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WIRELESS ENDOVASCULAR STENT-BASED ELECTRODES

CROSS-REFERENCES TO RELATED APPLICATIONS

The present application claims priority from US Provisional Patent

Application 61/532,660 to Dagan, filed September 09, 2011, entitled, "Wireless

endovascular stent-based electrodes."

The present application is related to US 13/210,778 to Dagan (published as US

2012/0035679), filed August 16, 201 1, which is a continuation-in-part of US

12/957,799 to Gross (published as US 2011/0137370), filed December 01, 2010,

entitled "Thoracic aorta and vagus nerve stimulation," which is a continuation-in-part

of US 12/792,227 to Gross (published as US 2010/0305392), filed June 02, 2010,

entitled "Thoracic aorta and vagus nerve stimulation," which claims the benefit of (a)

US Provisional Patent Application 61/183,319 to Reisner, filed June 02, 2009, entitled

"Thoracic aorta and vagus nerve stimulation," and (b) US Provisional Patent

Application 61/331,453 to Dagan, filed May 05, 2010, entitled "Thoracic aorta and

vagus nerve stimulation."

All of the above-referenced applications are incorporated herein by reference.

FIELD OF EMBODIMENTS OF THE INVENTION

Some applications of the present invention generally relate to medical

apparatus. Specifically, some applications of the present invention relate to stent-

based electrodes for placement in a blood vessel.

BACKGROUND

Heart failure is a condition in which a problem with the structure or function

of the heart impairs its ability to supply sufficient blood flow to meet the body's

needs. The condition impairs quality of life and is a leading cause of hospitalizations

and mortality in the western world. Treatment of heart failure is typically aimed at

removal of precipitating causes, prevention of deterioration in cardiac function, and

control of congestive state.

Hypertension, or chronic high blood pressure, is an extremely prevalent

medical condition, which can lead to strokes, heart attacks, and heart failure. There



are a variety of treatments that are available for treating hypertension, including

lifestyle changes, and medication.



SUMMARY OF EMBODIMENTS

For some applications of the present invention, a stent is placed in a blood

vessel. The stent defines at least first, second, and third strut portions disposed along

the stent. The first and second strut portions are coupled to one another at a first

junction that facilitates bending of the first and second strut portions with respect to

one another, and the second and third strut portions are coupled to one another at a

second junction that facilitates bending of the second and third strut portions with

respect to one another. At least one electrode (typically, at least one pair of

electrodes) is disposed on at least an outer surface of the stent. Typically, a current is

driven into the blood vessel wall via the electrode.

Typically, the stent is inserted into the blood vessel via a delivery system,

such as a catheter. For some applications, the junctions of the stent are configured to

cause at least a portion of the outer surface of the stent to assume a convex profile

upon protruding from catheter. For some applications, causing the outer surface of

the stent to assume the convex profile reduces damage to the vessel wall that could be

caused by the distal end of the stent contacting the vessel wall, relative to if the stent

were to assume a straight profile upon protruding from the catheter. For some

applications, the assumption of the convex profile by the outer surface of the stent

brings the electrodes into contact with the vessel wall. For some applications, the

junctions of the stent are configured to facilitate retrieval of the stent into the catheter.

It is noted that in the context of the present application, the terms "proximal"

and "distal" are to be understood to be with respect to an access point of the stent into

the subject's body. Thus, the distal end of the stent is the end of the stent that is

further from the access point, and the proximal end of the stent is the end of the stent

that is closest to the access point.

For some applications, the stent defines a stent body, and a plurality of posts

that protrude longitudinally from a distal end of the stent body. An antenna is

disposed annularly on distal portions of the posts, such that the posts separate the stent

from the antenna. Typically, the stent electrode is powered via an inductive current

that is generated in the antenna. Further typically, the posts, by separating the antenna

from the stent body, facilitate an efficient transfer of electrical power to the antenna



by reducing an inductive current that may be generated through the stent body and

that may interfere with the inductive current in the antenna.

For some applications of the present invention, a stent is configured to be

placed inside a subject's blood vessel (e.g., the subject's aorta, pulmonary artery,

carotid artery, and/or renal artery), the stent being shaped to define at least one post.

At least one coiled electrode is configured to be coupled to the stent by being placed

on the post. An electrode-fixation member (e.g., a cap) is configured to fixedly

couple the electrode to the post by being placed on the post.

There is therefore provided, in accordance with some applications of the

present invention, apparatus for use with a blood vessel of a subject, including:

a stent configured to be placed in the blood vessel, the stent including:

at least first, second, and third strut portions disposed along the stent,

the first and second strut portions being coupled to one another at a

first junction that facilitates bending of the first and second strut portions with

respect to one another, and

the second and third strut portions being coupled to one another at a

second junction that facilitates bending of the second and third strut portions

with respect to one another; and

at least one electrode disposed on at least an outer surface of the stent.

For some applications, the strut portions include portions of the stent that

provide resistance against longitudinal compression of the stent, that permit radial

compression of the stent, and that are less compliant than the junctions of the stent.

For some applications, the junctions include springs.

For some applications, the strut portions include struts that are made from a

material selected from the group consisting of: a metal and an alloy, and the junctions

include longitudinal locations along the stent body at which the struts of the stent are

shaped such as to facilitate bending of the stent at those locations.

For some applications, the junctions are configured to act as joints around

which the strut portions flex.



For some applications, the stent includes a fourth strut portion, the fourth strut

portion being coupled to the third strut portion at a third junction that facilitates

bending of the third and fourth strut portions with respect to one another.

For some applications, the blood vessel includes a curved blood vessel, and the

junctions of the stent are configured to facilitate placing of the stent in the curved

blood vessel, by facilitating bending of the strut portions of the stent with respect to

one another.

For some applications, the stent is for use with a catheter, the stent is

configured to be placed inside the blood vessel by being advanced out of a distal end

of the catheter, and the junctions of the stent are configured to cause at least a portion

of an outer surface of the stent to assume a convex profile upon protruding from

catheter.

For some applications, the electrode is disposed on an outer surface of the

stent, and, by causing at least the portion of the outer surface of the stent to assume

the convex profile upon protruding from catheter, the junctions of the stent are

configured to bring the electrode into contact with a wall of the blood vessel.

For some applications, by causing at least the portion of the outer surface of

the stent to assume the convex profile upon protruding from catheter, the junctions of

the stent are configured to cause an angle that the outer surface of the stent makes

with a wall of the blood vessel, as the stent protrudes from the catheter, to be ess than

if the stent were to assume a straight profile upon protruding from the catheter.

For some applications, by causing the angle that the outer surface of the stent

makes with a wall of the blood vessel as the stent protrudes from the catheter, to be

less than if the stent were to assume a straight profile upon protruding from the

catheter, the junctions are configured to reduce damage to the blood vessel wall.

For some applications, the stent is for use with a catheter, the stent is

configured to be partially deployed inside the blood vessel by a distal portion of the

stent being advanced out of a distal end of the catheter, and the junctions of the stent

are configured, subsequent to the partial deployment of the stent, to facilitate retrieval

of the stent into the catheter.



For some applications, the first junction of the stent is configured to facilitate

retrieval of the stent into the catheter by allowing the first strut portion of the stent to

radially expand, while the second strut portion remains substantially compressed

inside the catheter.

For some applications, the second junction of the stent is configured to

facilitate retrieval of the stent into the catheter by allowing the second strut portion of

the stent to radially expand, while the third stmt portion remains substantially

compressed inside the catheter.

For some applications, the strut portions include struts that are made from a

material selected from the group consisting of: a metal and an alloy, and the junctions

include waved strips of the selected material.

For some applications, at least the first junction includes a waved strip of the

selected material, the strip having a width of more than 0.1 mm.

For some applications, the strip has a width of less than 1 mm.

There is further provided, in accordance with some applications of the present

invention, apparatus for use with a blood vessel of a subject, including:

a stent configured to be placed in the blood vessel, the stent including:

a generally cylindrical stent body;

a plurality of posts protruding longitudinally from an end of the stent

body;

an antenna disposed annularly on the posts, such that the posts separate

the antenna from the end of the stent body.

For some applications, the apparatus further includes at least one coiled

electrode, the coiled electrode being configured to be coupled to the stent by being

placed on one of the posts.

For some applications, a length of each of the posts is greater than 1mm.

For some applications, the length of each of the posts is greater than 5 mm.

For some applications, a length of each of the posts is less than 20 mm.

For some applications, the length of each of the posts is less than mm.



For some applications, the antenna is configured to receive power by RF

energy being transmitted toward the antenna, such as to generate an inductive current

through the antenna.

For some applications, the posts are configured, by separating the antenna

from the end of the stent body, to reduce a strength of the inductive current that is

generated in the stent body, due to a magnetic field that is generated by the inductive

current of the antenna.

For some applications, the posts are configured to provide electrical resistance,

such that a current from the antenna to the stent body is negligible.

For some applications, the apparatus further includes a control capsule coupled

to the stent, the control capsule being configured to be powered using the inductive

current of the antenna.

For some applications, the apparatus further includes an electrode coupled to

the stent, the control capsule being configured to drive a current into the blood vessel,

via the electrode.

For some applications, the apparatus further includes an electrode coupled to

the stent, the control capsule being configured to receive an electrical parameter of the

blood vessel, via the electrode.

There is additionally provided, in accordance with some applications of the

present invention, apparatus for use with a blood vessel of a subject, including:

an annular antenna configured to be placed inside the blood vessel such that

radial expansion of the antenna is limited by a circumference of the blood vessel;

a transmitter configured to generate an inductive current in the antenna, by

transmitting RF energy toward the antenna; and

a control unit configured to measure the inductive current in the antenna and,

in response thereto, to determine a physiological parameter of the subject.

For some applications, the annular antenna includes at least a portion of a

stent.

For some applications, the apparatus further includes a stent, the antenna being

coupled to the stent.



For some applications, the control unit is configured to determine the

physiological parameter of the subject by determining a parameter of the subject

selected from the group consisting of: cardiac rate, respiratory rate, blood pressure,

and blood vessel pulsation.

For some applications, the control unit is configured to determine the

physiological parameter of the subject by interpreting variations in the inductive

current that are measured at the antenna as being caused by variations in geometry of

the antenna over the course of the subject's cardiac cycle.

For some applications, the control unit is configured to determine the

physiological parameter of the subject by determining a respiratory cycle of the

subject by analyzing an envelope of a variation of the inductive current with time.

For some applications, the transmitter is configured to transmit the RF energy

at a frequency of more than 50 kHz.

For some applications, the transmitter is configured to transmit the RF energy

at a frequency of more than 90 kHz.

For some applications, the transmitter is configured to transmit the RF energy

at a frequency of less than 100 MHz.

For some applications, the transmitter is configured to transmit the RF energy

at a frequency of more than 60 MHz.

There is further provided, in accordance with some applications of the present

invention, a method for use with a blood vessel of a subject, including:

providing:

a stent that includes:

at least first, second, and third strut portions disposed along the

stent,

the first and second strut portions being coupled to one another

at a first junction that facilitates bending of the first and second strut

portions with respect to one another, and

the second and third strut portions being coupled to one another

at a second junction that facilitates bending of the second and third

strut portions with respect to one another; and



at least one electrode disposed on at least an outer surface of

the stent; and

placing the stent and the electrode inside the blood vessel.

There is further provided, in accordance with some applications of the present

invention, a method for use with a blood vessel of a subject, including:

providing a stent that includes:

a generally cylindrical stent body;

a plurality of posts longitudinally protruding from an end of the stent

body;

an antenna disposed annularly on the posts, such that the posts separate

the antenna from the end of the stent body; and

placing the stent inside the blood vessel.

There is additionally provided, in accordance with some applications of the

present invention, a method for use with a blood vessel of a subject, comprising:

placing into the blood vessel:

a stent having a generally cylindrical stent body;

at least one electrode that is coupled to the stent body; and

an antenna that is coupled to the stent body,

the placing being performed such that the antenna is separated from the

stent body; and

operating a transmitter:

to generate an inductive current through the antenna by transmitting

R energy toward the antenna; and

using the inductive current, to drive a current into the blood vessel via

the electrode

For some applications, placing the stent and the antenna into the blood vessel

includes reducing a strength of the inductive current that is generated in the stent

body, due to a magnetic field that is generated by the antenna, by placing the stent and

the antenna such that the antenna is separated from the stent body.



For some applications, placing the stent and the antenna into the blood vessel

includes placing the stent and the antenna into the blood vessel such that the stent

body is separated from the antenna by a distance that is greater than 1 mm.

For some applications, placing the stent and the antenna into the blood vessel

includes placing the stent and the antenna into the blood vessel such that the stent

body is separated from the antenna by a distance that is greater than 5 mm.

For some applications, placing the stent and the antenna into the blood vessel

includes placing the stent and the antenna into the blood vessel such that the stent

body is separated from the antenna by a distance that is less than 20 mm.

For some applications, placing the stent and the antenna into the blood vessel

includes placing the stent and the antenna into the blood vessel such that the stent

body is separated from the antenna by a distance that is less than 1 mm.

There is further provided, in accordance with some applications of the present

invention, a method for use with an annular antenna that has been placed in a blood

vessel and allowed to expand radially, such that radial expansion of the antenna is

limited by circumference of the blood vessel, the method comprising:

generating an inductive current in the antenna, by transmitting RF energy

toward the antenna;

measuring the inductive current in the antenna; and

in response thereto, determining a physiological parameter of the subject.

There is further provided, in accordance with some applications of the present

invention, apparatus, including:

a stent shaped to define struts and at least one post;

a coiled electrode configured to be coupled to the stent by being placed on the

post; and

an electrode-fixation member configured to fixedly couple the coiled electrode

to the post by being placed on the post.

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 schematic illustrations of a stent placed inside a subject's aorta,

electrodes being disposed on the stent, in accordance with some applications of the

present invention;

Figs. 2A-C are schematic illustrations of a stent, in accordance with respective

applications of the present invention;

Fig. 3A is a schematic illustration of a post of a stent, in accordance with some

applications of the present invention;

Fig. 3B is a schematic illustration of a coiled electrode disposed on a post of a

stent, in accordance with some applications of the present invention;

Fig. 4 is a schematic illustration of an electrode configured to be coupled to a

stent, in accordance with some applications of the present invention;

Fig. 5 is a schematic illustration of a mechanism for facilitating coupling of an

electrode to a stent, in accordance with some applications of the present invention;

Figs. 6A-B are schematic illustrations of a stent that defines a stent body with

posts protruding from a distal end of the stent body, in accordance with some

applications of the present invention;

Figs. 7A-B are schematic illustrations of a stent that defines a stent body with

posts protruding from a distal end of the stent body, in accordance with some

additional applications of the present invention;

Figs. 7C-D are schematic illustrations of a barb of a stent, in accordance with

some applications of the present invention;

Fig. 7E is a schematic illustration of a stent that defines a stent body with posts

protruding from a distal end of the stent body, in accordance with some additional

applications of the present invention;

Figs. 8A-B are schematic illustrations of a construction for coupling a coiled

electrode to a post of a stent, in accordance with some applications of the present

invention;



Figs. 9A-E are schematic illustration of respective steps of the opening of a

stent that defines two junctions, i accordance with some applications of the present

invention;

Figs. 10A-E are schematic illustration of respective steps of the opening of a

stent that defines three junctions, in accordance with some applications of the present

invention;

Fig. 1 is a graph showing experimental results that demonstrate a correlation

between the vai iation with time of an inductive voltage that was measured in an

antenna, and a component of the subject's blood pressure signal that relates the

subject's cardiac cycle, in accordance with some applications of the present invention;

and

Fig. 12 is a graph showing experimental results that demonstrate a correlation

between the variation with time of the inductive voltage that was measured in the

antenna, and a component of the subject's blood pressure signal that relates the

subject's respiratory cycle, in accordance with some applications of the present

invention.



DETAILED DESCRIPTION OF EMBODIMENTS

Reference is now made to Fig. 1, which is a schematic illustration of a stent 20

placed inside a subject's blood vessel , at least one electrode 22 (Fig. 2A), and

typically, a plurality of electrodes, being disposed on the stent, in accordance with

so e applications of the present invention. Reference is also made to Fig. 2A, which

is a schematic illustration of the stent in the absence of the subject's anatomy, in

accordance with some applications of the present invention.

It is noted that Fig. 1 shows stent 20 disposed inside the subject's aorta.

However, the scope of the present invention includes placing the stent in any blood

vessel of the subject, e.g., the subject's carotid artery, pulmonary artery, and/or renal

artery. For example, the stent may be placed in the renal artery, in order to treat renal

dysfunction, and/or in the pulmonary artery, in order to treat pulmonary hypertension.

Alternatively or additionally, the stent may be placed in the pulmonary artery and/or

the carotid artery in order to be used for vagal stimulation (e.g., vasovagal

stimulation), for example, in order to treat gastroesophageal reflux disease (GERD).

Similarly, although Fig. 1 shows a portion of the stent disposed in the aortic arch, and

a portion of the stent disposed in the descending aorta, the scope of the present

invention includes placing the stent at any location within the aorta, such as in the

ascending aorta, the descending aorta, the aortic arch, or a combination thereof.

For some applications, electrodes 22 are placed in contact with an aortic site,

which is typically as described in US 13/210,778 (published as US 2012/0035679),

US 12/957,799 to Gross (published as US 201 1/0137370), and/or US 12/792,227 to

Gross (published as US 2010/0305392), all of which applications are incorporated

herein by reference. Thus, the aortic site is typically between the bifurcation of the

aorta with the left subclavian artery and the bifurcation of the aorta with the fifth

intercostal artery. Further typically, the aortic site is between the bifurcation of the

aorta with the left subclavian artery and the bifurcation of the aorta with the fourth

intercostal artery, e.g., between the bifurcation of the aorta with the left subclavian

artery and the bifurcation of the aorta with the first intercostal artery. For some

applications, the aortic site is between the bifurcations of the aorta with the first and

fifth intercostal arteries.



For some applications, a current is driven into the subject's aorta, e.g., in order

to treat the subject for a condition such as congestive heart failure, diastolic heart

failure, and/or hypertension, e.g., as described in as described in US 13/210,778

(published as US 2012/0035679), US 12/957,799 to Gross (published as US

201 1/0137370), and/or US 12/792,227 to Gross (published as US 2010/0305392), all

of which applications are incorporated herein by reference. For some applications, the

subject's cardiac cycle is determined by detecting an electrical signal from the

subject's aorta, via electrodes 22, and deriving the subject's ECG and/or blood

pressure from the electrical signal detected at the aorta, e.g., in accordance with

techniques described in US 12/792,227 to Gross (published as US 2010/0305392).

For some applications, electrical stimulation is applied to the aorta in coordination

with the subject's cardiac cycle, based upon the electrical signal detected at the aorta.

For some applications, electrodes are placed at a different location (e.g., a

different location within the aorta, or within a different blood vessel of the subject, as

described hereinabove), and a current is driven into the different location via the

electrodes, or an electrical signal is detected from the different location via the

electrodes. For example, a current may be driven into the different location in order

to treat the subject for congestive heart failure, and/or hypertension.

Typically, the compliance of stent 20 varies along the length of the stent. For

some applications, the compliance of the stent varies along the length of the stent in a

manner that conforms with local stresses exerted on the stent by collagen fibers of the

blood vessel. For some applications, the compliance of the stent varies along the

length of the stent in a manner that facilitates placement of the stent in a curved blood

vessel, the stent being configured to conform with the local shape of the blood vessel.

Typically, stent 20 includes a plurality of strut portions along the length of the

stent, and the strut portions are coupled to each other at junctions 37, for example,

junctions that include springs 38. Typically, the compliance of the stent at the

junctions is greater than the compliance of the stent at the strut portions. For some

applications, the stent is configured to be placed in a curved blood vessel. For some

applications, the compliance of the stent at the junctions facilitates curvature of the

stent that conforms with the curvature of the blood vessel. For example, the

compliance of the stent at the junctions may facilitate curvature of the stent such that



local longitudinal axes of respective strut portions of the stent are aligned with local

longitudinal axes of a curved blood vessel. For some applications, the compliance of

the stent at the junctions provides flexibility to the stent while the stent is being

advanced through a delivery system (such as a catheter).

For example, with reference to Fig. 2A, in order to facilitate placement of

electrodes 22 at an aortic site as described hereinabove, a first strut portion 32 (e.g., a

first row of struts) of stent 20 is placed at the aortic arch, and a second strut portion 34

(e.g., a second row of struts) of the stent is placed in the descending aorta.

Alternatively, the second portion is placed in a portion of the aortic arch that is

downstream of the aortic arch with respect to the first portion. Upon placement of the

first and second portions within the aorta as described, the local longitudinal axis of

the first portion of the stent is disposed at an angle from that of the second portion of

the stent. As described hereinabove, in order to facilitate placement of the stent such

that the positions of the first and second portions of the stent are as described, the

stent defines a junction 37A, e.g., a junction that include springs 38, configured to

facilitate bending of the stent, between the first and second portions of the stent.

Thus, the junctions act as joints that facilitate bending of the strut portions with

respect to one another about the joints. For some applications, the stent defines

additional junctions, e.g., additional springs, between other portions of the stent. For

example (as shown in Fig. 2), the stent may define a third strut portion 36 (e.g., a third

row of struts) configured to be placed downstream of the second portion, a control

capsule 30 being coupled to the third portion. Springs 38 disposed at junction 37B,

between the second and third strut portions of the stent, facilitate bending of the stent

between the second and third portions. Thus, springs 38, disposed between the

second and third strut portions of the stent, act as a joint that facilitates bending

between the second and third strut portions.

It is noted that in the context of the present application, the term "spring"

should not necessarily be understood to be limited to denoting an object having a

particular shape. Rather, the term "spring" should be understood to denote a portion

of the stent that stores potential energy when it is bent and releases it when the

restraining force is removed. It is further noted that, in Fig. 2A, the junctions at which

the strut portions of stent 20 are connected to one another are shown as being formed

as waved strips that act as springs. However, the scope of the present inventions



includes using other elements at the junctions, in order to facilitate bending of the

strut portions with respect to one another. For example, the struts of the stent at the

junctions may be shaped such that the compliance of the stent at the junctions is

greater than the compliance of the stent at the strut portions, as described hereinbelow

with reference to Fig. 7E. Alternatively or additionally, the junctions may be shaped

as joints at which pairs of struts of the stent are coupled to each other by sinusoidally

shaped strips, such as junction 37B of stent 20 as shown in Fig. 2C.

Stent 20 is typically configured to be placed inside the blood vessel (e.g., the

aorta) percutaneously using a delivery system, e.g., using a 12 Fr - 20 Fr catheter

(e.g., a 16 Fr catheter). Typically, upon being placed inside the blood vessel, the stent

is partially deployed, such that (a) electrodes 22 contact the wa l of the blood vessel at

a given location within the blood vessel, and (b) a proximal portion of the stent is

disposed inside the catheter, such that the stent may be retrieved into the catheter.

The response of the subject to electrical stimulation of the blood vessel at the current

location of the electrodes within the blood vessel is determined. In response thereto,

the stent is (a) fully deployed at the current location of the stent (b) retrieved into the

catheter and redeployed at a different location within the blood vessel, or (c) retrieved

into the catheter and removed from the subject's body (e.g., if the subject does not

respond in a suitable manner to electrical stimulation of the blood vessel at any

locations at which the stent is deployed). For some applications, the junctions of the

stent facilitate the partial deployment of the stent such that (a) electrodes 22 contact

the wall of the blood vessel at a given location within the blood vessel, and (b) a

proximal portion of the stent is disposed inside the catheter, such that the stent may be

retrieved into the catheter, as described in further detail below with reference to Figs.

and 10A-E.

Typically, the compliance of stent 20 is such that pulsation of the blood vessel

is substantially maintained upon the stent being deployed inside the blood vessel.

Further typically, the stent and components coupled thereto (such as control capsule

30) are shaped such as to substantially maintain blood flow through the blood vessel

upon deployment of the stent inside the blood vessel.

For some applications, stent 20 is cut from a nitinol tube (or a tube made from

a different material, such as stainless steel) having a wall thickness of more than 0.3



mm (e.g., more than 0.4 mm), and/or less than 0.7 mm (e.g., less than 0.6 mm). For

some applications the length of the stent is more than 25 mm (e.g., more than 30 mm),

and/or less than 100 mm (e.g., less than 40 mm). For some applications, the stent has

an outer diameter of more than 10 mm (e.g., more than 5 mm), and/or less than 35

mm (e.g., less than 25 mm). Typically, the stent has a crimped profile of less than 1

Fr (e.g., 12 Fr or less), and/or more than 8 Fr (e.g., 10 Fr or more).

For some applications, a transmitter 24 (Fig. 1) is placed in a vein 26 that is in

the vicinity of the blood vessel in which the stent is placed, e.g., in accordance with

techniques described in US 12/957,799 to Gross (published as US 201 1/0137370),

which is incorporated herein by reference. A signal and or power is typically

transmitted to the electrodes by the transmitter that drives the electrodes to drive a

current into the subject's blood vessel. An antenna 28 that is disposed on stent 20

receives the signal, and control capsule 30 that is disposed on the stent drives the

electrodes to drive the current into the blood vessel, in response to the antenna

receiving the signal. For some applications, a different type of transmitter from

transmitter 24, shown in Fig. 1, is used to transmit a signal and/or power toward

antenna 28.

For some applications, one or more portions of stent 20 function as antenna

28. For example, the stent may be cut from a nitinol tube and a portion of the tube

functions as the antenna. Alternatively, an antenna may be coupled to the stent, e.g.,

using techniques described herein. For some applications, the diameter of the blood

vessel at the antenna and/or hemodynamic parameters are measured using the

antenna, as described in further detail hereinbelow, with reference to Figs. 1-12.

For some applications, capsule 30 is coupled to the stent mechanically, e.g.,

using a locking mechanism, adhesive (e.g., epoxy), suturing, and/or by pressing the

capsule against struts of the stent, such that the capsule becomes coupled to the stent

by deforming to conform with the shape of the stent struts. For some applications, the

capsule is coupled to a fabric sleeve (e.g., by being printed onto the sleeve) and the

sleeve is coupled (e.g., sutured) to the stent, e.g., as described hereinbelow.

For some applications, a control unit for driving electrode 22 is disposed in a

subcutaneously implanted housing 50. The control unit is coupled, via a lead 52 to

transmitter 24 (e.g., a transmitting coil, as shown) that is implanted in vein 26 that is



in the vicinity of the blood vessel (e.g., the aorta). For example, the transmitter may

be placed in the innominate vein (also called the left brachiocephalic vein), placement

of the transmitter in the innominate vein being performed via the left subclavian vein.

The control unit wirelessly drives the electrodes, receives a signal from the electrode,

and/or powers circuitry associated with the electrode (e.g., circuitry of control capsule

30) by transmitting a wireless signal to antenna , via transmitter 24. Typically, the

transmitter is placed inside the vein such that it is at a distance from the intra-arterial

electrodes of more than 2 cm and/or less than 5 cm (e.g., 2-5 cm), or more than 5 cm

and/or less than 20 cm (e.g., 5-20 cm). For example, the transmitter may be placed in

the pulmonary vein, innominate vein, vena cava, jugular vein, and/or subclavian vein.

For some applications, housing 50 which houses the control unit is implanted

(e.g., implanted subcutaneous ly) in the vicinity of electrode 22, e.g., within 10 cm of

the electrode. For some applications, housing 50 is disposed on a chest belt that is

worn on the subject's chest, such that the housing is outside the subject's body, but

within 15 cm of the electrode. The control unit wirelessly drives the electrode,

receives a signal from the electrode, and/or powers circuitry associated with the

electrode (e.g., circuitry of control capsule 30), by transmitting a wireless signal to

antenna 28.

For some applications, the control unit is disposed inside housing 50 and is

implanted subcutaneously inside the subject, as described hereinabove. Parameters of

the control unit may be adjusted by transmitting a signal to the control unit from

outside the subject's body. Alternatively or additionally, electrical power may be

supplied to the subcutaneously implanted control unit, by transmitting a signal to the

control unit from outside the subject's body.

For some applications, transmitter 24 is mounted on a support structure (such

as a nitinol ring) in order to orient the transmitter in a suitable orientation for

transmitting a signal to antenna 28, which is coupled to the electrode. For example,

the transmitter may include a coil that is mounted on the support structure such that a

plane that is defined by the coil is at an angle of greater than 10 degrees from a plane

that is perpendicular to the local longitudinal axis of the vein in which the transmitter

is placed. Alternatively, the transmitter coil is oriented with respect to the support



structure such that the plane defined by the coil is generally perpendicular to the local

longitudinal axis of the vein.

For some applications, transmitter coil 24 is placed inside the vein such that

the plane defined by the coil is at an angle of greater than 10 degrees from a plane that

is perpendicular to the local longitudinal axis of the vein, without mounting the coil

on a support structure. Alternatively, the coil is placed inside the vein such that the

plane defined by the coil is generally perpendicular to the local longitudinal axis of

the vein, without mounting the coil on a support structure. Typically, the transmitter

coil is placed in the vein (by being mounted on a support structure, or not by being

mounted on a support structure) such that the plane defined by the transmitter coil is

generally perpendicular to the plane defined by antenna 28, which is placed in the

subject's artery.

Reference is now made to Figs. 2B-C, which are schematic illustrations of

stent 20, in accordance with respective applications of the present invention.

Figs. 2B-C are schematic illustrations of respective stents that define three

junctions 37, in accordance with respective applications of the present invention. The

stents shown in Figs. 2B and Fig. 2C differ from one another in that (a) springs 38 of

second junction 37B of the spring shown in Fig. 2C are a different shape from the

springs of the second junction of the stent shown in Fig. 2B, and (b) the shapes of the

struts of the strut portions of the respective stents are different. In all other aspects,

the stents shown in Figs. 2B and 2C are generally similar to one another.

Stent 20 as shown in Figs. 2B and 2C includes first strut portion 32 and second

strut portion 34 that are coupled to one another at first junction 37A, the first junction

being configured to facilitate bending of the first strut portion with respect to the

second strut portion, such that the local longitudinal axis of the first strut portion of

the stent may be disposed at an angle from that of the second strut portion of the stent.

The stent additionally includes third strut portion 36 coupled to second strut portion at

second junction 37B, the second junction being configured to facilitate bending of the

second strut portion with respect to the third strut portion, such that the local

longitudinal axis of the second strut portion of the stent may be disposed at an angle

from that of the third strut portion of the stent. The stent further includes fourth strut

portion 39 coupled to third strut portion at third junction 37C, the third junction being



configured to facilitate bending of the third strut portion with respect to the second

strut portion, such that the local longitudinal axis of the third strut portion of the stent

may be disposed at an angle from that of the fourth strut portion of the stent.

For some applications, the first, second and third junctions of the stent

facilitate the partial deployment of the stent such that (a) electrodes 22 contact the

wall of the blood vessel at a given location within the blood vessel, and (b) a proximal

portion of the stent is disposed inside the catheter, such that the stent may be retrieved

into the catheter, as described in further detail below with reference to Figs. 10A-E.

Stent 20 as shown in Figs. 2B-C is generally similar to stent 20 as shown in Fig. 2A

except that (a) stent 20 as shown in Figs. 2B-C defines an additional strut portion, and

a corresponding additional junction as compared with stent 20 of Fig. 2A, and (b)

stent 20 as shown in Figs. 2B-C only has posts 64 (to which coiled electrodes 22 are

couplable) on the first strut portion of the stent, whereas stent 20 as shown in Fig. 2A

has posts 64 coupled to the first and second strut portions.

It is noted that for some applications, a stent having more than three junctions

(and correspondingly, more than four strut portions) is used. Typically, the number of

junctions that the stent defines increases as the length of the stent increases. For some

applications, the length of the stent that is used increases as the diameter of the vessel

in which the stent is to be placed increases, in order to facilitate greater radial

expansion of the distal end of the stent during partial deployment of the stent. In

addition, the length of the stent that is used increases as the curvature of the vessel in

which the stent is to be placed increases, in order to facilitate greater radial expansion

of the distal end of the stent during partial deployment of the stent. In a curved vessel,

it may be necessary to radially expand the stent to a greater diameter than is necessary

in a similar sized straight vessel, in order to bring the electrodes into contact with a

portion of the vessel wall that is curving away from the distal end of the delivery

system. Furthermore, in a curved vessel, the distal end of the delivery system (e.g.,

the catheter), via which the stent is inserted, is typically disposed closer to the wall on

one side of the vessel, and is not disposed in the center of the vessel, due to the

delivery system distal end (e.g., the catheter tip) typically being substantially straight,

and the vessel being curved. Therefore, in a curved vessel, it may be necessary to

radially expand the stent to a greater diameter than is necessary in a similar sized



straight vessel, in order to bring the electrodes into contact with the wal that is further

from the distal end of the delivery system.

As shown in Fig. 2C, stent 20 typically defines coupling elements 4 1 (e.g.,

holes) for facilitating coupling of control capsule 30 to the stent. Although in Fig. 2C,

the coupling elements are shown as being disposed on the proximal half of the stent,

for some applications, the coupling elements are disposed on the distal half of the

stent, e.g., as shown in Fig. 7A.

Reference is now made to Fig. 3A, which is a schematic illustration of a post

64 that is defined by stent 20, in accordance with some applications of the present

invention. Reference is also made to Fig. 3B, which is a schematic illustration of

electrode 22 coupled to stent 20 by being placed on post 64, in accordance with some

applications of the present invention. For some applications electrode 22 is a coiled

electrode. Typically, the coiled electrode is disposed on an insulation tube 60, as

shown in Fig. 3B. For example, the electrode may be coupled to the insulation tube,

using adhesive, e.g., using ultraviolet (UV) (e.g., UV tape), or using adhesive, such as

an epoxy adhesive. For some applications, stent 20 is shaped to define at least one

post 64, as shown in Fig. 3A. The coiled electrode (typically coupled to the insulation

tube) is coupled to the stent by being placed on the post. For some applications, the

post is coupled to the stent at an intersection of two struts 65 of the stent, and the post

protrudes radially outwardly from the stent with respect to the struts, in order to

facilitate contact between the electrode and the subject's blood vessel, upon placement

of the stent inside the blood vessel. For example, the post may be disposed at an

angle of more than 5 degrees with respect to a plane defined by the struts at the

intersection of which the post is coupled. Alternatively, the post does not protrude

radially outwardly from the stent with respect to the struts. Typically, the electrode is

fixedly coupled to the post by an electrode-fixation member, for example, by placing

a cap 66 on the post, such as to hold the electrode on the post. For some applications,

the cap is fixedly coupled to the post, e.g., using UV, or using adhesive, such as an

epoxy adhesive. For some applications, posts that are electrical insulators protrude

from a distal end of the stent body, and a coiled electrode is coupled to the posts, as

described in further detail hereinbelow.



For some applications, one or more posts 64 are defined by first strut portion

32 of stent 20, the first strut portion being configured to be placed in the subject's

aortic arch, for example, as shown in Figs. 2A-C. Alternatively or additionally, one or

more posts 64 are defined by second portion 34 of the stent, which is placed

downstream of the aorta with respect to the first portion of the stent, for example, as

shown in Fig. 2A. Coiled electrodes are coupled to posts 64, e.g., as described

hereinabove. For some applications, the second strut portion of the stent is placed in

the descending aorta, or in a portion of the aortic arch that is downstream of the aortic

arch with respect to the first portion, and coiled electrodes are disposed on posts

defined by the second strut portion.

Reference is now made to Fig. 4, which is a schematic illustration of electrode

22 coupled to a strut 65 of stent 20, in accordance with some applications of the

present invention. For some applications, electrode 22 is mechanically coupled to

strut 65 of stent 20. Alternatively or additionally, electrode 22 is coupled to post 64

(shown in Fig. 3A) of the stent. Typically, the electrode is disposed on an inner

insulation tube 72. An outer insulation tube 73 is disposed over the electrode such as

to insulate a first area of the electrode and such that a second area 74 of the electrode

is exposed by the outer insulation tube. The second area of the electrode functions as

the active area of the electrode.

Reference is now made to Fig. 5, which is a schematic illustration of a

mechanism 80 for facilitating coupling of electrode 22 to stent 20, in accordance with

some applications of the present invention. For some applications, as shown, at an

intersection 82 at which two struts 65 meet, the struts are separable from one another.

A coiled electrode (e.g., as described hereinabove) is placed on one of the struts by

separating the struts from one another and sliding the coiled electrode onto the strut.

Subsequently, the struts are fixedly coupled to one another at the intersection, such as

to fixedly couple the electrode to the strut. For example, the struts are coupled to one

another by using laser welding, and/or sutures.

For some applications, stent 20 includes first, second, third, and fourth strut

portions, and, correspondingly three junctions 37A, 37B, and 37C, e.g., as described

herein with reference to Figs. 2B-C, 6A-B, and 7E of the present application. For

some applications, stent 20 includes first, second, and third strut portions, and,



correspondingly two junctions 37A, and 37B, e.g., as shown in Fig. 2A and in Figs.

7A-B of the present application. Alternatively, the stent may define first and second

strut portions 32 and 34 that are coupled to each other at a single junction 37A, but

may not include a third strut portion coupled to the second portion via springs

(embodiment not shown).

For some applications, both first and second strut portions of the stent define

posts, to which coiled electrodes 22 are couplable, e.g., as shown in Fig. 2A of the

present application. Alternatively, only the first portion (i.e., the upstream-most, i.e.,

the distal-most portion) of the stent defines posts, to which coiled electrodes 22 are

couplable, e.g., as shown in Figs. 2B-C, 6A-B, 7A-B, and 7E of the present

application.

In accordance with respective applications, a single antenna 28 is coupled to

the stent (as shown in Figs. 2A-B, and Fig. 6B of the present application), or a

plurality of antennas (e.g., two antennas) are coupled to the stent (embodiment not

shown).

In general, the scope of the present invention includes stents having any

number of strut portions coupled to each other at junctions (e.g., via springs), and any

number of antennas, posts for supporting electrodes, and/or electrodes (e.g., coiled

electrodes, as shown in Fig. 3B and Fig. 8A-B, or electrodes as shown in Fig. 4)

coupled to the stent at any location on the stent, as would be obvious to one skilled in

the art based upon the present disclosure, mutatis mutandis. The scope of the

invention further includes stents having strut portions having sets of rings, such as sets

of two to ten rings, e.g., two to six rings. In general, the term "strut portions" should

be interpreted as meaning portions of the stent that provide resistance against

longitudinal compression of the stent, that permit radial compression of the stent, that

permit transverse flexibility of the stent, and that are less compliant than the junctions

of the stent.

For some applications, one or more components are coupled to stent 20, by

coupling the components to a cuff (e.g., by printing the components on the cuff, by

adhering the components to the cuff using adhesive, and/or by suturing the

components to the cuff) and coupling the cuff to the stent (e.g., by suturing the cuff to

the stent, or adhering the cuff the stent using adhesive), e.g., as described in US



Provisional Patent Application 61/532,660 to Dagan, which is incorporated herein by

reference. For example, antenna 28, electrodes 22, and/or capsule 30 may be coupled

to the stent in the aforementioned manner. For some applications, a cuff is used that

is configured to be coupled to the stent along substantially the entire length of the

stent. Alternatively, a cuff such is used that is configured to be coupled to a portion of

the length of the stent, e.g., first strut portion 32 of the stent.

Reference is now made to Figs. 6A-B, which are schematic illustrations of

stent 20, stent 20 defining a stent body 90 with posts 92 protruding longitudinally

from a distal end of the stent body, in accordance with some applications of the

present invention. Fig. 6A shows the stent and posts without the electrical

components of the stent (such as electrodes 22, antenna 28 or capsule 30) disposed on

the stent, and Fig. 6B shows the stent and posts with the aforementioned electrical

components disposed thereon. As shown in Fig. 6B, antenna 28 is disposed annularly

on distal portions of the posts, e.g., by being threaded through holes 94 defined by the

distal portions of the posts. Thus, the posts longitudinally separate the antenna from

the distal end of the stent body (e.g., from the distal-most closed loop of struts of the

stent body).

For some applications, the posts at least partially electrically insulate the

antenna from the stent body, due to electrical resistance provided by the posts or

portions thereof. For some applications, posts 92, or at least portions thereof, are

formed from a material that is an electrical insulator, such as a plastic. Typically, the

posts are formed of nitinol, and the nitinol posts provide electrical resistance that is

such that the current from the antenna to the stent body, through the posts, is relatively

low, e.g., negligible, and/or substantially zero.

As described hereinabove, for some applications antenna 28 is used to

receive electrical power for powering the control capsule 30 to drive a current via

electrodes 22. Typically, the antenna receives power via inductive coupling, e.g., by

transmitter 24 (shown in Fig. 1), or a different transmitter, transmitting RF energy

toward antenna 28, such as to generate a magnetic field through the antenna. The

magnetic field passing through antenna 28 generates an inductive current through

antenna 28. The current through antenna 28 in turn generates a magnetic field, which

can generate an inductive current through stent body 90, which may interfere with the



antenna current, and reduce the efficiency of the electrical powering of the control

capsule. For some applications, by separating the antenna from the distal end of the

stent body, the posts reduce the strength of the inductive current that is generated in

the stent body, thereby increasing the efficiency of the electrical powering of the

control capsule, via the inductive current that is generated through the antenna.

For some applications, a length L (Fig. 6A) of each of posts 92 is less than 20

mm, e.g., less than 15 mm, and/or greater than mm, e.g., greater than 5 mm.

Typically, coiled electrodes 22 are coupled to stent 20 by being placed

around posts 92, for example, by using a construction as shown in Figs. 8A-B. For

some applications, the stent is shaped to define protrusions at the joints between the

stent body and the posts. The protrusions act as stoppers 96 to support the electrode

constructions, and to prevent the electrode constructions from sliding proximal ly with

respect to the stent body.

Typically, antenna 28 is wiredly coupled to control capsule 28 (wires not

shown), and the control capsule is powered using the inductive current of the antenna.

For some applications, the inductive current of the antenna is the only source of power

for the control capsule. The control capsule is typically configured to drive a current

into the blood vessel via electrode 22 (e.g., to stimulate the blood vessel), and/or to

receive an electrical parameter of the blood vessel via the electrode. For some

applications, stent body 90 includes a wire holder 98 that is configured to hold in

place with respect to the stent body the wires that couple the antenna to the control

capsule, by the wires being threaded through slots defined by the wire holder.

Reference is now made to Figs. 7A-B, which are schematic illustrations of

stent 20, stent 20 defining a stent body 90 with posts 92 protruding from a distal end

of the stent body, in accordance with some applications of the present invention.

Stent 20 as shown in Fig. 7A is generally similar to stent 20 as shown in Fig.

6A except for the following differences. Stent 20 as shown in Fig. 7A defines only

two junctions 37A and 37B (and correspondingly three strut portions 32, 34, and 36),

whereas stent 20 as shown in Fig. 6A defines three junctions 37A, 37B, and 37C (and

correspondingly four strut portions 32, 34, 36, and 39). In addition, on the stent

shown in Fig. 7A, coupling elements 4 1 for facilitating coupling of the control capsule

to the stent are disposed on the distal half of the stent, whereas on the stent shown in



Fig. 6A, coupling elements 4 1 for facilitating coupling of the control capsule to the

stent are disposed on the proximal half of the stent. Furthermore, stent 20 as shown in

Fig. 7A defines a pair of anchoring barbs 93 and 95, which protrude from struts of the

stent and are, respectively proximally-facing and distally-facing. In accordance with

some applications of the present invention, a stent is used that defines a pair of

anchoring barbs 93 and 95, which protrude from struts of the stent and are,

respectively, proximally-facing and distally-facing, for example, as shown in Fig. 7A.

The barbs typically facilitate anchoring of the stent to the blood vessel upon

expansion of the stent within the blood vessel, by the barbs becoming embedded into

the wall of the blood vessel.

Stent 20 as shown in Fig. 7B is generally similar to stent 20 as shown in Fig.

7A, except that barbs 93 and 95 of the stent shown i Fig. 7B are coupled to the stent

at (or in the vicinity of) respective intersections between pairs of struts of the stent,

whereas barbs 93 and 95 of the stent shown in Fig. 7A are coupled to the stent by

protruding from the side of respective struts of the stent.

Reference is now made to Figs. 7C-D, which are schematic illustration of

respective views of barb 93 of stent 20, barb 93 being as shown in Fig. 7B. As can be

seen from Fig. 7C, which shows a top view of the barb, the barb protrudes from the

vicinity of an intersection of two struts 65 of the stent. As can be seen from Fig. 7D,

which shows a side view of the barb, the stent is typically configured such that when

the stent is open, the barb is raised from a plane that is defined by struts 65.

Typically the barb is raised such that a height h of the tip of the barb from the plane

defined by the struts is greater than 0.5 mm (e.g., greater than 0.8 mm), and/or ess

than 2 mm (e.g., ess than 1.5 mm). Further typically, the barb curves away from the

plane defined by the struts, a radius of curvature r of the barb being greater than 2 mm

(e.g., greater than 4 mm), and/or less than 12 mm (e.g., ess than 8 mm). Typically

the height and curvature of the barb are such that when the stent is opened inside the

blood vessel the barb becomes automatically embedded in the wall of the blood vessel

without requiring distal or proximal movement of the stent with respect to the blood

vessel in order to cause the barb to become embedded.

Reference is now made to Fig. 7E, which is a schematic illustration of stent

20, stent 20 defining a stent body 90 with posts 92 protruding from a distal end of the



stent body, in accordance with some applications of the present invention. Stent 20 as

shown in Fig. 7E is generally similar to stent 20 as shown in Fig. 6A except that the

junctions of the stent that are shown in Fig. 7E are different from the junctions as

shown in Fig. 6A. Junctions 37A-C of stent 20 as shown in Fig. 7E comprise

longitudinal locations along the stent body at which the struts of the stent are shaped

such as to facilitate bending of the stent at those locations.

Reference is now made to Figs. 8A-B, which are schematic illustrations of an

electrode construction 100 for coupling coiled electrodes 22 to posts 92 of stent 20, in

accordance with some applications of the present invention. Typically, the electrode

construction is configured such that electrode 22 is electrically isolated from the

antenna and from the stent body.

For some applications, the coiled electrode is disposed around an insulting

layer 102. For example, the insulating layer may be composed of polyether ether

ketone (PEEK), and/or or another plastic. The insulating layer is typically hollow,

such that the insulating layer can be placed on post 92 of stent 20. For some

applications, the insulating layer is shaped to define an inner cross-section having a

square shape. The square shaped cross-section of the inner surface is configured to

prevent rotation of the electrode construction about post 92. The insulating layer acts

in a generally similar manner to insulation tube 60 described hereinabove, with

reference to Fig. 3B.

Typically, electrode construction 1 0 defines a tip-encapsulation portion 106

configured to hold the distal end of coiled electrode 22 in place with respect to

insulating layer 102, by encapsulating the distal end of electrode 22. Further

typically, electrode construction 100 defines a base-encapsulation portion 104

configured to hold the proximal end of coiled electrode 22 in place with respect to

insulating layer 102, by encapsulating the proximal end of electrode 22. Typically, a

proximal end 110 of the coiled electrode passes through the base -encapsulation

portion. A wire from the control capsule is electrically coupled to the proximal end of

the coiled electrode.

For some applications, the electrode construction defines an outer insulating

layer 108. The outer insulating layer is placed around the side of the coiled electrode



that faces the inside of the stent, in order to electrically insulate the electrode from the

subject's biood.

Reference is now made to Figs 9A-E, which are schematic illustrations of

respective steps of the opening of stent 20, the stent defining two junctions 37A and

37B, in accordance with some applications of the present invention. First and second

strut portions 32 and 34 of the stent are flexibly coupled to one another at first

junction 37A, and second and third strut portions 34 and 36 are flexibly coupled to

one another at second junction 37B. By way of illustration. Figs. A-E show the

opening of a stent that is as shown in Fig. 7A, although the manner of the opening of

any of the stents that define two or more junctions that are described herein would be

generally similar.

As described hereinabove, stent 20 is typically configured to be placed inside

the blood vessel (e.g., the aorta) percutaneously, e.g., using a 12 Fr - 20 Fr catheter

(e.g., a 16 Fr catheter). Typically, upon being placed inside the blood vessel, the stent

is partially deployed, such that (a) electrodes 22 (not shown, but which are typically

coupled to first, distal-most strut portion 32) contact the wall of the blood vessel at a

given location within the blood vessel, and (b) a proximal portion of the stent is

disposed inside the catheter, such that the stent may be retrieved into the catheter.

The response of the subject to electrical stimulation of the blood vessel at the current

location of the electrodes within the blood vessel is determined. In response thereto,

the stent is (a) fully deployed at the current location of the stent (b) retrieved into the

catheter and redeployed at a different location within the blood vessel, or (c) retrieved

into the catheter and removed from the subject's body (e.g., if the subject does not

respond in a suitable manner to electrical stimulation of the blood vessel at any

locations at which the stent is deployed).

For some applications, junctions 37 of stent 20 are configured to cause at

least a portion of the outer surface of the stent to assume a convex profile upon

protruding from catheter. For example, as shown in the transition from Fig. 9B to

Fig. 9C and from Fig. 9C to Fig. 9D, first junction 37A, causes at least a portion of

the outer surface of stent 20 to assume a convex profile upon protruding from the

catheter (as indicated by arrow 0) . Typically, causing the outer surface of the stent

to assume the convex profile, causes the angle that the outer surface of the stent



makes with the vessel wall, as the stent protrudes from the catheter, to be less than if

the stent were to assume a straight profile upon protruding from the catheter. For

some applications, by reducing the angle that the outer surface of the stent makes with

the vessel wall, damage to the vessel wall that could be caused by the distal end of the

stent contacting the vessel wall is reduced. For some applications, the assumption of

the convex profile by the outer surface of the stent brings the electrodes into contact

with the vessel wall.

For some applications, junctions 37 of the stent are configured to facilitate

retrieval of the stent into the catheter. For example, as shown in the transition from

Fig. 9A to Fig. 9B, the flexible coupling between first strut portion 32 and second

strut portion 34 that is provided by junction 3 A allows first strut portion 32 to

radially expand, while second strut portion 34 may remain substantially compressed

inside the catheter. Similarly, as shown in the transition from Fig. 9D to Fig. 9E, the

flexible coupling between second strut portion 34 and third strut portion 36 that is

provided by junction 37B allows second strut portion 34 to radially expand, while

third strut portion 36 may remain substantially compressed inside the catheter. In

order to retrieve the stent into the catheter, the proximal end of the stent is pulled,

such as to cause second portion 34 to become compressed by flexing about junction

37B. The proximal end of the stent then continues to be pulled, such as to cause first

portion 32 to become compressed by flexing about junction 37A.

For some applications, first junction 37A of stent 20 is configured to reduce

an angle that posts 92 of the stent make with the blood vessel wail as the posts

protrude from the distal end of the delivery device, relative to the angle that the posts

would make with the blood vessel wall in the absence of the junction. For some

applications, in this manner, the first junction reduces injury to the blood vessel wall

that may be caused by the posts, relative to if the posts were to make a larger angle

with the blood vessel wall. For some applications, the first junction includes waved

strips of nitinol (or another alloy or metal) that function as springs, each of the strips

having a width that is greater than 0.1 mm, and/or less than 1mm (e.g., less than 0.6

mm).

Reference is now made to Figs. 10A-E, which are schematic illustration of

respective steps of the opening of stent 20, stent 20 defining three junctions 37A, 37B,



and 37C, in accordance with some applications of the present invention. First and

second strut portions 32 and 34 of the stent are flexibly coupled to one another at first

junction 37A, second and third strut portions 34 and 36 are flexibly coupled to one

another at second junction 37B, and third and fourth strut portions 39 and 39 are

flexibly coupled to one another at third junction 37C. By way of illustration, Figs.

9A-E show the opening of a stent that is as shown in Fig. 2C although the manner of

the opening of any of the stents that define three or more junctions that are described

herein would be generally similar.

As described hereinabove, with reference to Figs. 9A-E, junctions 37 of stent

20 are configured to cause at least a portion of the outer surface of the stent to assume

a convex profile upon protruding from catheter. For some applications, causing the

outer surface of the stent to assume the convex profile reduces damage to the vessel

wall that could be caused by the distal end of the stent contacting the vessel wall,

relative to if the stent were to assume a straight profile upon protruding from the

catheter. For some applications, the assumption of the convex profile by the outer

surface of the stent brings the electrodes into contact with the vessel wall. For some

applications, junctions 37 of the stent are configured to facilitate retrieval of the stent

into the catheter, as described with reference to Figs. 9A-E.

As described hereinabove, typically, the number of junctions that the stent

defines increases as the length of the stent increases. For some applications, the

length of the stent that is used increases as the diameter of the vessel in which the

stent is to be placed increases, in order to facilitate greater radial expansion of the

distal end of the stent during partial deployment of the stent. In addition, the length of

the stent that is used increases as the curvature of the vessel in which the stent is to be

placed increases, in order to facilitate greater radial expansion of the distal end of the

stent during partial deployment of the stent. In a curved vessel, it may be necessary to

radially expand the stent to a greater diameter than is necessary in a similar sized

straight vessel, in order to bring the electrodes into contact with a portion of the vessel

wall that is curving away from the distal end of the delivery system. Furthermore, in

a curved vessel, the distal end of the delivery system via which the stent is inserted is

typically disposed closer to the wall on one side of the vessel, and not disposed in the

center of the vessel, due to the catheter tip typically being substantially straight, and

the vessel being curved. Therefore, in a curved vessel, it may be necessary to radially



expand the stent to a greater diameter than is necessary in a similar sized straight

vessel, in order to bring the electrodes into contact with the wall that is further from

the distal end of the delivery system.

Reference is now made to Figs. 11 and 12. Fig. is a graph showing

experimental results that demonstrate a relationship between the variation with time of

an inductive voltage that was measured in an antenna, and a component of the

subject's blood pressure signal that relates the subject's cardiac cycle, n accordance

with some applications of the present invention. Fig. 12 is a graph showing

experimental results that demonstrate a correlation between the variation with time of

the inductive voltage that was measured in the antenna, and a component of the

subject's blood pressure signal that relates the subject's respiratory cycle, in

accordance with some applications of the present invention.

An antenna that was disposed on a stent was placed inside the aorta of a

sheep. A transmitter that was disposed outside the sheep's body was used to transmit

RF energy toward the antenna. Wires were used to connect the antenna to a computer

that was disposed outside of the sheep's body, in order to record the inductive voltage

that was generated at the antenna, as a result of the RF energy that was transmitted

toward the antenna. Simultaneously with the detection of the inductive voltage at the

antenna, the sheep's blood pressure was measured using a sphygmomanometer that

was connected to a leg of the sheep.

The bottom curve of the graph of Fig. 11 shows the variation of the inductive

voltage of the antenna with time, the x-axis of the graph measuring 1 second time

periods. The top curve of the graph of Fig. 11 shows the simultaneously-measured

blood pressure of the sheep. t may be observed that the inductive voltage signal is

correlated to the blood pressure signal. The inventors of the present invention

hypothesize that the variation of the inductive voltage of the antenna that correspond

with the blood pressure signal is due to variations in the circumference of the antenna

over the course of the subjecf s cardiac cycle. Since the antenna is disposed on a stent

and the radial expansion of the stent is limited by the circumference of the blood

vessel, the circumference of the antenna varies over the course of the subject's cardiac

cycle, as the circumference of blood vessel varies, and in turn, the circumference of

the stent varies.



The bottom curve of the graph of Fig. 12 shows the variation of the inductive

voltage of the antenna with time, the x-axis of the graph measuring 5 second time

periods. The top curve of the graph of Fig. 12 shows the simultaneously-measured

blood pressure of the sheep. It may be observed that in both the inductive voltage

signal and in the blood pressure signal there is an envelope having a period of

approximately 5 seconds. For example, in the top graph of Fig. 12, the envelope

peaks at around 20 seconds, and then peaks again at around 24.5 seconds. The

envelope of the blood pressure signal is indicative of the subject's respiratory cycle. It

may be observed that the envelope of inductive voltage signal is correlated to the

envelope of the blood pressure signal. The inventors hypothesize that the variation of

the inductive voltage of the antenna that correspond with the envelope blood pressure

signal is due to the antenna moving with respect to the transmitter, as the subject's

abdomen undergoes movement due to the subject's breathing. It is noted that, in Fig.

12, the troughs in the inductive voltage signal correspond to peaks in the blood

pressure signal, whereas, in Fig. , the troughs in the inductive voltage signal

correspond to troughs in the blood pressure signal. The inventors hypothesize that

this is because the effect on the inductive voltage of the antenna moving with respect

to the transmitter over the course of the subject's respiratory cycle, overrides the effect

on the inductive voltage of the subject's blood pressure envelope varying over the

course of the respiratory cycle.

Therefore, in accordance with some applications of the present invention, an

annular antenna is placed inside a biood vessel on a stent, such that the radial

expansion of the stent (and therefore the antenna) is limited by the circumference of

the blood vessel. Alternatively, a stent, or at least a portion thereof, is configured to

act as an antenna, the stent being placed inside a blood vessel such that the radial

expansion of the stent is limited by the circumference of the blood vessel. An

inductive current is generated in the antenna by transmitting F energy toward the

antenna. For some applications, RF energy is directed toward the antenna, the RF

energy having a frequency of more than 50 kHz (e.g., more than 90 kHz), and/or less

than 100 MHz (e.g., less than 60 MHz). The inductive current that is generated at the

antenna is measured. Variations in the inductive current that are measured at the

antenna are interpreted as being caused by variations in the geometry of the antenna

over the course of the subject's cardiac cycle. For example, variations in the inductive



current having a frequency of more than 0.5 Hz and/or less than 1.5 Hz are interpreted

as being caused by variations in the geometry of the antenna over the course of the

subject's cardiac cycle. For some applications, variations in the inductive current

having a frequency of more than 0.05 Hz and/or less than 0.3 Hz are interpreted as

being caused by variations in the geometry of the antenna over the course of the

subject's respiratory cycle. In response to variations in the inductive current of the

antenna, physiological parameters of the subject, e.g., hemodynamic physiological

parameters of the subject, are derived. For example, the subject's cardiac rate,

respiratory rate, blood pressure, blood vessel pulsation, and/or other parameters of the

subject may be derived.

It is noted that, although some applications of the present invention have been

described as being used in conjunction with a stent, the scope of the present invention

includes applying the apparatus and methods described herein to a stent graft, mutatis

mutandis. For example, a stent graft that defines strut portions and junctions may be

used, and/or an antenna may be coupled to the body of a stent graft via posts that

longitudinally separate the antenna from a distal end of the body of the stent graft, in

accordance with the techniques described hereinabove.

Although some applications of the present invention have been described with

respect to placing stent 20 inside a subject's aorta, the scope of the present invention

includes placing stent 20 in other blood vessel's of a subject's body, mutatis mutandis.

For some applications, the techniques described herein are practiced in

combination with techniques described in WO 07/013065 to Gross, which is

incorporated herein by reference. For some applications, the techniques described

herein are practiced in combination with the techniques described in WO 09/095918,

entitled "Peristaltic pump for treatment of erectile dysfunction," to Gross, which

claims priority from US Patent Application 2009/0198097 to Gross, the PCT

application and the US application being incorporated herein by reference. For some

applications, the techniques described herein are practiced in combination with the

techniques described in US Patent Application 2009/0198097 to Gross, which is

incorporated herein by reference. For some applications, the techniques described

herein are practiced in combination with the techniques described in US



2012/0035679 to Dagan, US 20 1/0137370 to Gross, and/or in US 2010/0305392 to

Gross, all of which applications are incorporated herein by reference.

For some applications, the methods described herein are performed in

combination with the techniques described in WO 09/095920 to Gross, which is

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 subcombinations 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.



CLAIMS

1. Apparatus for use with a blood vessel of a subject, comprising:

a stent configured to be placed in the blood vessel, the stent comprising:

at least first, second, and third strut portions disposed along the stent,

the first and second strut portions being coupled to one another at a

first junction that facilitates bending of the first and second strut portions with

respect to one another, and

the second and third strut portions being coupled to one another at a

second junction that facilitates bending of the second and third strut portions

with respect to one another; and

at least one electrode disposed on at least an outer surface of the stent.

2. The apparatus according to claim 1, wherein the strut portions comprise

portions of the stent that provide resistance against longitudinal compression of the

stent, that permit radial compression of the stent, and that are less compliant than the

junctions of the stent.

3. The apparatus according to claim 1, wherein the junctions comprise springs.

4. The apparatus according to claim I, wherein the strut portions comprise struts

that are made from a material selected from the group consisting of: a metal and an

alloy, and wherein the junctions comprise longitudinal locations along the stent body

at which the struts of the stent are shaped such as to facilitate bending of the stent at

those locations.

5. The apparatus according to claim 1, wherein the junctions are configured to

act as joints around which the strut portions flex.

6. The apparatus according to claim 1, wherein the stent comprises a fourth strut

portion, the fourth strut portion being coupled to the third strut portion at a third

junction that facilitates bending of the third and fourth strut portions with respect to

one another.

7. The apparatus according to claim 1, wherein the blood vessel includes a

curved blood vessel, and wherein the junctions of the stent are configured to facilitate

placing of the stent in the curved blood vessel, by facilitating bending of the strut

portions of the stent with respect to one another.



8. The apparatus according to any one of claims 1-7, wherein the stent is for use

with a catheter, wherein the stent is configured to be placed inside the blood vessel by

being advanced out of a distal end of the catheter, and wherein the junctions of the

stent are configured to cause at least a portion of an outer surface of the stent to

assume a convex profile upon protruding from catheter.

9. The apparatus according to claim 8, wherein the electrode is disposed on an

outer surface of the stent, and wherein, by causing at least the portion of the outer

surface of the stent to assume the convex profile upon protruding from catheter, the

junctions of the stent are configured to bring the electrode into contact with a wall of

the blood vessel.

10. The apparatus according to claim 8, wherein, by causing at least the portion of

the outer surface of the stent to assume the convex profile upon protruding from

catheter, the junctions of the stent are configured to cause an angle that the outer

surface of the stent makes with a wal of the blood vessel, as the stent protrudes from

the catheter, to be less than if the stent were to assume a straight profile upon

protruding from the catheter.

1 The apparatus according to claim 10, wherein, by causing the angle that the

outer surface of the stent makes with a wall of the blood vessel as the stent protrudes

from the catheter, to be less than if the stent were to assume a straight profile upon

protruding from the catheter, the junctions are configured to reduce damage to the

blood vessel wall.

12. The apparatus according to any one of claims 1-7, wherein the stent is for use

with a catheter, wherein the stent is configured to be partially deployed inside the

blood vessel by a distal portion of the stent being advanced out of a distal end of the

catheter, and wherein the junctions of the stent are configured, subsequent to the

partial deployment of the stent, to facilitate retrieval of the stent into the catheter.

13. The apparatus according to claim 12, wherein the first junction of the stent is

configured to facilitate retrieval of the stent into the catheter by allowing the first strut

portion of the stent to radially expand, while the second strut portion remains

substantially compressed inside the catheter.



14. The apparatus according to claim 12, wherein the second junction of the stent

is configured to facilitate retrieval of the stent into the catheter by allowing the second

strut portion of the stent to radially expand, while the third strut portion remains

substantially compressed inside the catheter.

1 . The apparatus according to any one of claims 1-7, wherein the strut portions

comprise struts that are made from a material selected from the group consisting of: a

metal and an alloy, and wherein the junctions comprise waved strips of the selected

material.

16. The apparatus according to claim 15, wherein at least the first junction

comprises a waved strip of the selected material, the strip having a width of more than

0.1 mm.

17. The apparatus according to claim 16, wherein the strip has a width of less than

1 mm.

18. Apparatus for use with a blood vessel of a subject, comprising:

a stent configured to be placed in the blood vessel, the stent comprising:

a generally cylindrical stent body;

a plurality of posts protruding longitudinally from an end of the stent

body;

an antenna disposed annularly on the posts, such that the posts separate

the antenna from the end of the stent body.

19. The apparatus according to claim 18, further comprising at least one coiled

electrode, wherein the coiled electrode is configured to be coupled to the stent by

being placed on one of the posts.

20. The apparatus according to claim 1 or claim 19, wherein a length of each of

the posts is greater than 1mm.

21. The apparatus according to claim 20, wherein the length of each of the posts is

greater than 5 mm.

22. The apparatus according to claim or claim , wherein a length of each of

the posts is less than 20 mm.



23. The apparatus according to claim 22, wherein the length of each of the posts is

less than 15 mm.

24. The apparatus according to claim 18 or claim 19, wherein the antenna is

configured to receive power by RF energy being transmitted toward the antenna, such

as to generate an inductive current through the antenna.

25. The apparatus according to claim 24, wherein the posts are configured, by

separating the antenna from the end of the stent body, to reduce a strength of the

inductive current that is generated in the stent body, due to a magnetic field that is

generated by the inductive current of the antenna.

26. The apparatus according to claim 24, wherein the posts are configured to

provide electrical resistance, such that a current from the antenna to the stent body is

negligible.

27. The apparatus according to claim 25, further comprising a control capsule

coupled to the stent, wherein the control capsule is configured to be powered using the

inductive current of the antenna.

28. The apparatus according to claim 27, further comprising an electrode coupled

to the stent, wherein the control capsule is configured to drive a current into the blood

vessel, via the electrode.

29. The apparatus according to claim 27. further comprising an electrode coupled

to the stent, wherein the control capsule is configured to receive an electrical

parameter of the blood vessel, via the electrode.

30. Apparatus for use with a blood vessel of a subject, comprising:

an annular antenna configured to be placed inside the blood vessel such that

radial expansion of the antenna is limited by a circumference of the blood vessel;

a transmitter configured to generate an inductive current in the antenna, by

transmitting RF energy toward the antenna; and

a control unit configured to measure the inductive current in the antenna, and,

in response thereto, to determine a physiological parameter of the subject.

31. The apparatus according to claim 30, wherein the apparatus comprises a stent,

and the annular antenna comprises at least a portion of the stent.



32. The apparatus according to claim 30, further comprising a stent, wherein the

antenna is coupled to the stent.

33. The apparatus according to claim 30, wherein the control unit is configured to

determine the physiological parameter of the subject by determining a parameter of

the subject selected from the group consisting of: cardiac rate, respiratory rate, blood

pressure, and blood vessel pulsation.

34. The apparatus according to claim 30, wherein the control unit is configured to

determine the physiological parameter of the subject by interpreting variations in the

inductive current that are measured at the antenna as being caused by variations in

geometry of the antenna over the course of the subject's cardiac cycle.

35. The apparatus according to claim 30, wherein the control unit is configured to

determine the physiological parameter of the subject by determining a respiratory

cycle of the subject by analyzing an envelope of a variation of the inductive current

with time.

36. The apparatus according to any one of claims 30-35, wherein the transmitter is

configured to transmit the RF energy at a frequency of more than 50 kHz.

37. The apparatus according to claim 36, wherein the transmitter is configured to

transmit the RF energy at a frequency of more than 90 kHz.

38. The apparatus according to any one of claims 30-35, wherein the transmitter is

configured to transmit the RF energy at a frequency of less than 1 0 MHz.

39. The apparatus according to claim 38, wherein the transmitter is configured to

transmit the RF energy at a frequency of more than 60 MHz.

40. A method for use with a blood vessel of a subject, comprising:

providing:

a stent that includes:

at least first, second, and third strut portions disposed along the

stent,

the first and second strut portions being coupled to one another

at a first junction that facilitates bending of the first and second strut

portions with respect to one another, and



the second and third strut portions being coupled to one another

at a second junction that facilitates bending of the second and third

strut portions with respect to one another; and

at least one electrode disposed on at least an outer surface of the stent;

and

placing the stent and the electrode inside the blood vessel.

41. The method according to claim 40, wherein providing the stent comprises

providing the stent, the strut portions of the stent including portions of the stent that

provide resistance against longitudinal compression of the stent, that permit radial

compression of the stent, and that are less compliant than the junctions of the stent.

42. The method according to claim 40, wherein providing the stent comprises

providing the stent, the junctions of the stent including springs.

43. The method according to claim 40, wherein providing the stent comprises

providing the stent, the strut portions of the stent including struts that are made from a

material selected from the group consisting of: a metal and an alloy, and the junctions

of the stent including waved strips of the selected material.

44. The method according to claim 40, wherein providing the stent comprises

providing the stent, the strut portions of the stent including struts that are made from a

material selected from the group consisting of: a metal and an alloy, and the junctions

of the stent including longitudinal locations along the stent body at which the struts of

the stent are shaped such as to facilitate bending of the stent at those locations.

45. The method according to claim 40, wherein providing the stent comprises

providing the stent, the junctions of the stent being configured to act as joints around

which the strut portions flex.

46. The method according to claim 40, wherein providing the stent comprises

providing the stent, the stent including a fourth strut portion, the fourth strut portion

being coupled to the third strut portion at a third junction that facilitates bending of

the third and fourth strut portions with respect to one another.

47. The method according to claim 40, wherein placing the stent inside the blood

vessel comprises placing the stent inside a curved blood vessel, the junctions of the



stent being configured to facilitate placing of the stent in the curved blood vessel, by

facilitating bending of the strut portions of the stent with respect to one another.

48. The method according to any one of claims 40-47, wherein placing the stent

inside the blood vessel comprises placing the stent inside the blood vessel by

advancing the stent out of a distal end of a catheter, such that the junctions of the stent

cause at least a portion of an outer surface of the stent to assume a convex profile

upon protruding from catheter.

49. The method according to claim 48, wherein the electrode is disposed on an

outer surface of the stent, and wherein causing at least the portion of the outer surface

of the stent to assume the convex profile upon protruding from catheter comprises

bringing the electrode into contact with a wall of the blood vessel.

50. The method according to claim 48, wherein causing at least the portion of the

outer surface of the stent to assume the convex profile upon protruding from catheter

comprises causing an angle that the outer surface of the stent makes with a wall of the

blood vessel as the stent protrudes from the catheter, to be ess than if the stent were

to assume a straight profile upon protruding from the catheter.

51. The method according to claim 50, wherein causing the angle that the outer

surface of the stent makes with a wall of the blood vessel as the stent protrudes from

the catheter, to be less than if the stent were to assume a straight profile upon

protruding from the catheter, comprises reducing damage to the blood vessel wall.

52. The method according to any one of claims 40-47, wherein placing the stent

inside the blood vessel comprises partially deploying the stent inside the blood vessel

by advancing a distal portion of the stent out of a distal end of the catheter, such that,

subsequent to the partial deployment of the stent, the junctions of the stent facilitate

retrieval of the stent into the catheter.

53. The method according to claim 52, wherein advancing the distal portion of the

stent out of the distal end of the catheter comprises allowing the first strut portion of

the stent to radially expand, while the second strut portion remains substantially

compressed inside the catheter by the first strut portion of the stent flexing about the

first junction of the stent, with respect to the second portion.



54. The method according to claim 52, wherein advancing the distal portion of the

stent out of the distal end of the catheter comprises allowing the second strut portion

of the stent to radially expand, while the third strut portion remains substantially

compressed inside the catheter, by the second strut portion of the stent flexing about

the second junction of the stent, with respect to the third portion.

55. A method for use with a blood vessel of a subject, comprising:

providing a stent that includes:

a generally cylindrical stent body;

a plurality of posts longitudinally protruding from an end of the stent

body;

an antenna disposed annularly on the posts, such that the posts separate

the antenna from the stent body; and

placing the stent inside the blood vessel.

56. The method according to claim 55, wherein providing the stent comprises

providing the stent, a coiled electrode being coupled to the stent by being placed on

one of the posts.

57. The method according to claim 55 or claim 56, wherein providing the stent

comprises providing the stent, a length of each of the posts being greater than 1 mm.

58. The method according to claim 57, wherein providing the stent comprises

providing the stent, the length of each of the posts being greater than 5 mm.

59. The method according to claim 55 or claim 56, wherein providing the stent

comprises providing the stent, a length of each of the posts being less than 20 mm.

60. The method according to claim 59, wherein providing the stent comprises

providing the stent, the length of each of the posts being less than 15 mm.

61. The method according to claim 55 or claim 56, further comprising generating

an inductive current through the antenna by transmitting R energy toward the

antenna.

62. The method according to claim , wherein providing the stent, the posts of

the stent separating the antenna from the end of the stent body, comprises reducing a

strength of the inductive current that is generated in the stent body, due to a magnetic

field that is generated by the antenna.



63. The method according to claim 61, wherein providing the stent comprises

providing a stent, the posts of the stent providing electrical resistance, such that a

current from the antenna to the stent body is negligible.

64. The method according to claim 61, further comprising powering a control

capsule that is coupled to the stent, using the inductive current of the antenna.

65. The method according to claim 64, further comprising, using the control

capsule, driving a current into the blood vessel, via an electrode that is coupled to the

stent.

66. The method according to claim 64, further comprising, using the control

capsule, receiving an electrical parameter of the blood vessel, via an electrode that is

coupled to the stent.

67. A method for use with a blood vessel of a subject, comprising:

placing into the blood vessel:

a stent having a generally cylindrical stent body;

at least one electrode that is coupled to the stent body; and

an antenna that is coupled to the stent body,

the placing being performed such that the antenna is separated from the

stent body; and

operating a transmitter:

to generate an inductive current through the antenna by transmitting

F energy toward the antenna; and

using the inductive current, to drive a current into the blood vessel via

the electrode.

68. The method according to claim 67, wherein placing the stent and the antenna

into the blood vessel comprises reducing a strength of the inductive current that is

generated in the stent body, due to a magnetic field that is generated by the antenna,

by placing the stent and the antenna such that the antenna is separated from the stent

body.

69. The method according to claim 67 or claim 68, wherein placing the stent and

the antenna into the blood vessel comprises placing the stent and the antenna into the



blood vessel such that the stent body is separated from the antenna by a distance that

is greater than 1 mm.

70. The method according to claim 69, wherein placing the stent and the antenna

into the blood vessel comprises placing the stent and the antenna into the blood vessel

such that the stent body is separated from the antenna by a distance that is greater than

5 mm.

71. The method according to claim 67 or claim 68, wherein placing the stent and

the antenna into the blood vessel comprises placing the stent and the antenna into the

blood vessel such that the stent body is separated from the antenna by a distance that

is less than 20 mm.

72. The method according to claim 71, wherein placing the stent and the antenna

into the blood vessel comprises placing the stent and the antenna into the blood vessel

such that the stent body is separated from the antenna by a distance that is less than 15

mm.

73. A method for use with an annular antenna that has been placed in a blood

vessel and allowed to expand radially, such that radial expansion of the antenna is

limited by a circumference of the blood vessel, the method comprising:

generating an inductive current in the antenna, by transmitting R energy

toward the antenna;

measuring the inductive current in the antenna; and

in response thereto, determining a physiological parameter of the subject.

74. The method according to claim 73, wherein the antenna includes at least a

portion of a stent that functions as the antenna, and wherein generating the inductive

current at the antenna comprises generating the inductive current at the portion of the

stent.

75. The method according to claim 73, wherein the antenna includes an antenna

that is coupled to a stent, and wherein generating the inductive current at the antenna

comprises generating the inductive current at the antenna that is coupled to the stent.

76. The method according to claim 73, wherein determining the physiological

parameter comprises determining a parameter of the subject selected from the group

consisting of: cardiac rate, respiratory rate, blood pressure, and blood vessel pulsation.



77. The method according to claim 73, wherein determining the physiological

parameter comprises interpreting variations in the inductive current that are measured

at the antenna as being caused by variations in geometry of the antenna over the

course of the subject's cardiac cycle.

78. The method according to claim 73, wherein determining the physiological

parameter comprises determining a respiratory cycle of the subject by analyzing an

envelope of a variation of the inductive current with time.

79. The method according to any one of claims 73-78, wherein transmitting the

RF energy comprises transmitting the RF energy at a frequency of more than 50 kHz.

80. The method according to claim 79, wherein transmitting the RF energy

comprises transmitting the RF energy at a frequency of more than 90 kHz.

81. The method according to any one of claims 73-78, wherein transmitting the

RF energy comprises transmitting the RF energy at a frequency of less than 100 MHz.

82. The method according to claim 81, wherein transmitting the RF energy

comprises transmitting the RF energy at a frequency of less than 60 MHz.

83. Apparatus, comprising:

a stent shaped to define struts and at least one post;

a coiled electrode configured to be coupled to the stent by being placed on the

post; and

an electrode-fixation member configured to fixedly couple the coiled electrode

to the post by being placed on the post.
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