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1
DEVICES AND METHODS FOR CONTROL
OF BLOOD PRESSURE

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present patent application is a continuation-in-part of
U.S. patent application Ser. No. 12/774,254, filed May 5,
2010, entitled “Devices and Methods for Control of Blood
Pressure”, which is a continuation-in-part of U.S. patent
application Ser. No. 12/602,787, filed May 17, 2011, entitled
“Devices and Methods for Control of Blood Pressure”,
which is the U.S. national phase of PCT Application No.
PCT/IL2009/000932 to Gross et al. (WO 10/035271), filed
Sep. 29, 2009, which claims priority from U.S. Patent
Application 61/194,339, filed Sep. 26, 2008, entitled
“Devices and methods for control of blood pressure”; and a
continuation-in-part of U.S. patent application Ser. No.
11/881,256 (US 2008/0033501), filed Jul. 25, 2007, entitled
“Elliptical element for blood pressure reduction,” which is a
continuation-in-part of PCT Application No. PCT/IL2006/
000856 to Gross (WO 07/013065), filed Jul. 25, 2006,
entitled, “Electrical stimulation of blood vessels,” which
claims the benefit of (a) U.S. Provisional Application
60/702,491, filed Jul. 25, 2005, entitled, “Electrical stimu-
lation of blood vessels,” and (b) U.S. Provisional Applica-
tion 60/721,728, filed Sep. 28, 2005, entitled, “Electrical
stimulation of blood vessels’; the entire disclosures of which
are incorporated herein by reference.

FIELD OF THE INVENTION

Applications of the present invention generally relate to
implanted medical apparatus. Specifically, applications of
the present invention relate to apparatus and methods for
reducing blood pressure.

BACKGROUND OF THE INVENTION

Hypertension is a condition from which many people
suffer. It is a constant state of elevated blood pressure which
can be caused by a number of factors, for example, genetics,
obesity or diet. Baroreceptors located in the walls of blood
vessels act to regulate blood pressure. They do so by sending
information to the central nervous system (CNS) regarding
the extent to which the blood vessel walls are stretched by
the pressure of the blood flowing therethrough. In response
to these signals, the CNS adjusts certain parameters so as to
maintain a stable blood pressure.

PCT Application Publication WO 10/035,271 to Gross
describes apparatus for reducing hypertension of a subject.
A selective circumferential pressure applicator includes at
least two surfaces that increase baroreceptor activity of the
subject, by applying pressure to an artery of the subject at
two or more respective non-contiguous regions around the
circumference of the artery, at a longitudinal site of the
artery, such that between the non-contiguous regions, at the
longitudinal site (a) there is at least one region of the artery
that is more relaxed than in the absence of the device, and
(b) there is at least one region of the artery that is more tense
than in the absence of the device. A joint couples the surfaces
to each other. For at least a portion of the subject’s cardiac
cycle, the joint does not contact the subject’s artery. Other
applications are also provided.

US Patent Application Publication 2008/0033501 to
Gross describes apparatus for treating hypertension of a
subject. The apparatus includes an implantable element
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which has a non-circular shape and which is configured to
reduce the hypertension by facilitating an assumption of a
non-circular shape by a blood vessel in a vicinity of a
baroreceptor of the subject, during diastole of the subject.
Other embodiments are also described.

CVRx  (Minneapolis, Minn.) manufactures the
CVRx®Rheos Baroreflex Hypertension Therapy System, an
implantable medical device for treating subjects with high
blood pressure.
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SUMMARY OF THE INVENTION

For some applications, a subject’s hypertension is treated
by modulating the subject’s baroreceptor activity. Mechani-
cal and other forces are applied directly or indirectly to one
or more of the subject’s arteries in order to modulate the
baroreceptor response to the blood pressure. The forces are
typically applied to arteries that are rich in baroreceptors, for
example, the carotid arteries, the aorta, the subclavian arter-
ies and/or arteries of the brain. For some applications, the
forces are applied to other regions of the body that contain
baroreceptors, such as the atria.

Baroreceptors measure strain, which, in the case of a
circular vessel, depends on the pressure and the radius of the
vessel. As pressure increases, the stress exerted on the wall
increases, thereby increasing the strain in the vessel wall.
Equation 1 relates the wall stress ¢ in a thin walled tube, to
internal pressure p, internal radius r, and wall thickness t.

o=pr/2t [Equation 1]

In a hypertensive patient, the pressure-strain relationship
is typically shifted to higher pressures, such that the artery
is subject to a given strain at a higher blood pressure than the
blood pressure in a healthy vessel that would give rise to the
given strain. Thus, the baroreceptors are activated at a higher
blood pressure in a hypertensive patient than they are in a
healthy patient. The devices described herein typically cause
the pressure-strain curve to shift back to lower pressures.

The inventors hypothesize that, at constant pressure, by
increasing the radius of curvature of a region of an arterial
wall, the strain in the region of the wall may be increased.
Thus, the baroreceptor nerve endings in the region (which
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are typically disposed between the medial and adventitial
layers of the artery, as described in further detail hereinbe-
low) experience greater strain, ceteris paribus. The intravas-
cular devices described herein typically increase the radius
of curvature of regions of the arterial wall, but do not cause
a substantial decrease in the cross-section of the artery (and,
typically, cause an increase in the cross-section of the
artery), thereby maintaining blood flow through the artery.
For some applications, the devices change the shape of the
artery such that the artery is less circular than in the absence
of the device, thereby increasing the radius of curvature of
sections of the arterial wall.

Typically, the devices described herein change the shape
of the artery by being placed inside or outside the artery, but
by maintaining less than 360 degrees of contact with the
surface of the artery at any given site along the length of the
artery. Further typically, contact between the device and the
artery is limited to several (e.g., two to six, or three to six)
contact regions around the circumference of the artery, and
is generally minimized. Still further typically, the device is
placed inside the artery such that there are several regions at
which the device does not contact the artery, each of the
non-contact regions being contiguous, and defining an angle
that is greater than 10 degrees around the longitudinal axis
of the artery, as described in further detail hereinbelow. This
may be beneficial for the following reasons:

(1) A greater area of the artery pulsates in response to
pressure changes than if the device were to maintain a
greater degree of contact with the vessel wall. It is generally
desirable to allow at least a portion of the vessel to pulsate
freely. This is because pulsation of the vessel over the course
of the cardiac cycle typically activates and maintains normal
functioning of the baroreceptors. For some applications,
baroreceptor activity in the portions of the vessel that are in
contact with the device may be reduced, since the movement
of those portions in response to changes in blood pressure is
reduced. Therefore, for some applications, contact between
the device and the artery is minimized.

(2) A smaller metal to lumen ratio typically causes less
reactive growth of endothelial and smooth muscle cells.
Typically, reducing this reactive growth reduces the chances
of stenosis being caused by the device. Further typically,
reducing this reactive growth facilitates explantation, and/or
movement of the device, when desired.

For some applications the devices described herein are
implanted temporarily, and are subsequently removed. For
example, one of the devices described herein may be
implanted for a period of less than one month, e.g., less than
one week. Temporary implantation of the devices is typi-
cally used to treat an acute condition of the subject. For some
applications, the shape of the artery in which the device is
implanted is permanently altered by temporarily implanting
the device.

Typically, the devices described herein are implanted
inside or outside of the subject’s carotid artery, e.g., at the
carotid sinus. In accordance with respective embodiments,
the devices are implanted bilaterally, or inside or outside of
only one of the subject’s carotid arteries. Alternatively or
additionally, the devices are placed inside or outside of a
different artery, e.g., the aorta or the pulmonary artery.

The devices are typically self-anchoring and structurally
stable. Further typically, the devices are passive devices, i.e.,
subsequent to the devices being implanted inside or outside
of the artery, the devices act to increase baroreceptor sen-
sitivity without requiring electrical or real-time mechanical
activation.
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There is therefore provided, in accordance with some

applications of the present invention, a method, including:
identifying a subject as suffering from hypertension; and
in response to the identifying,

(a) increasing a radius of curvature of a first set of at least
three regions of an arterial wall of the subject at a given
longitudinal location, while

(b) allowing the first set of regions of the arterial wall to
pulsate, by

implanting a device inside the artery at the longitudinal
location such that the device applies pressure to the
arterial wall at a second set of at least three regions of
the artery, but does not contact the first set of regions,
the first set of regions and the second set of regions
alternating with each other.

For some applications, implanting the device includes
increasing strain in the arterial wall at both the first and the
second set of regions, relative to the strain in the arterial wall
when the device is absent from the artery.

For some applications, implanting the device includes
increasing a cross-sectional area of the artery.

For some applications, implanting the device includes
implanting a device such that the second set of regions
includes three to six regions at which the device applies
pressure to the arterial wall.

For some applications, implanting the device includes
implanting the device for less than one month.

For some applications, implanting the device includes
implanting the device inside a carotid artery of the subject.

For some applications, implanting the device includes
implanting the device inside a pulmonary artery of the
subject.

For some applications, implanting the device includes
implanting the device inside an aorta of the subject.

For some applications, implanting the device includes
placing the device inside the artery and allowing the device
to become self-anchored to the artery.

For some applications, implanting the device includes
implanting a device having a total cross-sectional area of
less than 5 sq mm.

For some applications, implanting the device includes
implanting a device having a total cross-sectional area of
less than 0.5 sq mm.

For some applications, increasing the radius of curvature
of the first set of at least three regions of the arterial wall
includes increasing a systolic radius of curvature at the
regions to more than 1.1 times the systolic radius of curva-
ture of the arterial wall when the device is absent from the
artery.

For some applications, increasing the radius the curvature
of the first set of at least three regions of the arterial wall
includes increasing a systolic radius of curvature at the
regions to more than two times the systolic radius of
curvature of the arterial wall when the device is absent from
the artery.

For some applications, increasing the radius the curvature
of the first set of at least three regions of the arterial wall
includes increasing a systolic radius of curvature at the
regions to more than twenty times the systolic radius of
curvature of the arterial wall when the device is absent from
the artery.

For some applications, implanting the device includes
implanting the device such that each of the regions of the
first set of regions is a contiguous region that is able to
pulsate, each of the contiguous regions encompassing an
angle around a longitudinal axis of the artery of greater than
10 degrees.
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For some applications, implanting the device includes
implanting the device such that each of the regions of the
first set of regions is a contiguous region that is able to
pulsate, each of the contiguous regions encompassing an
angle around the longitudinal axis of the artery of greater
than 20 degrees.

For some applications, implanting the device includes
implanting the device such that each of the regions of the
first set of regions is a contiguous region that is able to
pulsate, each of the contiguous regions encompassing an
angle around the longitudinal axis of the artery of greater
than 50 degrees.

For some applications, implanting the device includes
implanting the device such that the first set of regions
encompass more than 20 percent of a circumference of the
arterial wall at the longitudinal location, during systole of
the subject.

For some applications, implanting the device includes
implanting the device such that the first set of regions
encompass more than 80 percent of the circumference of the
arterial wall at the longitudinal location, during systole of
the subject.

There is further provided, in accordance with some appli-
cations of the present invention, apparatus for treating
hypertension of a subject, including:

an implantable device shaped to define at least three
separate artery-contacting surfaces, and configured to:

(a) increase a radius of curvature of a wall of the artery at

a first set of at least three regions of the arterial wall at
a given longitudinal location, while

(b) allowing the first set of regions of the arterial wall to

pulsate at the longitudinal location, by

the device being implanted inside the artery at the longi-

tudinal location such that the artery-contacting surfaces
contact a second set of at least three regions of the
arterial wall, but do not contact the first set of regions
of the arterial wall, the first set of regions and the
second set of regions alternating with each other.

For some applications, the device is configured such that
as the artery-contacting surface apply increasing pressure to
the arterial wall, a cross-sectional area of the artery
increases.

For some applications, the device is configured to
increase strain in the arterial wall at both the first and the
second set of regions, relative to the strain in the arterial wall
when the device is absent from the artery.

For some applications, the device is configured to
increase a cross-sectional area of the artery.

For some applications, the artery-contacting surfaces
includes three to six artery contacting surfaces.

For some applications, the device is configured to be
implanted inside the artery for less than one month.

For some applications, the device is configured to be
implanted inside a carotid artery of the subject.

For some applications, the device is configured to be
implanted inside a pulmonary artery of the subject.

For some applications, the device is configured to be
implanted inside an aorta of the subject.

For some applications, the device is configured to become
self-anchored to the artery.

For some applications, the device has a total cross-
sectional area of less than 5 sq mm.

For some applications, the device has a total cross-
sectional area of less than 0.5 sq mm.

For some applications, edges of at least two adjacent
artery-contacting surfaces define an angle around a longitu-
dinal axis of the device of greater than 10 degrees.
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For some applications, the edges of the two artery-
contacting surfaces define an angle around the longitudinal
axis of the device of greater than 20 degrees.

For some applications, the edges of the two artery-
contacting surfaces define an angle around the longitudinal
axis of the device of greater than 50 degrees.

There is additionally provided, in accordance with some
applications of the present invention, a method, including:

identifying a subject as suffering from hypertension; and

in response to the identifying,

(a) increasing strain at a first set of regions of an arterial

wall of the subject at a given longitudinal location,

(b) while maintaining, at a given stage in a cardiac cycle

of the subject, a cross-section of the artery at the
longitudinal location that is at least 20 percent of the
cross-section of the artery at the longitudinal location,
at the given stage of the cardiac cycle, when the device
is absent, by

implanting a device outside the artery at the longitudinal
location such that the device applies pressure to the arterial
wall at the first set of regions of the arterial wall, but does
not contact the arterial wall at at least a second set of regions
of the arterial wall at the longitudinal location, the first set
of regions and the second set of regions alternating with each
other.

For some applications, implanting the device includes
implanting the device outside a carotid artery of the subject.

For some applications, implanting the device includes
implanting the device outside a pulmonary artery of the
subject.

For some applications, implanting the device includes
implanting the device outside an aorta of the subject.

For some applications, maintaining the cross-section of
the artery that is at least 20 percent of the cross-section of the
artery at the longitudinal location when the device is absent,
includes maintaining an internal diameter of the artery, in the
presence of the device, that is at least 30 percent of the
diameter of the artery in the absence of the device.

For some applications, maintaining the cross-section of
the artery that is at least 20 percent of the cross-section of the
artery at the longitudinal location when the device is absent,
includes maintaining a rate of blood flow through the artery
that is more than 70 percent of the rate of blood flow through
the artery in the absence of the device.

For some applications, maintaining the rate of blood flow
through the artery that is more than 70 percent of the rate of
blood flow through the artery in the absence of the device,
includes maintaining a rate of blood flow through the artery
that is more than 90 percent of the rate of blood flow through
the artery in the absence of the device.

For some applications, implanting the device includes
implanting the device such that the arterial wall is able to
pulsate at each of the second set of regions.

For some applications, implanting the device includes
implanting a device outside the artery at the longitudinal
location such that the device applies pressure to the arterial
wall at a first set of three to six regions of the artery, but does
not contact the artery at a second set of three to six regions
of the artery.

For some applications, implanting the device includes
implanting a device outside the artery at the longitudinal
location such that the device does not contact the artery at at
least the second set of regions of the artery, each of the
second set of regions being contiguous, and encompassing
an angle around a longitudinal axis of the artery of greater
than 10 degrees.
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For some applications, implanting the device includes
implanting a device such that each of the second set of
regions encompasses an angle around the longitudinal axis
of the artery of greater than 20 degrees.

For some applications, implanting the device includes
implanting a device such that each of the second set of
regions encompasses an angle around the longitudinal axis
of the artery of greater than 50 degrees.

For some applications, implanting the device includes
implanting the device such that the device encompasses less
than 90 percent of a circumference of the artery.

For some applications, implanting the device includes
implanting the device such that the device encompasses less
than 70 percent of the circumference of the artery.

There is additionally provided, in accordance with some
applications of the present invention, apparatus for treating
hypertension of a subject, including:

an implantable device shaped to define a single pair of
artery-contacting surfaces, and configured to:

(a) increase a radius of curvature of the artery at a first set
of two regions of the artery at a given longitudinal
location, while

(b) allowing the first set of regions of the artery to pulsate
at the longitudinal location, by

the device being implanted inside the artery at the longi-
tudinal location such that the artery-contacting surfaces
contact a second set of two regions of the artery, but at
no point during a cardiac cycle of the subject does the
device contact the first set of regions, the first set of
regions and the second set of regions alternating with
each other.

For some applications, the device is configured such that
when the device is implanted in the artery no portion of the
device intersects a longitudinal axis of the artery.

For some applications, the device further includes a joint
configured to couple the artery-contacting surfaces to one
another, and the joint is disposed asymmetrically with
respect to centers of the artery-contacting surfaces.

The present invention will be more fully understood from
the following detailed description of embodiments thereof,
taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional illustration of an artery;

FIGS. 2A-B are contour plots of the strain in the wall of
an artery, respectively, when the artery does have and does
not have inserted therein an intravascular device, in accor-
dance with some applications of the present invention;

FIG. 3 is a contour plot of the strain in the wall of an
artery, an extravascular device having been implanted out-
side the wall, in accordance with some applications of the
present invention;

FIG. 4 is a schematic illustration of an intravascular
device for placing inside an artery of a subject suffering from
hypertension, in accordance with some applications of the
present invention;

FIGS. 5A-B are schematic illustrations of an artery,
showing the radius of curvature of the artery, respectively,
before and after placement of the device shown in FIG. 4, in
accordance with some applications of the present invention;

FIG. 5C is a schematic illustration of the device of FIG.
4 disposed inside the artery, without stretching the artery, for
illustrative purposes;

FIGS. 6A-B are schematic illustrations of, respectively, a
device, and the device implanted inside an artery, in accor-
dance with some applications of the present invention;
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FIGS. 7A-B are schematic illustrations of, respectively,
another device, and the device implanted inside an artery, in
accordance with some applications of the present invention;

FIGS. 8A-B are schematic illustrations of, respectively, a
further device, and the device implanted inside an artery, in
accordance with some applications of the present invention;

FIGS. 9A-D are schematic illustrations of extravascular
devices placed around an artery, in accordance with some
applications of the present invention,

FIG. 10 is a graph that indicates the portion of an arterial
wall having a strain that is greater than a threshold value, as
a function of the reduction in the cross-sectional area of the
artery, for respective extravascular devices, in accordance
with some applications of the present invention;

FIG. 11 is a graph showing the maximum percentage
increase in the strain of the arterial wall as a function of the
reduction in the cross-sectional area of the artery, for respec-
tive extravascular devices, in accordance with some appli-
cations of the present invention,;

FIG. 12 is a schematic illustration of a device for mea-
suring the baroreceptor response of a subject to pressure that
is exerted on the inner wall of an artery of the subject, in
accordance with some applications of the present invention;

FIG. 13 is a graph showing the blood pressure measured
in a dog before and after the insertion of intravascular
devices into the dog’s carotid sinuses, in accordance with
some applications of the present invention; and

FIG. 14 is a graph showing the pressure-strain curve of
the artery of a healthy subject, a hypertensive subject, and a
hypertensive subject that uses a device as described herein,
in accordance with some applications of the present inven-
tion.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Reference is now made to FIG. 1, which is a cross-
sectional illustration of an artery 20. The arterial wall
includes three layers 22, 24, and 26, which are called,
respectively, the intima, the media, and the adventitia. For
some applications of the present invention, an intravascular
device is placed inside an artery, baroreceptors being dis-
posed at the interface between adventitia 26 and media 24 of
the artery. The device causes the curvature of the arterial
wall to flatten in some regions of the circumference of the
arterial wall, thereby causing the baroreceptors to become
stretched, while allowing the regions to pulsate over the
course of the subject’s cardiac cycle.

Reference is now made to FIGS. 2A and 2B, which are
contour plots of the strain in the top right quarter of an
arterial wall, in the absence of an intravascular device (FIG.
2A) and in the presence of an intravascular device (FIG. 2B),
analyzed and/or provided in accordance with some applica-
tions of the present invention. The contour plot in FIG. 2B
was generated for a device (e.g., as shown hereinbelow in
FIGS. 7A-B) having four elements, each of which contacts
the arterial wall at a contact region 42. The contour plots
shown in FIGS. 2A-B are computer simulations of the strain
in the wall of an artery, at a blood pressure of 100 mmHg,
the artery having a radius of 3 mm, and a wall thickness of
0.6 mm. The scope of the present application includes
intravascular devices having different structures from that
used to generate FIG. 2B, as would be obvious to one skilled
in the art.

As seen in FIGS. 2A-B, relative to the strain in the arterial
wall in the absence of an intravascular device, the intravas-
cular device causes there to be increased strain in the arterial
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wall both (a) in the vicinity of contact regions 42, at which
the arterial wall becomes more curved than in the absence of
the device, and (b) in flattened regions 44 of the wall, in
which regions the arterial wall is flatter than it is in the
absence of the device. Thus, the intravascular device
increases the strain in the arterial wall even in regions of the
arterial wall which are able to pulsate, i.e., flattened regions
44. The increased strain in the flattened regions relative to
the strain in the wall in the absence of the intravascular
device is due to the increased radius of curvature of the
flattened regions of the wall.

Reference is now made to FIG. 3, which is a contour plot
of the strain in the top right quarter of an arterial wall, in the
presence of an extravascular device, in accordance with
some applications of the present invention. The contour plot
in FIG. 3 was generated for a device having four elements
that contact the artery at four contact regions 52. However,
the scope of the present invention includes extravascular
devices having different structures, as described hereinbe-
low. For example, an extravascular device may provide three
to six contact regions. The contour plot shown in FIG. 3 is
a computer simulation of the strain in the wall of an artery,
at a blood pressure of 100 mmHg, the artery having a radius
of 3 mm, and a wall thickness of 0.6 mm.

As may be observed by comparing FIG. 3 to FIG. 2A, the
extravascular device causes there to be strain in the arterial
wall in the vicinity of contact regions 52, at which the
arterial wall becomes more curved than in the absence of the
device. Furthermore, it may observed that the strain at
non-contact regions 54 of the wall is lower than in the
absence of the device. The extravascular device typically
breaks the circumferential symmetry of the arterial strain by
applying force at discrete points or surfaces around the
sinus. For some applications, the extravascular device
increases the strain in certain regions of the arterial wall, and
decreases the strain in other regions of the arterial wall,
while maintaining the average strain almost unchanged or
even slightly reduced with respect to the strain in the wall in
the absence of the device. For some applications, the
extravascular device increases the strain in the arterial wall
even at non-contact regions 54, by causing the non-contact
regions to become more curved than in the absence of the
device.

Reference is now made to FIG. 4, which is a schematic
illustration of an intravascular device 60 for placing inside
artery 20 of a subject suffering from hypertension, in accor-
dance with some applications of the present invention. As
shown, device 60 contacts the arterial wall at two contact
regions 62. At the contact regions, device 60 pushes the
arterial wall outward, thereby flattening non-contact regions
64 of the arterial wall between the contact regions. Typically,
non-contact regions 64 are flattened, or partially flattened
during diastole of the subject, but expand during systole
such that they become more curved than during diastole.
Therefore, strain in the flattened regions of the arterial wall
is increased. However, the flattened regions still pulsate over
the course of the subject’s cardiac cycle in the presence of
device 60.

As shown, device 60 is shaped such that the device
substantially does not reduce blood flow. Typically, device
60 is shaped such that no portion of the device intersects the
longitudinal axis of the artery. For example, as shown,
contact surfaces of the device (which contact the arterial
wall at contact regions 60) are coupled to each other by a
joint 66 that does not intersect the longitudinal axis of the
artery. The joint is disposed asymmetrically with respect to
centers of the contact surfaces of the device.
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Reference is now made to FIGS. 5A-B, which are sche-
matic illustrations of an artery, showing the radius R of
artery 20, respectively, before and after placement of the
device 60 shown in FIG, 4, in accordance with some
applications of the present invention. It may be observed
that, for some applications, insertion of device 60 increases
the systolic radius of curvature of the artery at non-contact
regions 64, for example, such that the radius of curvature at
non-contact regions 64 is more than 1.1 times (e.g., twice, or
more than twenty times) the systolic radius of curvature of
regions 64 in the absence of device 60, ceteris paribus. For
some applications, device 60 causes the radius of curvature
of at least a portion of a non-contact region to become
infinite, by flattening the non-contact regions. For example,
the center of non-contact region 64 in FIG. 5B has an infinite
radius of curvature.

For some applications, device 60 increases the systolic
radius of curvature of the artery at non-contact regions 64 in
the aforementioned manner, and increases the systolic cross-
sectional area of the artery by more than five percent (e.g.,
ten percent), relative to the systolic cross-sectional area of
the artery in the absence of device 60.

In accordance with the description hereinabove, by flat-
tening non-contact regions 64 of the wall of artery 20, device
60 causes increased strain in regions 64, thereby causing an
increase in baroreceptor firing at regions 64. Alternatively or
additionally, device 60 causes increased baroreceptor firing
at contact regions 62, by deforming the arterial wall at the
contact regions.

Typically, device 60 exerts a force on artery 20, such that,
during systole when the artery is in the stretched configu-
ration shown in FIG. 5B, non-contact regions 64 comprise
more than ten percent, e.g., more than 20 percent, of the
circumference of the arterial wall at longitudinal sites at
which device 60 stretches the artery. For some applications,
during systole, non-contact regions 64 comprise more than
60 percent, e.g., more than 80 percent, of the circumference
of the arterial wall at longitudinal sites at which device 60
stretches the artery.

Reference is now made to FIG. 5C, which shows device
disposed inside artery 20, but without the device stretching
artery 20. FIG. 5C is for illustrative purposes, since typically
once device 60 is inserted into the artery, the device will
stretch the artery, as shown in FIG. 5B. FIG. 5C demon-
strates that the device contacts the walls of the artery at
contact regions 62 at less than 360 degrees of the circum-
ference of the artery at any longitudinal point along artery 20
(e.g., at the cross-section shown in FIGS. 5A-C). As shown
in FIG. 5C, each of the contact regions 62 encompasses an
angle alpha of the circumference of the artery, such that the
contact that device 60 makes with the walls of the artery
encompasses two times alpha degrees. For devices that
contact the artery at more than two contact regions, the
contact that the device makes with the walls of the artery
encompasses an angle that is a correspondingly greater
multiple of alpha degrees. Typically, device 60 (and the
other intravascular devices described herein) contacts the
walls of the artery at less than 180 degrees (e.g., less than 90
degrees) of the circumference of the artery at any longitu-
dinal site along the artery. Typically, device 60 contacts the
walls of the artery at more than 5 degrees (e.g., more than
10 degrees) of the circumference of the artery at any
longitudinal site along the artery. For example, device 60
may contact the walls of the artery at 5-180 degrees, e.g,,
10-90 degrees, at a given longitudinal site.

Reference is now made to FIGS. 6A-B, which are sche-
matic illustrations of, respectively, a device 70, and device
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70 implanted inside artery 20, in accordance with some
applications of the present invention. Device 70 contacts the
wall of the artery at three contact regions 72, thereby
increasing the radius of curvature (i.e., flattening) of non-
contact regions 74 of the artery that are between the contact
regions. The flattened non-contact regions and the contact
regions alternate with each other. The flattened non-contact
regions are typically able to pulsate over the course of the
subject’s cardiac cycle, as described hereinabove. As shown
in FIG. 6B, each contiguous non-contact region at a given
longitudinal site of the artery, encompasses an angle beta
around a longitudinal axis 76 of the artery. For some devices
(e.g., device 70, and device 90 described hereinbelow with
reference to FIGS. 8A-B), the angle beta is also defined by
the angle that edges of adjacent contact regions of the device
define around longitudinal axis 78 of the device. When the
device is placed in the artery longitudinal axis 78 of the
device is typically aligned with longitudinal axis 76 of the
artery. Typically, angle beta is greater than 10 degree, e.g.,
greater than 20 degree, or greater than 50 degrees. Further
typically, angle beta is less than 180 degrees, e.g., less than
90 degrees. For some applications angle beta is 10-180
degree, e.g., 20-90 degrees. Typically, each of the contigu-
ous non-contact regions is able to pulsate.

Reference is now made to FIGS. 7A-B, which are sche-
matic illustrations of, respectively, a device 80, and device
80 implanted inside artery 20, in accordance with some
applications of the present invention. Device 80 contacts the
wall of the artery at four contact regions, thereby flattening
the non-contact regions of the artery that are between the
contact regions. Fach contiguous non-contact region at a
given longitudinal site of the artery, encompasses an angle
beta around the longitudinal axis of the artery, angle beta
being as described hereinabove.

Reference is now made to FIGS. 8A-B, which are sche-
matic illustrations of, respectively, a device 90, and device
90 implanted inside artery 20, in accordance with some
applications of the present invention. Device 90 contacts the
wall of the artery at five contact regions, thereby flattening
the non-contact regions of the artery that are between the
contact regions. Fach contiguous non-contact region at a
given longitudinal site of the artery, encompasses an angle
beta around the longitudinal axis of, angle beta being as
described hereinabove.

Apart from the fact that devices 70, 80, and 90 contact the
artery at, respectively three, four, and five contact regions,
devices 70, 80, and 90 function in a generally similar manner
to each other, and to device 60, described with reference to
FIGS. 4 and 5A-C. For example, devices 70, 80, and 90
typically contact the arterial wall around substantially less
than 360 degrees of the circumference of the artery, for
example, around 10-90 degrees, or around an angle as
described hereinabove with reference to FIGS. 5A-C. Fur-
thermore, devices 70, 80, and typically increase the cross-
sectional area of the artery relative to the cross-sectional area
of the artery in the absence of the device.

For some applications, a device having three or more
contact regions with the arterial wall, for example, as shown
in FIGS. 6A-8B, is used. It is noted that since device 60
(shown in FIG. 4) contacts the artery at two contact points,
as the device applies increasing pressure to the artery, it will,
at a given stage, decrease the cross-section of the artery, as
the artery becomes increasingly elliptical. By contrast,
devices 70, 80, and 90, which contact the artery at three or
more contact points, increase the cross-section of the artery,
as they apply increasing pressure to the wall of the artery.
Thus, for some applications, a device with three or more
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contact regions is used in order that the cross-sectional area
of the artery is increased as the force which the device exerts
on the wall increases, as compared with a device with only
two contact regions.

Although devices that contact artery 20 at two, three, four
and five contact regions have been described, the scope of
the present invention includes devices that contact the artery
at a different number of contact regions, and/or that have
different structures from those shown, mutatis mutandis.

The intravascular devices described herein are generally
shaped such that the devices contact the intravascular wall at
relatively small contact regions, and provide relatively large
contiguous non-contact regions, which are able to pulsate
due to the subject’s cardiac cycle.

The devices are typically shaped such that the total
contact region that the device makes with the arterial wall at
any longitudinal point along the artery is less than 2 mm,
e.g., less than 0.5 mm. The contact region is usually larger
than 0.05 mm, e.g., greater than 0.2 mm. For example, the
contact region may be 0.05-2 mm, e.g., 0.1-0.4 mm, or
0.2-0.5 mm. The devices are typically inserted into an artery
that has an internal circumference during systole of 6-8 mm.
Thus, the intravascular devices described herein are typi-
cally configured to contact less than 35 percent of the
circumference of the artery at any longitudinal point along
the artery, and at any point in the subject’s cardiac cycle.
Further typically, the intravascular devices described herein
are configured to contact more than 0.5 percent of the
circumference of the artery at any longitudinal point along
the artery, and at any point in the subject’s cardiac cycle. For
some applications, the contact region may be 0.5-35 percent
of the circumference of the artery.

For some applications, the intravascular devices described
herein have a total cross-sectional area of less than 5 sq mm,
e.g., less than 0.8 sq mm, or less than 0.5 sq mm. (The total
cross-sectional area should be understood to refer to the
cross-sectional area of the solid portions of the devices, and
not the space in between the solid portions.) The devices
typically have this cross-sectional area over a length of the
device of more than 4 mm, e.g., more than 6 mm, and/or less
than 12 mm, e.g. less than 10 mm. For example, the devices
may have the aforementioned cross sectional area over a
length of 4 mm-12 mm, e.g., 6 mm-10 mm. The devices are
typically manufactured from nitinol, and/or passivated stain-
less steel 316L.

Reference is now made to FIGS. 9A-D, which are sche-
matic illustrations of extravascular devices 100 that are
implanted around the outside of artery 20, in accordance
with some applications of the present invention. For some
applications, an extravascular device having three contact
elements 102 (as shown in FIGS. 9A and 9C) is placed
around the artery. Alternatively, the extravascular device has
a different number of contact elements 102, e.g., four to six
contact elements. The contact elements increase the strain in
the arterial wall at the regions at which the contact elements
contact the arterial wall, relative to the strain in the arterial
wall in the absence of device 100. For some applications, the
device increases the strain in the arterial wall even at regions
of the arterial wall between the contact regions, relative to
the strain of the arterial wall in the absence of the device.

As with the intravascular devices described hereinabove,
typically contact between extravascular device 100 and the
artery at a given longitudinal location is limited to several
(e.g., three to six) contact regions around the circumference
of the artery, and is generally minimized. Thus, when the
device is placed around the artery there is at least one, and
typically a plurality of, non-contact regions 104 around the
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circumference of the artery, at which the device does not
contact the arterial wall. As shown in FIG. 9A, each con-
tiguous non-contact region at a given longitudinal site of the
artery, encompasses an angle theta around a longitudinal
axis 76 of the artery. For some devices, as shown, the angle
theta is also defined by the edges of adjacent contact
elements 102 of the device and longitudinal axis 108 of the
device. When the device is placed in the artery longitudinal
axis 108 of the device is typically aligned with longitudinal
axis 76 of the artery.

Typically, angle theta is greater than 10 degree, e.g.,
greater than 20 degree, or greater than 50 degrees. Further
typically, angle theta is less than 180 degrees, e.g., less than
90 degrees. For some applications angle theta is 10-180
degree, e.g., 20-90 degrees. This may be beneficial, since
providing contiguous non-contact regions around the artery,
as described, allows a greater area of the artery to pulsate in
response to pressure changes than if the device were to
provide smaller contiguous non-contact regions.

FIG. 9B shows a cross-section of one of contact elements
102 on a wall of artery 20, in accordance with some
applications of the present invention. For some applications,
some or all of contact elements 102 are shaped to define
grooves. Each of the grooves has a length L. Typically,
length L is more than 0.5 mm (e.g., more than 2 mm), and/or
less than 8 mm (e.g., less than 6 mm). For example, length
L may be 0.5-8 mm, e.g., 2-6 mm. The contact element
typically facilitates pulsation of the arterial wall into the
groove.

Typically (as shown for example in FIGS. 9A and 9C),
extravascular device 100 does not encompass the full cir-
cumference of the artery. For example, the extravascular
device may encompass less than 90 percent, e.g., less than
70 percent of the circumference of the artery. For some
applications, using a device that does not encompass the
whole circumference of the artery facilitates placement of
the device on the artery. For example, it may be possible to
place such a device on the artery (a) without dissecting the
artery free from its surrounding tissues, and/or (b) without
fully mobilizing the artery.

For some applications, using a device that does not
encompass the whole circumference of the artery reduces
damage to the artery, and/or damage to baroreceptors, during
placement of the device on the artery. Alternatively or
additionally, using a device that does not encompass the
whole circumference of the artery makes placement of the
device on the artery a less complex procedure than place-
ment on the artery of a device that fully encompasses the
artery.

For some applications, device 100 does not encompass
the whole circumference of the artery, and contact elements
102 curve around the artery, as shown in FIG. 9C. Typically,
the curvature of the contact elements facilitates coupling of
device 100 to the artery.

Typically, extravascular device 100 encompasses more
than 50 percent of the circumference of the artery, for
example, in order to prevent the device from slipping from
the artery. However, the scope of the present invention
includes devices that encompass less than 50 percent of the
artery.

For some applications, extravascular device 100 encom-
passes the whole circumference of artery 20. For example,
an extravascular device may be used that comprises two
pieces that are coupled to each other such that the device
encompasses the whole artery.

Typically, the device causes an increase in the strain in at
least a portion of the arterial wall, relative to the strain in the
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arterial wall in the absence of the device, without substan-
tially reducing the cross-sectional area of the artery. For
example, the cross-sectional area of the artery in the pres-
ence of device 100 may be more than 50 percent, e.g., more
than 80 percent of the cross-sectional area of the artery in the
absence of the device, at a given stage in the subject’s
cardiac cycle. The device does not cause a substantial
reduction in the cross-sectional area of the artery because the
device only contacts the artery at discrete points around the
circumference of the artery. Therefore the device does not
substantially constrict the artery, but rather reshapes the
artery relative to the shape of the artery in the absence of the
device.

Further typically, the device causes an increase in the
strain in at least a portion of the arterial wall, relative to the
strain in the arterial wall in the absence of the device,
without substantially affecting blood flow through the artery.
For example, the rate of blood flow through the artery in the
presence of device 100 may be more than 70 percent, e.g.,
more than 90 percent of the blood flow in the absence of the
device.

For some applications, an insubstantial effect on flow is
achieved by maintaining an internal diameter of the artery,
in the presence of the device, that is at least 30 percent of the
diameter of the artery, in the absence of the device, through-
out the cardiac cycle. Alternatively or additionally, an insub-
stantial effect on flow is achieved by maintaining the cross
sectional area of the artery, in the presence of the device, to
be at least 20 percent of the sectional area, in the absence of
the device, at a given stage in the subject’s cardiac cycle.

For some applications, the flow through the artery to
which the device is coupled is monitored during the implan-
tation of the device, and the device is configured to not
reduce the flow by more than 15 percent. For some appli-
cations, the degree of force applied to the artery, and/or a
physical distance between parts of the device, is modulated
until the measured flow is not reduced by more than 15
percent. For some applications the absolute minimal dis-
tance across the artery is limited to no less than 1.5 mm.

For some applications, the extravascular devices contact
the artery around which they are placed along a length of 5
mm.

For some applications, an extravascular device is used
that is in accordance with one or more of the devices
described in U.S. patent application Ser. No. 12/602,787 to
Gross, which is incorporated herein by reference.

For some applications, a plurality of extravascular devices
100 are placed around the artery, as shown in FIG. 9D. For
some applications, the plurality of extravascular devices are
coupled to each other by a coupling element 105. The
extravascular devices are typically spaced from each other
such that there are non-contact regions 103 between each of
the extravascular devices. Each of the non-contact regions is
contiguous and, typically, has a length L1 of more than 0.5
mm (e.g., more than 2 mm), and/or less than 8 mm (e.g., less
than 6 mm). For example, length L.1 may be 0.5-8 mm, e.g,,
2-6 mm. The arterial wall is typically able to pulsate at the
non-contact regions.

Reference is now made to FIG. 10, which is a graph
generated by computer simulation, which indicates the cir-
cumferential portion of an arterial wall having a strain that
is greater than a threshold value, as a function of the
reduction in the cross-sectional area of the artery, for respec-
tive extravascular devices. For some applications of the
present invention, an extravascular device is placed around
an artery, as described hereinabove. Typically, the extravas-
cular device increases strain in at least regions of the arterial
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wall without substantially reducing the cross-sectional area
of the artery, as described hereinabove. Further typically, the
extravascular device increases strain in at least regions of the
arterial wall without substantially affecting blood flow
through the artery, as described hereinabove.

The graph shows several lines, the lines corresponding to
extravascular devices that are similar to the extravascular
device described hereinabove with reference to FIGS. 3 and
9A. The lines correspond to extravascular devices that have,
respectively, three, four, five, six, and seven contact regions
with the arterial wall around the circumference of the artery.
In addition, one of the lines corresponds to two flat plates
that are placed against the outer surface of the artery.

The simulation was generated for an artery at 100 mmHg
of pressure. When the extravascular devices herein are
placed on the arterial wall, the strain in at least some portions
of the arterial wall is increased. Placing the extravascular
devices on the arterial wall typically reduces the cross-
sectional area of the artery. For a given device, the more the
device compresses the artery, the greater the increase in the
strain in the arterial walls, and the greater the reduction in
the cross-sectional area of the artery.

The x-axis of the graph of FIG. 10 indicates the reduction
in the cross-sectional area of the artery generated by the
devices. The y-axis measures the percentage of the circum-
ference of the arterial wall having a strain that is at least
equivalent to what the strain of the arterial wall would be, if
the pressure in the artery were 120 mmHg. Typically, the
baroreceptor firing rate in such areas when the pressure is
100 mmHg, during use of the devices described herein-
above, will be generally equivalent to, or greater than the
baroreceptor firing rate at 120 mmHg pressure in the
absence of use of the devices. Thus, each of the lines in the
graph is a measure of the percentage of the circumference of
the arterial wall having the increased strain as a function of
the reduction in the arterial cross-sectional area that is
necessary 1o induce the increase in strain.

It may be observed that the devices having a smaller
number of contact regions with the artery are typically more
effective at increasing the strain in the arterial wall by
applying a compression force that does not substantially
reduce the cross-sectional area of the artery. For example,
devices having three and four contact regions with the artery
increase the strain of, respectively, 13 percent and 14 percent
of the arterial wall to the equivalent of 120 mmHg of
pressure while only reducing the cross-sectional area of the
artery by 10 percent. Typically, a 10 percent reduction in the
cross-sectional area of the artery does not substantially
reduce blood flow through the artery in a manner that has
significant adverse physiological effects.

The inventors hypothesize that the devices having a larger
number of contact regions with the artery are less effective
at increasing the strain in the arterial wall than those with a
smaller number of contact regions, because the device acts
to support the arterial wall at the contact regions, thereby
reducing pulsation of the arterial wall over the course of the
cardiac cycle. For this reason, the inventors hypothesize
that, at low pressures, the two plates are relatively effective
at increasing the strain in the arterial wall, since there is a
small amount of contact between the plates and the wall.
However, at higher compressive forces, the plates provide
more support to the wall since there is a greater contact area
between the plates and the wall. Therefore, the plates limit
the pulsation of the wall by an increasing amount. At higher
compressive forces, the decrease in baroreceptor stimulation
due to the reduced pulsation of the artery overrides the
increase in baroreceptor stimulation due to the plates exert-
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ing pressure on the arterial wall. Thus, at higher compressive
forces, the plates are not as effective as the other extravas-
cular devices at increasing the strain in regions of the arterial
wall. Nevertheless, the scope of the present invention
include the use of such plates, e.g., when strain increase is
not the only parameter of importance in selecting an implant.

It is additionally noted that for a broad range of allowed
reductions in cross-section, e.g., about 17-30 percent, 3-6
contact regions all function generally well. Thus, at higher
compression forces (i.e., by reducing the cross-sectional
area of the artery by a greater amount), the devices having
a greater number of contact regions with the artery become
more effective at increasing the strain in the arterial wall. For
example, by reducing the cross-sectional area of the artery
by 30 percent, each of the devices having three to six contact
regions with the artery increases the strain of between 22
percent and 26 percent of the arterial wall to the equivalent
of 120 mmHg of pressure.

Reference is now made to FIG. 11, which is a graph
showing the maximum percentage increase in the strain of
the arterial wall as a function of the reduction in the
cross-sectional area of the artery, for respective extravascu-
lar devices.

The graph shows several lines, the lines corresponding to
extravascular devices that are similar to the extravascular
device described hereinabove with reference to FIGS. 3 and
9A. The lines correspond to extravascular devices that have,
respectively, three, four, five, six, and seven contact regions
with the arterial wall around the circumference of the artery.
In addition, one of the lines corresponds to two plates that
are placed against the outside surface of the artery.

The simulation was generated for an artery at 100 mmHg
of pressure. The bottom, middle, and top horizontal lines
correspond, respectively, to the maximum strain in the
vessel wall at 120 mmHg, 140 mmHg, and 160 mmHg
pressure, when no device is placed on the artery. When the
devices herein are placed on the arterial wall, the maximum
strain of the arterial wall is increased. Placing the devices on
the arterial wall typically reduces the cross-sectional area of
the artery. For a given device, the more the device com-
presses the artery, the greater the maximum strain in the
arterial walls, and the greater the reduction in the cross-
sectional area of the artery.

The x-axis of the graph of FIG. 11 measures the reduction
in the cross-sectional area of the artery generated by the
devices. The y-axis measures the maximum strain in the
arterial wall.

It may be observed that for the devices for which the data
shown in the graph was generated, the fewer the number of
contact regions that the device made with the arterial wall,
the more effective the device is at increasing the maximum
strain in the arterial wall for a given reduction in the
cross-sectional area of the artery that is caused by the device.
For example, by compressing the artery such that it has a 20
percent reduction in its cross-sectional area:

the device having three contact regions generates a maxi-
mum increase of 75 percent in the arterial wall strain,

the device having four contact regions generates a maxi-
mum increase of 62 percent in the arterial wall strain,

the device having five contact regions generates a maxi-
mum increase of 50 percent in the arterial wall strain,

the device having six contact regions generates a maxi-
mum increase of 23 percent in the arterial wall strain, and

the device having seven contact regions generates a
maximum increase of less than 5 percent in the arterial wall
strain.



US 9,592,136 B2

19

Thus, in accordance with some applications of the present
invention, extravascular devices having three or more con-
tact regions (e.g., three to six) with the artery are placed
around the outside of the artery. The devices typically
provide contact regions and non-contact regions of the
arterial wall, as described hereinabove. The devices typi-
cally increase the strain in the arterial wall, thereby gener-
ating increased baroreceptor firing in the artery.

Reference is now made to FIG. 12, which is a schematic
illustration of a device 110 that is used to test the barore-
ceptor response of a subject to a range of intravascular
pressures, in accordance with some applications of the
present invention. For some applications, before an intra-
vascular device is inserted into a subject’s artery, the barore-
ceptor response of the subject is tested using measuring
device 110. Catheter 112 is inserted into artery 20, in which
the intravascular device will be implanted. Extendable arms
114 are extendable from the distal end of the catheter, and
are configured such that the pressure that the arms exert on
the arterial wall increases, as the portion of the arms that
extends from the catheter increases.

Extendable arms 114 are extended incrementally from the
distal end of the catheter. At each of the increments, the
subject’s blood pressure is measured in order to determine
the baroreceptor response to the pressure that the arms are
exerting on the arterial wall. On the basis of the blood
pressure measurements, it is determined which intravascular
device should be inserted into the subject’s artery, and/or
what dimensions the intravascular device should have.

For some applications, a measuring device including arms
114 or a similar measuring device is left in place in the
artery. but catheter 112 is removed before the blood pressure
measurements are taken. For example, the catheter may be
removed in order to increase blood flow through the artery,
relative to when the catheter is in place. Once it has been
determined, using the measuring device, which intravascular
device should be placed inside the artery, and/or what
dimensions the intravascular device should have, the mea-
suring device is removed from the artery and the intravas-
cular device is placed inside the artery.

For some applications, a toroid balloon is placed inside
the artery and is used as a measuring device. The balloon is
inflated incrementally such that the balloon applies varying
amounts of pressure to the arterial wall, and the subject’s
blood pressure is measured in order to measure the response
to the pressure being applied to the wall. In this manner, it
is determined which intravascular device should be used,
and/or what dimensions the intravascular device should
have. During the aforementioned measuring procedure,
blood continues to flow through the artery, via a central hole
in the toroid balloon.

For some applications, the intravascular devices described
herein are inserted to an implantation site inside or (using a
non-transvascular route) outside of the subject’s artery,
while the device is in a first configuration thereof. When the
device has been placed at the implantation site, the configu-
ration of the device is changed to a second configuration, in
which the device is effective to increase baroreceptor stimu-
lation, in accordance with the techniques described herein.
For example, the device may be made of nitinol, or another
shape memory material, and the configuration of the device
may be changed by applying an RF signal to the device. For
some applications, the device is implanted at an implanta-
tion site that is close to the subject’s skin, and the RF signal
is applied to the device via the subject’s skin.

For some applications, devices are applied to the carotid
artery of a subject who suffers from carotid sinus hypersen-
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sitivity, in order to reduce baroreceptor sensitivity of the
carotid sinus, by reducing pulsation of the artery. For
example, a device may be placed inside or outside the artery
such that the device makes contact with the artery at more
than six contact points, and/or over more than 180 degrees
of the circumference of the artery. For some applications, a
device (e.g., a stent) is placed inside or outside of the artery
such that the device makes 270-360 degrees of contact with
the artery.

Reference is now made to FIG. 13, which is a graph
showing blood pressure measured in a dog, before, during
and after the bilateral placement of intravascular devices
into the dog’s carotid sinuses, in accordance with some
applications of the present invention. Intravascular devices
which made contact with the carotid sinus at four contact
regions (the devices being generally as shown in FIGS.
7A-B) were placed in the dog’s left and right carotid sinuses.
The beginning and end of the implantation period is indi-
cated in FIG. 13 by, respectively, the left and right vertical
dashed lines at about five minutes and 153 minutes.

It may be observed that the implantation of the devices in
both sinuses resulted in the dog’s systolic blood pressure
dropping from above 120 mmHg to below 80 mmHg, and in
the dog’s diastolic blood pressure dropping from about 60
mmHg to about 40 mmHg. During the implantation proce-
dure the dog’s blood pressure rose. The inventors hypoth-
esize that the rise in blood pressure is due to catheters
blocking the flow of blood to the carotid arteries during the
implantation, resulting in reduced baroreceptor stimulation
during the implantation procedure.

Reference is now made to FIG. 14, which is a graph
showing the pressure-strain curve of an artery of a normal
subject, a hypertensive subject, and a hypertensive subject
who uses one of the devices described herein. One of the
causes of hypertension is that the arterial wall of the subject
does not experience as much strain at any given pressure, as
the arterial wall of a normal subject. Thus, the pressure-
strain curve of the hypertensive subject is flattened with
respect to that of a healthy subject and the strain response is
shifted to higher pressures.

The devices described herein increase the strain in the
arterial wall at all pressure levels within the artery. For some
applications, as shown, at increasing arterial pressures, the
absolute increase in the strain in the arterial wall caused by
the device increases, relative to the strain experienced by the
hypertensive subject before implantation of the device.
Thus, the devices described herein both shift the pressure-
strain curve of a hypertensive subject upwards and increase
the gradient of the curve. A device is typically selected such
that the subject’s pressure-strain curve, subsequent to
implantation of the device, will intersect the normal pres-
sure-strain curve at a pressure of between 80 mmHg and 240
mmHg.

The scope of the present invention includes combining the
apparatus and methods described herein with those
described in US 2008/0033501 to Gross, and/or US Patent
application Ser. No. 12/602,787 to Gross, both of which
applications are incorporated herein by reference.

It will be appreciated by persons skilled in the art that the
present invention is not limited to what has been particularly
shown and described hereinabove. Rather, the scope of the
present invention includes both combinations and subcom-
binations of the various features described hereinabove, as
well as variations and modifications thereof that are not in
the prior art, which would occur to persons skilled in the art
upon reading the foregoing description.
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The invention claimed is:

1. A method of stimulating baroreceptors to treat a disease
of a patient, the patient having a carotid artery with a wall,
the method comprising:

providing an implant having a first structure on a first end

and a second structure on a second end opposite the first
end, wherein three to five longitudinal contact regions
extend in a longitudinal direction between the first end
and the second end; and

placing the implant in the carotid artery with an expanded

configuration, wherein the three to five longitudinal
contact regions contact the wall of the carotid artery
and define three to five contact regions of the wall
alternating with three to five flat non-contact regions
around the wall, wherein the three to five contact
regions of the wall alternating with the three to five flat
non-contact regions stretch the wall of the carotid
artery sufficiently to stimulate the baroreceptors and
treat the disease.

2. The method of claim 1, wherein the three to five contact
regions of the wall alternating with the three to five flat
non-contact regions around the wall shape the wall to a
polygonal cross-sectional shape having from three to five
sides.
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3. The method of claim 1, wherein the three to five
longitudinal contact regions are spaced apart with distances
sized to increase a cross-section of the carotid artery and
flatten the non-contact regions in order to lower blood
pressure.

4. The method of claim 1, wherein the three to five contact
regions of the wall alternating with the three to five flat
non-contact regions around the wall shift a pressure-strain
curve of a hypertensive patient upwards and increase a
gradient of the pressure-strain curve.

5. The method of claim 1, wherein the three to five
longitudinal contact regions comprise from three to five
longitudinal contact regions and shape a cross-section of the
wall to a polygonal shape having from three to five sides.

6. The method of claim 1, wherein the three to five
longitudinal contact regions comprise four longitudinal con-
tact regions spaced apart to shape the wall to a cross-
sectional shape having four flat sides.

7. A method as in claim 1 further comprising:

identifying a subject as suffering from hypertension; and

in response to the identifying, placing the implant in the
carotid artery, wherein the three to five flat non-contact
regions around the wall pulsate and stimulate the
baroreceptors to treat the hypertension.
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