei der Sensor so
gestaltet ist, dass er einen Parameter überwacht,
der die Notwendigkeit einer Therapieänderung über
einen vorbestimmten Zeitraum anzeigt.

4. Das System in Anspruch 1, wobei das System dafür
geeignet ist, eine erfasste Veränderung im Parame-
terwert in eine Klasse eines vorgeschriebenen Klas-
sifizierungssystems einzuordnen und die Intensität
der Therapie gemäß einer entsprechenden Schritt-
größe aus einer Reihe vorgegebener Schrittgrößen
zu verändern, wobei jede dieser Intensitäts-Schritt-
größen mit einer bestimmten Klasse von Parame-
terwert-Änderungen verbunden ist.

Revendications

1. Un système de traitement d’un patient, comprenant :

un capteur destiné à la surveillance d’un para-
mètre indicatif d’un besoin de modifier une thé-
rapie d’activation du baroréflexe,
un dispositif d’activation du baroréflexe destiné
à l’activation d’un baroréflexe d’un patient selon
une thérapie d’activation du baroréflexe,
un circuit de thérapie destiné à la fourniture de
la thérapie d’activation du baroréflexe par des
incréments d’intensité de thérapie d’activation
du baroréflexe par paliers,
un dispositif de commande configuré de façon
à appliquer la thérapie d’activation du baroré-
flexe au patient, le dispositif de commande pou-
vant être raccordé au circuit de thérapie et au
capteur,
un système à mémoire en communication avec
le dispositif de commande et configuré de façon
à conserver en mémoire des informations con-
cernant la thérapie d’activation du baroréflexe,
ledit système étant caractérisé en ce qu’il est
adapté de façon à être programmé avec une
valeur cible pour ledit paramètre et avec des
tailles de palier d’intensité d’activation du baro-
réflexe prescrites associées à des taux grands
et petits de variation de paramètre, où en outre
le système est adapté de façon à :

(a) fournir une thérapie d’activation du ba-
roréflexe au patient (5) pendant que le pa-
ramètre est surveillé (6),
(b) déterminer s’il y a eu une modification
dans la magnitude du paramètre et si c’est

le cas, si une telle modification est une aug-
mentation ou une diminution (7),
(b.1) s’il est déterminé qu’il y a eu une mo-
dification en diminution, identifier si le taux
de variation a été grand ou petit (9) et dimi-
nuer l’intensité de la thérapie d’activation du
baroréflexe de la taille de palier prescrite
pour des taux grands et petits de variation
de paramètre (12, 11), respectivement,
(b.2) s’il est déterminé qu’il y a eu une mo-
dification en augmentation, identifier si le
taux de variation a été grand ou petit (10)
et augmenter l’intensité de la thérapie d’ac-
tivation du baroréflexe de la taille de palier
prescrite pour des taux grands et petits de
variation de paramètre (14, 13), respective-
ment.

2. Le système selon la Revendication 1, comprenant
en outre un générateur d’impulsions configuré de
façon à générer des trains d’impulsion de stimulation
destinés à activer le système de baroréflexe du pa-
tient, où le générateur d’impulsions est configuré de
façon à fournir des trains d’impulsion possédant dif-
férents niveaux d’intensité.

3. Le système selon la Revendication 1, où le capteur
est configuré de façon à surveiller un paramètre in-
dicatif d’un besoin de modifier une thérapie sur une
période de temps prédéterminée.

4. Le système selon la Revendication 1, où le système
est adapté de façon à classer une modification dé-
tectée en magnitude du paramètre en une classe
d’un système de classification prescrit, et à modifier
une intensité de la thérapie selon une taille de palier
respective à partir d’une série de tailles de palier
prédéterminées, où chacune de ces tailles de palier
d’intensité est associée à une classe particulière de
variation de magnitude du paramètre.
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