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TISSUE TREATMENT

RELATED APPLICATION

This application claims the benefit of priority under 35 USC §119(e) of U.S. Provisional
Patent Application No. 61/625,810 filed April 18, 2012, the contents of which are

incorporated herein by reference in their entirety.

FIELD AND BACKGROUND OF THE INVENTION

The present invention, in some embodiments thereof, relates to a method of
tissue treatment and, more particularly, but not exclusively, to a method of selectively
applying energy to treat tissues.

R.J. Toorop et al. “Clinical Results of Carotid Denervation by Adventitial
Stripping in Carotid Sinus Syndrome”, Eur J Vasc Endovasc Surg (2010) 39, 146-152
disclose “Carotid denervation by adventitial stripping of the proximal carotid internal
artery is effective and safe and may offer a valid alternative for pacemaker treatment in
patients with carotid sinus syndrome.”

Sanni et al. “Is sympathectomy of benefit in critical leg ischaemia not amendable
to revascularization?”, Interactive CardioVascular and Thoracic Surgery 4 (2005) 478-
483 disclose “Lumbar sympathectomy should be considered for symptomatic patients
with critical leg ischaemia as an alternative to amputation.”

M.P. Schlaich et al. “Renal denervation as a therapeutic approach for
hypertension: novel implications for an old concept”, Hypertension (2009) 54(6):1195-
201.

E. Manasse et al. “Clinical histopathology and ultrastructural analysis of

myocardium following microwave energy ablation”, European Journal of Cardio-

thoracic Surgery 23 (2003) 573-577.

SUMMARY OF THE INVENTION

An aspect of some embodiments of the invention relates to forming regions of
tissue damage (e.g., thermal damage) by delivery of energy from within a vessel or

lumen or cavity.
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In an exemplary embodiment of the invention, the tissue damage regions are
formed near a first lumen by application of energy from a second lumen.

In an exemplary embodiment of the invention, energy is applied from within a
stenotic lumen (e.g., due to a plaque), to treat tissues in the wall of the stenotic lumen.

In an exemplary embodiment of the invention, the lumen contains a deployed
stent, and energy is applied from within the lumen to treat tissues in the wall of the
stented lumen.

In an exemplary embodiment of the invention, the energy is applied to several
angles of the lumen circumference simultaneously. In an exemplary embodiment of the
invention, energy is delivered from a heart chamber to treat the heart wall.

In an exemplary embodiment of the invention, energy is delivered from a heart
chamber to treat a pulmonary vein.

In an exemplary embodiment of the invention, energy is delivered from a carotid

artery to treat nerves in and/or near the carotid artery wall and/or near the carotid body.

There is provided in accordance with an exemplary embodiment of the invention
a method of treating tissue near a first lumen comprising:

Inserting one or more energy emission elements into a second
lumen;

delivering energy in an amount sufficient to cause one or more
spaced apart areas, located longitudinally and/or circumferentially along the vessel, of
tissue damage at preselected locations in tissue near the first lumen, the energy is
delivered in less than about 180 seconds per area.

Alternatively, said energy is delivered in less than about 60 seconds per said
area, for example less than about 40 seconds per area. Alternatively, said energy is
delivered in less than about 30 seconds per said area.

In an exemplary embodiment of the invention, the second lumen is selected from
the group comprising: inferior vena cava, left renal vein, right renal vein, left ureter,
right ureter, left renal pelvis, right renal pelvis, right femoral vein, left femoral vein.

In an exemplary embodiment of the invention, the first lumen is selected from
the group comprising: right renal artery, left renal artery, right femoral artery, left

femoral artery.
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In an exemplary embodiment of the invention, the energy comprises a pencil
beam of unfocused ultrasound energy.

In an exemplary embodiment of the invention, the energy comprises several
pencil beams of unfocused ultrasound energy emitted circumferentially, optionally
passing from a first lumen to a second lumen.

In an exemplary embodiment of the invention, the one or more areas are formed
about 0.5-10mm, such as 7 mm, 2 mm, 1 mm from an intima of the first lumen.
Optionally or additionally, the one or more areas are formed about 1-5mm from the
second lumen.

In an exemplary embodiment of the invention, the one or more areas are not
formed between the first lumen and the second lumen.

In an exemplary embodiment of the invention, the one or more areas are formed
on the side of the first lumen opposite the second lumen.

In an exemplary embodiment of the invention, the one or more areas cover about
20% to about 70% of a circumference of the first lumen.

In an exemplary embodiment of the invention, each of the one or more areas
covers a sector of the first lumen of about 15 to 45 degrees.

In an exemplary embodiment of the invention, the method further comprises
propping open the first lumen and/or the second lumen using a distancing and/or
expandable device.

In an exemplary embodiment of the invention, the expandable device may be

unidirectional or multidirectional.

There is provided in accordance with an exemplary embodiment of the invention
an expandable device for insertion in a lumen comprising;
an expanding structure for insertion into the lumen using a
vascular approach, the expanding structure does not lie between a beam source inserted
therethrough and a wall of the lumen and/or lies between a beam source and a wall of
the lumen.
In an exemplary embodiment of the invention, the expanding structure is sized to
provide a clearance between the beam source and the wall so that blood flowing in the

clearance selectively cools the wall.
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In an exemplary embodiment of the invention, the lumen comprises a vein, and
the expanding structure is sized to provide a clearance between the beam source and the
wall so that blood flowing in the clearance selectively cools the beam source so that the
blood temperature remains below a safe level.

In an exemplary embodiment of the invention, the lumen comprises a vein, and
the expanding device does not exert a force sufficient to damage walls of the vein.

In an exemplary embodiment of the invention, an expanded state has a diameter

that allows a distance of at least 1.0 mm between the beam source and the lumen wall.

There is provided in accordance with an exemplary embodiment of the invention
a device for insertion into a second lumen for delivering energy to treat tissue near a first
lumen, the device comprising:

a catheter sized to fit into the second lumen;

an energy emission element disposed on a distal end of the catheter, the
energy emission element adapted to transmit energy with parameters to damage tissue
near the first lumen; Optionally, the energy emission element transmits energy in
multiple axial positions. Optionally, the energy emission element transmits energy in
several angles, for example covering a total of 40 degrees circumferentially.

a controller to control the energy emission element, the controller
programmed to supply energy for a time period ranging from about 5 to 180 seconds, at
a frequency of about 5 MHz to 40 MHz, at an intensity of about 10 Watt/cm”2 to 60
Watt/cm”2, the energy setting sufficient to selectively damage tissue near the second
lumen.

In an exemplary embodiment of the invention, near the second lumen comprises
between 0 and 359 degrees around a circumference of the second lumen.

In an exemplary embodiment of the invention, the energy emission element is an
ultrasound emission element adapted to form a pencil beam of unfocused ultrasound
energy.

In an exemplary embodiment of the invention, the controller is programmed to
control the energy emission element to transmit energy for a period of about 5 seconds

to about 60 seconds. Optionally or additionally, the controller is programmed to control
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the energy emission element to transmit energy having an intensity of about 20

Watt/cm”2 to 40 Watt/cm”2.

There is provided in accordance with an exemplary embodiment of the invention
a method of treating a patient suffering from abnormal carotid sinus receptors
comprising:

selectively applying energy at least to a perivascular tissue of a carotid
sinus in an amount sufficient to decrease signal propagation from a carotid sinus nerve
and/or carotid body to a brain of the patient thereby treating the patient.

In an exemplary embodiment of the invention, the selectively applying comprises
selectively applying in an alternating pattern of spaced apart damage areas in a radial
direction along a carotid artery.

In an exemplary embodiment of the invention, the decreases signal propagation
comprises decrease at least 50% of the signals propagating from the carotid sinus nerve
towards a brain.

In an exemplary embodiment of the invention, the energy comprises a beam of
unfocused ultrasound.

In an exemplary embodiment of the invention, the selectively applying comprises

an energy intensity setting for treatment of renal nerves reduced by about 5%-20%.

There is provided in accordance with an exemplary embodiment of the invention
a device for treating a carotid artery wall comprising:

a catheter sized to fit into the carotid artery;

an energy emission element disposed on a distal end of the catheter, the
energy emission element adapted to transmit energy with an intensity sufficient to
damage tissue around a circumference of the carotid artery;

a controller to control the energy emission element, the controller
programmed to supply sufficient power at setting sufficient to thermally damage
perivascular tissue around the carotid artery wall so that signals from carotid sinus
receptors are selectively decreased, wherein one or both of an energy intensity and a
treatment time are about 10%-50% higher than the highest allowable settings for a renal

artery to treat locations at a similar distance from an inner wall.
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In an exemplary embodiment of the invention, selectively decrease comprises
selectively decrease by at least 50%. Optionally, the signals are selectively decreased
when a higher energy intensity is applied.

In an exemplary embodiment of the invention, a frequency of the energy is
selected according to frequencies allowable in a renal artery to treat locations at a similar
distance from an inner wall.

In an exemplary embodiment of the invention, the energy emission element

comprises an ultrasound emission element producing a beam of unfocused ultrasound.

There is provided in accordance with an exemplary embodiment of the invention
a method of treating a patient suffering from insufficient blood flow to a limb
comprising:

inserting a catheter including an energy emission element into a stenotic
lumen;

selectively applying energy from within the lumen across a plaque to
form one or more spaced apart regions of thermal damage in a surrounding tissue of the
lumen, the tissue including nerves, thereby increasing blood flow to the limb.

In an exemplary embodiment of the invention, selectively applying comprises
selectively applying energy from within the lumen across a calcified lumen wall.

In an exemplary embodiment of the invention, selectively applying comprises
applying at least one of an energy intensity and a treatment time that are about 10% to
about 50% higher than the highest settings that would be allowable if the lumen was not
one or both of calcified or plaque containing arteries.

In an exemplary embodiment of the invention, selectively applying comprises
selectively applying energy at a frequency range that would be allowable if the lumen
was not one or both of calcified or plaque.

In an exemplary embodiment of the invention, the energy comprises one or

several pencil beams of unfocused ultrasound energy emitted.

There is provided in accordance with an exemplary embodiment of the invention
a device for treating a wall of a lumen in a limb, the lumen containing one or both of a

plaque and a calcified wall, the lumen comprising:
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a catheter sized to fit into the lumen;

an energy emission element disposed on a distal end of the catheter, the
energy emission element adapted to transmit energy with an intensity sufficient to
thermally damage tissue around a circumference of the lumen, the damaged tissue
comprising nerves, the energy traversing at least some of the plaque and the calcified
wall; and

a controller to control the energy emission element, the controller
programmed to supply power at settings to thermally damage tissue around the lumen
and beyond the plaque and the calcified wall, so that signals from nerves in the tissue are
selectively treated thereby increasing blood flow to the limb.

In an exemplary embodiment of the invention, the energy emission element

comprises an ultrasound emission element producing a single or several beam(s) of

unfocused ultrasound.

There is provided in accordance with an exemplary embodiment of the invention
a method of treating tissue in a lumen wall and/or surrounding tissue comprising:
inserting a catheter including an energy emission element into a region of
the lumen containing a deployed stent;
selectively applying energy from within the lumen, so that a beam(s)
from the energy emission element crosses struts of the stent, to form one or more
longitudinal or circumferential spaced apart regions of tissue damage in the lumen wall
or surrounding tissue without damaging an intima in direct contact with the stent and/or
without stent deformation.
In an exemplary embodiment of the invention, the lumen comprises a renal
artery.
In an exemplary embodiment of the invention, the energy emission element
comprises an ultrasound emission element producing a beam of unfocused ultrasound.
In an exemplary embodiment of the invention, the selectively applying comprises

selecting treatment parameters as if the stent was not present.

There is provided in accordance with an exemplary embodiment of the invention

a method of treating a heart wall comprising:
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selectively applying ultrasound energy from within a heart chamber to a
wall of the heart to form one or more damage areas preventing conduction of contraction
signals therethrough without damaging an endocardium, the damage areas comprising a
full thickness of myocardial tissue, wherein the endocardium is cooled by blood.

In an exemplary embodiment of the invention, selectively applying comprises
selectively forming a plurality of contiguous damage regions around an ostium of one or
more pulmonary veins.

In an exemplary embodiment of the invention, selectively applying comprises
selectively applying the ultrasound energy so that the damage region does not extend
more than about 0.5mm into a pericardium.

In an exemplary embodiment of the invention, selectively applying comprises
selectively applying ultrasound to form stacked damage regions extending the full length

of a hypertrophied myocardium.

There is provided in accordance with an exemplary embodiment of the invention
a device for treatment of a heart wall comprising:

a catheter sized to fit into a chamber of the heart;

an energy emission element disposed on a distal end of the catheter, the
energy emission element adapted to transmit energy with parameters to damage a
myocardium;

a controller to control the energy emission element, the controller
programmed to supply energy for a time period ranging from about 5 to 120 seconds, at
a frequency of about 15 MHz to 40 MHz, at an intensity of about 20 Watt/cm”2 to 50
Watt/cm”2, the energy setting sufficient to selectively damage a full thickness of the
myocardium without damaging an endocardium, thereby preventing conduction of
contraction signals.

In an exemplary embodiment of the invention, the catheter further comprises an
expanding device to maintain a gap between the energy emission element and the heart

wall of at least 0.3 mm.

Unless otherwise defined, all technical and/or scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art to which
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the invention pertains. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods, and

examples are illustrative only and are not intended to be necessarily limiting.

Implementation of the method and/or system of embodiments of the invention
can involve performing or completing selected tasks manually, automatically, or a
combination thereof. Moreover, according to actual instrumentation and equipment of
embodiments of the method and/or system of the invention, several selected tasks could
be implemented by hardware, by software or by firmware or by a combination thereof
using an operating system.

For example, hardware for performing selected tasks according to embodiments
of the invention could be implemented as a chip or a circuit, for example a catheter’s
EEPROM. As software, selected tasks according to embodiments of the invention could
be implemented as a plurality of software instructions being executed by a computer
using any suitable operating system. In an exemplary embodiment of the invention, one
or more tasks according to exemplary embodiments of method and/or system as
described herein are performed by a data processor, such as a computing platform for
executing a plurality of instructions. Optionally, the data processor includes a volatile
memory for storing instructions and/or data and/or a non-volatile storage, for example, a
magnetic hard-disk and/or removable media, for storing instructions and/or data.
Optionally, a network connection is provided as well. A display and/or a user input

device such as a keyboard or mouse are optionally provided as well.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention are herein described, by way of example
only, with reference to the accompanying drawings and/or images. With specific
reference now to the drawings in detail, it is stressed that the particulars shown are by
way of example and for purposes of illustrative discussion of embodiments of the
invention. In this regard, the description taken with the drawings makes apparent to

those skilled in the art how embodiments of the invention may be practiced.
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In the drawings:

FIG. 1A is a is a simplified schematic of the kidney vasculature, useful for
practicing some embodiments of the invention;

FIGs. 1B-1G are schematics of some possible anatomical variations of the
anatomy of FIG. 1A, useful for understanding some embodiments of the invention;

FIGs. 2A-D are flow charts of methods of tissue treatment, in accordance with an
exemplary embodiment of the invention;

FIGs. 3A-E are schematics of a device for insertion into a lumen, in accordance
with an exemplary embodiment of the invention;

FIGs. 4A-D illustrate positioning of an energy emission element inside a first
lumen substantially perpendicular to a second lumen, in accordance with an exemplary
embodiment of the invention;

FIGs. 5A-C illustrate positioning of an energy emission element inside a first
lumen substantially parallel to a second lumen, in accordance with an exemplary
embodiment of the invention;

FIG. 6 is a schematic showing the locations of ultrasonic ablations from the vena
cava towards the right renal artery during an experiment, in accordance with an
exemplary embodiment of the invention;

FIGs. 7A-F are angiography images obtained during the experiment;

FIGs. 8A-C are images of histology slides around the renal artery and vena cava
obtained as part of the experiment, showing some experimental results;

FIG. 9 is a schematic of a right internal carotid artery, useful for understanding
some embodiments of the invention;

FIGs. 10A-D are some not necessarily limiting examples of damage patterns, in
accordance with some embodiments of the invention;

FIG. 11 is a schematic of a stenotic femoral artery, useful for understanding
some embodiments of the invention;

FIGs. 12A-B are histological slides showing some experimental results around
the femoral artery;

FIGs. 13A-F are angiography images and histological slides obtained during or
following an experiment for treating tissue through a stent, in accordance with an

exemplary embodiment of the invention;
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FIG. 14 is a schematic of an exemplary treatment system, in accordance with an
exemplary embodiment of the invention;

FIGs. 15A-B are images of histology slides obtained as part of an experiment in
the carotid artery, showing some experimental results;

FIGs. 16A-B are schematic showing treatment of the heart, in accordance with an
exemplary embodiment of the invention;

FIG. 17 is an image of a histology slide obtained as part of an experiment in the
left atrium, showing some experimental results.

FIGs. 18A-F are angiography images obtained during or following an
experiment for treating tissue through a stent, in accordance with an exemplary
embodiment of the invention; and

FIGs. 19A-G are histological results showing some experimental results around

the renal artery, of treating tissue through a stent.

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

The present invention, in some embodiments thereof, relates to a method of
tissue treatment and, more particularly, but not exclusively, to a method of selectively
applying energy to treat tissues.

An aspect of some embodiments of the invention relates to a method of treating
tissue near a first lumen by delivery of energy from a second lumen. Optionally, the first
lumen is an artery. Optionally or additionally, the second lumen is a vein. Optionally or
additionally, the energy is in the form of a non diverging beam, for example a pencil
beam (e.g., ray) of ultrasound (US), for example, unfocused ultrasound. Some
embodiments include different shapes of beams, for example a converging beam may be
used. In some embodiments non diverging beams may be used. In some embodiments, a
diverging beam may be used. Optionally, the beam has a low diverging angle, for
example ranging between 0-30 degrees, for example 10-20, such as about 15 degrees, for
example having 7.5 degrees on opposite sides of a plane that is perpendicular to the
transducer. In some embodiments, the beam has a higher diverging angle, for example
ranging between 50-120 degrees. In some embodiments, the beam may diverge and/or

converge in one or more dimensions of the beam, for example have a low diverging
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angle on the perpendicular plane, and a higher diverging angle on a plane that crosses
the perpendicular plane.

In some embodiments, by controlling an angle of a diverging beam, the location and/or
geometry of the tissue ablation may be controlled. In some embodiments, the angle is
fixed. In some embodiments, parameters such as energy intensity may be chosen for a
given angle to optimize the treatment

In an exemplary embodiment of the invention, the tissue near the right renal
artery is treated by delivery of energy from the inferior vena cava. Alternatively, energy
is delivered from one or more right renal veins.

In an exemplary embodiment of the invention, the tissue near the left renal artery
is treated by delivery of energy from one or more left renal veins.

In an exemplary embodiment of the invention, the tissue is sufficiently treated to
achieve an effect, for example, tissue damage, for example, a thermal effect. Not
necessarily limiting examples of possible effects (e.g., thermal effects) include; burning,
coagulation, denaturation, ablation, necrosis, disruption (e.g., of signal propagation in
nerves), degeneration, destruction.

In an exemplary embodiment of the invention, the treated region contains one or
more nerves, for example, renal artery nerves. Optionally, the nerves are thermally
treated. Optionally, the nerves are disposed around different parts of the artery, for
example, the renal artery nerves branch and cover different areas of the renal artery.
Alternatively, the nerves are located in a bundle, for example, the femoral nerve.

In an exemplary embodiment of the invention, a region of damage is formed in
less than about 5 seconds, or less than about 10 seconds, or less than about 15 seconds,
or less than about 20 seconds or less than about 30 seconds, or less than about 60, or less
than about 90 seconds, or less than about 180 seconds, or less than about 240 seconds, or
other smaller, intermediate or larger times.

In an exemplary embodiment of the invention, one or more regions of damage
are selectively formed around the artery. For example, 2, 4, 6, 8, or other smaller,
intermediate or larger numbers of regions. Optionally, the regions are spaced apart. In
some embodiments, several regions are treated simultaneously by multiple energy

emission elements.
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In an exemplary embodiment of the invention, the treatment areas have an axial
length (e.g., as measured along the radius from the center of the artery) of about Imm to
20 mm, or about 2 mm to 15 mm, or about 5 mm to 10 mm, or about 10 mm to 20 mm,
or about 2 mm to 8 mm, or other smaller, intermediate or larger axial lengths are
selected.

In an exemplary embodiment of the invention, the treatment areas have a width
(e.g., as measured substantially parallel to a tangent of the artery) of about 1mm to 10
mm, or about 2 mm to 8§ mm, or about 3 mm to 6 mm, or about 2 mm to 6 mm, or about
2 mm to 4 mm, or other smaller, intermediate or larger widths are selected.

In an exemplary embodiment of the invention, the intima of the artery is not
significantly damaged by the energy.

In an exemplary embodiment of the invention, the treatment areas are selectively
formed a distance of about 0.5 mm to 10 mm, or about Imm to 6 mm, or about 1.5 mm
to 5 mm, or about 1.5 mm to 4 mm, or about 2 mm to 3 mm, or about I mm to 3 mm, or
about 1 mm to 2 mm, or about 0.5 mm to 2 mm, from the inner wall of the artery (e.g.,
intima), or other smaller, intermediate or larger distances are selected.

In an exemplary embodiment of the invention, the treatment areas are selectively
formed within a distance of about 0.5 mm to 20 mm, or about Imm to 10 mm, or about 2
mm, to 15 mm, or about 2 mm to 8 mm, or about 3 mm to 10 mm, or about 2 mm to 5
mm, or about 3 mm to 6mm, or about 0.5 mm to about 3 mm from the vein, or other
smaller, intermediate or larger distances are selected.

In an exemplary embodiment of the invention, the treatment areas are selectively
formed in tissue near the artery. The percentage of the surface area around the artery that
is covered is about 10% - 80%, or about 20%-70%, or about 20%-50%, or about 30%-
40%, or about 30%-60%, or about 5%-20%, or other smaller, intermediate or larger
percentages are treated.

In an exemplary embodiment of the invention, the treatment areas selectively
cover a sector (relative to the center of the artery) of about 5 degrees to about 120
degrees, or about 10 degrees to about 100 degrees, or about 15 degrees to about 90
degrees, or about 30 degrees to about 60 degrees, or about 15 degrees to about 45

degrees, or other smaller, intermediate or larger sectors are formed.
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In an exemplary embodiment of the invention, the treatment area is selected to
have a tangential dimension (measured substantially relative to the lumen e.g., artery) of
no more than about 8 mm, or about 6 mm, or about 4 mm, or about 2 mm, or about 1
mm or other smaller, intermediate or larger sizes are selected.

In an exemplary embodiment of the invention, a treatment area is selected to
have a radial dimension (measured substantially from the center of the lumen e.g.,
artery) of no more than about § mm, or about 5 mm, or about 3 mm, or about 1 mm or
other smaller, intermediate or larger sizes are selected.

In an exemplary embodiment of the invention, a treatment area is selected to
have an axial dimension (measured substantially parallel to the long axis of the lumen
e.g., artery) of no more than about 10 mm, or about 8 mm, or about 6 mm, or about 4
mm, or about 2 mm or other smaller, intermediate or larger sizes are selected.

In an exemplary embodiment of the invention, the method comprises imaging the
artery from the vein, for example, by a catheter in the vein. Optionally, imaging is
performed by Doppler using ultrasound.

In an exemplary embodiment of the invention, the method comprises propping
open the vein, for example, using a stent and/or a balloon and/or an expanding device of
the US catheter. Optionally, the lumen is opened to allow the US catheter to be inserted
into the vein. Optionally or additionally, the lumen is opened to ensure sufficient blood
flow across the US emission element and/or the wall for cooling of the element. In
practice, some veins have relatively thin and flimsy walls. Potentially, propping open the
vein helps to maintain a substantially circular cross sectional shape.

In some embodiments, a stent is implanted in a vessel prior to the treatment. In
some embodiments, a stent was previously implanted in a patient, for example due to
unrelated stenosis. Optionally, the stent is covered by endothelial cells. In some
embodiments, a stent is implanted intentionally before and/or during the treatment, for
example to allow applying a higher intensity of the treatment, as will be further
explained.

In an exemplary embodiment of the invention, an ultrasonic energy profile (e.g.,
intensity and/or frequency of US energy, time energy is delivered) applied from the vein
to form the treatment areas near the artery, is relatively higher than would be allowed if

the same catheter would be positioned instead within the artery. Potentially, the distance
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from the energy emitter in the vein to the target tissue is relatively larger than the
distance to the target tissue if the emitter was placed in the artery, which requires
relatively higher energy profiles to achieve the treatment. The comparison refers to
allowed energy profiles that are safe, for example, do not cause damage to the intima of
the arterial wall. Potentially, relatively larger sizes, relatively larger numbers and/or
relatively more damage per area are possible from the vein approach over the arterial
approach. Potentially, the tissue treatment is performed using the vein approach with a
relatively higher degree of safety if the same settings are used (e.g., intensity, time
duration), for example, a relatively lower risk of damage to the arterial intima. In some

embodiments, the vein is stented after treatment to avoid adhesions.

In an exemplary embodiment of the invention, the highest allowable intensity of
the emitted US beam from within the vein to the artery is relatively higher than the
highest allowable intensity if the US was emitted from inside the artery. For example,
about 110% higher than the intensity allowed or about 120%, or about 130%, or about
150%, or about 170%, or about 200% higher, or other smaller, intermediate or larger
intensities are used. Alternatively or additionally, the intensity of US is, for example,
about 10 Watt/cm”2, or about 20 Watt/cm”2, or about 30 Watt/cm”"2, or about 40
Watt/cm”2, or about 50 Watt/cm”2, or about 60 Watt/cm”2, or other smaller,
intermediate or larger intensities are be used. Note that the intensity is selected per
location, as some treatment locations require higher intensities than other locations.
Alternatively, the same intensity setting is used for some treatment locations or for all
treatment locations.

Optionally or additionally, the highest allowable time duration of the delivery of
US energy from the vein is higher than the time duration allowed if the US was emitted
from inside the artery. For example, about 110%, or about 120%, or about 130%, or
about 150%, or about 170%, or about 200% higher, or other smaller, intermediate or
larger time durations are selected. Alternatively or additionally, the time duration of US
is about 5 seconds, about 10 seconds, or about 20 seconds, or about 30 seconds, or about
40 seconds, or about 60 seconds, or about 100 seconds, or other smaller, intermediate or

larger time durations are used.
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In some embodiments, areas are treated for a longer time period instead of with a
higher intensity.

Optionally or additionally, the frequencies used are relatively lower when used in
the vein relative to the artery, for example, if the distance to the target tissue is relatively
larger. For example, about 90%, or about 80%, or about 70%, or about 60%, or about
50%, or other smaller, intermediate or larger percentages. For example, about 5 Mhz, 8§
Mhz, about 10 Mhz, about 15 Mhz, about 20 Mhz, about 30 Mhz, about 40 Mhz, or
other smaller, intermediate or larger frequencies. In some cases, the frequencies used in
the vein can overlap with those used in the artery, for example, where the distance to the
target tissue is substantially the same from the artery or from the vein.

An aspect of some embodiments of the invention relates to an expandable device
for opening a lumen (e.g., vein and/or artery). In an exemplary embodiment of the
invention, the device expands to a predetermined diameter and/or predetermined shape.
Without being necessarily bound by theory, as the vein walls are relatively weaker than
arterial walls and/or are not as elastic, the device shapes the vein into the preselected
shape and/or diameter. In practice, the vein has an irregular shape and/or the vein is in
the collapsed state, which is unsuitable for insertion of the treatment catheter.
Optionally, the device maintains the lumen in a substantially circular open state.

In some embodiments, struts of the expandable device are arranged so as not to
interfere with an ultrasound energy beam or multiple beams being emitted through the
device. Optionally, the struts themselves are designed to not damage walls, for example,
by having rounded edges, for example having rounded peaks, or rounded bending points.

In some embodiments, the device is collapsible for removal from the vein after
treatment. In some embodiments, gradually opening and/or closing the expandable
device is performed mechanically and/or automatically, for example using a lever in the
catheter handle. Alternatively, the device is left in place.

In some embodiments, the expanded device provides a force against the vein
walls that is insufficient to damage the walls (as vein walls are relatively weaker than
arterial walls, and/or are not as elastic).

In some embodiments, the device provides a clearance between the beam source
and the arterial wall. For example, a clearance of at least 0.1 mm, or at least 0.3 mm, or

at least 0.5 mm, or at least 1 mm, or at least 1.5 mm, or at least 2 mm, or at least 3 mm,
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or at least 4 mm, or other smaller, intermediate or larger sizes. Optionally, the clearance
is selected to allow blood to cool the target tissue and/or surrounding tissues.
Alternatively or additionally, the clearance is selected to allow blood to cool the beam
source(s) so that the blood remains below a safe level, for example, below about 42
degrees Celsius, or 45, or 48 or 50, or other smaller, intermediate or larger temperatures.
In some embodiments, the expandable device can be used for preventing direct contact
of the energy emitting element with the wall of the artery or vein.

In some embodiments, the flow of blood is guided to go into the clearance gap,
for example, by a groove on the catheter.

In some embodiments, the device is designed to be used in stenotic arteries (e.g.,
containing plaques), and provides a force against the arterial wall that is sufficient to
maintain a patent arterial lumen against the stenosis (e.g, plaques).

An aspect of some embodiments of the invention relates to applying energy from
within a lumen (e.g., artery or vein) across a lumen patency device (e.g., a stent or stent-
graft) to treat regions (e.g., thermally) in the lumen wall. Optionally, the energy delivery
is performed without damaging the intima of the lumen, for example, the energy
delivery is performed without causing stent deformation, or without heating the stent
struts in contact with the intima to damage the intima. In an exemplary embodiment of
the invention, the blood flow is selected to be high enough to cool the stent. Optionally,
the cooling of the stent by blood flow prevents heating of tissues by the stent to a
temperature high enough to cause damage, for example, no more than about 42 degrees
Celsius, or about 44, or about 46, or other smaller, intermediate or larger temperatures.

In some embodiments, damage to the vessel wall from the heated stent is limited
(at least mostly) to areas covered by stent struts.

In some embodiments, the stent increases the flow rate of blood through the
vessel. In some embodiments, the stent, for example the struts, conduct heat from the
vessel wall to deeper nearby tissue layers, and/or into blood flow. In some embodiments,
the thickness of the stent affects the heating of the tissue, for example a thicker stent
may act as a barrier between the targeted tissue and the applied energy beam. In some
embodiments, the thermal conductivity of the stent material affects the heating of the
tissue, for example by diffusing the heat in a faster rate. In some embodiments, a higher

frequency and/or intensity may be applied when a stent is used, for example to modulate



10

15

20

25

30

WO 2013/157011 PCT/IL2013/050341

18

nerve activity to a certain level. In some embodiments, for example if a portion of the
stent is positioned between an energy beam and the tissue, the stent may create a shadow
like effect on the tissue, and at least a portion of the energy may not affect the tissue.
Optionally, as a result, the shadowed tissue may be cooler than other portions of the
tissue which are directly exposed to the beam.

In some embodiments, at least 0.02-10% or intermediate or larger values of the
vessel wall tissue which is exposed to the energy beam are covered by the stent.

In some embodiments, the stent widens the vessel. Optionally, the widening
allows for a stronger blood flow, for example in comparison to non-stented vessels.
Optionally, the stronger blood flow increases the cooling rate of the tissue. Optionally,
the faster cooling rate of the tissue may decrease the effect of the applied energy on the
tissue. In some embodiments, the stent is used as a cooling mechanism, for example if
turbulence is created along the vessel wall by the stent, optionally diffusing the heat.

In some embodiments, the treatment may be affected by certain stent properties
such as material, size, thickness, structure, electric conductivity, thermal conductivity,
thermal capacity, or any other properties and/or combinations of them.

In some embodiments, the stent may block and/or absorb at least a portion of the
emitted energy. Optionally, as a result, tissue located nearby the stent may not be heated
directly. Additionally and/or alternatively, as a result of absorbing at least a portion of
the energy, the stent may cool nearby tissue. In some embodiments, the stent may
conduct heat from the tissue to the blood flow and/or vice versa, and/or conduct heat
between two or more locations of the tissue.

In some embodiments, the stent is intentionally heated by the applied ultrasound
energy, for example by setting parameters such as frequency and/or direction.

In some embodiments, a system for treating is adapted to treat tissue through a
stent. In some embodiments, the system automatically detects the stent. In some
embodiments, the system has pre-defined parameters for compensating for treatment
through a stent, for example by increasing the applied intensity of the ultrasonic
emission. In some embodiments, the above described parameters may be taken into
account when automatically selecting parameters.

In some embodiments, the system detects the stent using ultrasonic echo waves

returning from the stent. In some embodiments, the system may cancel the stent echo to
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receive clearer echo signals from deeper tissue. In some embodiments, characteristics of
the echo signals are analyzed to determine the existence of the stent. Optionally,
characteristics are analyzed to determine the size, material, and/or positioning of the
stent.

An aspect of some embodiments of the invention relates to applying energy to
disrupt signal propagation from baroreceptors in the carotid sinus to the brain.
Optionally, the disruption treats over-activity of the baroreceptors, for example, carotid
sinus syndrome.

An aspect of some embodiments of the invention relates to applying energy from
within a lumen (e.g., artery) across a plaque and/or a calcified lumen wall to treat areas
in the lumen wall and/or tissue near the lumen (e.g., adventitia, nerves, adipose tissue,
vasa vasorum, arterioles, venules). Optionally, nerves are thermally treated.

In some embodiments, the intensity and/or time settings are higher than the
highest intensity that would be allowable in the same artery without the plaque and/or
calcification. For example, about 10% higher, or about 25%, about 40%, about 50%
higher, or other smaller, intermediate or larger percentages of time and/or intensity.

In some embodiments, a catheter used to apply the energy is sized and/or is rigid
enough to be inserted into the stenotic lumen. Optionally, the catheter is directed over a
guidewire inserted through the stenotic lumen.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not necessarily limited in its application to the details of
construction and the arrangement of the components and/or methods set forth in the
following description and/or illustrated in the drawings and/or the Examples. The
invention is capable of other embodiments or of being practiced or carried out in various
ways.

An aspect of some embodiments of the invention relates to a method of applying
energy to form treatment regions that disrupt conduction of contraction signals in the
wall of the heart. Optionally, the disruption treats over-activity of the myocardium, for
example, atrial fibrillation.

In some embodiments, the treatment regions extend most of the full thickness of

the myocardium. Alternatively, the regions extend partially along the thickness of the
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myocardium (e.g., hypertrophied myocardium). Optionally, the partial thickness regions
are stacked to extend along the full thickness of the thicker myocardium.

In an exemplary embodiment of the invention, the endocardium is not damaged
by the treatment.

In some embodiments, the treatment does not extend far into the pericardium.

OVERVIEW

Referring now to the drawings, Figure 1A is a simplified schematic of the kidney
vasculature, useful for practicing some embodiments of the invention.

In most patients, blood from a right kidney 102 drains into a vena cava 110 by a
right renal vein 106. Blood from a left kidney 104 drains into vena cava 110 by a left
renal vein 108. Right kidney 102 is supplied by blood from an aorta 116 via a right renal
artery 112. Left kidney 104 is supplied by blood from aorta 116 via a left renal artery
114.

A shaded region 118 represents an area and/or volume within vena cava 110 that
is in close proximity to right renal artery 112. A shaded region 120 represents a volume
and/or area within left renal vein 108 that is in close proximity to left renal artery 114.

In an exemplary embodiment of the invention, US energy is applied to tissues
near and/or in the wall of right renal artery 112 through region 118, for example, by a
catheter inserted into vena cava 110. In an exemplary embodiment of the invention, US
energy is applied to tissues near and/or in the wall of left renal artery 114, for example,
by a catheter inserted into the left renal vein.

Figures 1B-1G represent some possible anatomical variations of the anatomy
shown in figures 1A. In each case, the treatment zone within the venous vasculature that
is close to the target tissue (e.g., renal artery wall and/or surrounding tissues) needs to be
re-evaluated and re-selected.

Figure 1B illustrates a left renal vein 122 positioned posterior to an aorta 124. A
treatment zone 126 in close proximity to left renal artery 128 is located further inside
vein 122, towards a left kidney 130.

Figure 1C illustrates a left renal vein 132 connected relatively caudally to a vena
cava 134, in comparison to other anatomies. A treatment zone 136 is located in close

proximity to a left kidney 138.
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Figure 1D illustrates two left renal veins connected to a vena cava 136; an
anterior left renal vein 138 and a posterior left renal vein 140 (relative to an aorta 142).
Depending on the location of a left renal artery 144, treatment zones 146A-B can be
located in anterior vein 138 and/or posterior vein 140.

Figure 1E illustrates a transposed inferior vena cava 146, with a portion above
the kidneys located to the right of an aorta 148 and a portion below the kidneys located
to the left of aorta 148. Treatment of a right renal artery 152 might be possible from a
treatment zone 150 located in the right renal vein 154 (as opposed to within vena cava
146).

Figure 1F illustrates the anatomy of figure 1A, showing the location of a urinary
pelvis 160 and a ureter 162. Treatment of right renal artery 106 might be possible from a
treatment zone 164 located within pelvis 160 and/or ureter 162. Treatment of the left
renal artery can be similarly performed from the left renal pelvis.

Figure 1G illustrates a left renal vein 172 located caudally (e.g., above) relative
to a left renal artery 174. Treatment of left renal artery 174 might be possible from a
treatment zone 176 within left renal vein 172 at the location when vein 172 is close
enough to artery 174, for example, close to a left kidney 170.

It should be noted that patients may present with other anatomies that were not
described. In each case, the anatomy can be evaluated to determine the treatment

location from which to apply the energy.

EXEMPLARY TREATMENT USING THE VEIN APPROACH

Figure 2A shows a method of treating a wall of a first lumen (e.g., artery) in a
human or mammal by applying energy, in accordance with an exemplary embodiment of
the invention. Optionally, the energy is delivered from a second lumen (e.g., vein) in
close proximity to the first lumen. Optionally, an energy emission region is selected to
be sufficiently close to allow energy emitted from the first lumen (e.g., inferior vena
cava) to be directed to form treatment regions around the circumference of the second
lumen (e.g., right renal artery). It should be noted that even if treatment areas cannot be
formed around the entire circumference of the artery, the US emission element can still
be placed close enough to allow energy to be directed to at least some selected target

areas around the artery. For example, the US emission element might be able to target up
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to about 70% of the circumference of the artery, or up to about 50%, or up to about 30%,
or other smaller, intermediate or larger percentages.

It should be noted that figure 2 is not necessarily limited to the method described
below. For example, some steps are optional. The method can be used, for example, to
treat a wall of an artery (e.g., femoral artery, carotid artery) by applying energy from
within the artery, for example, as will be described below.

Optionally, nerves in the arterial wall are treated, for example, sufficiently
damaged to prevent signal conduction. In some embodiments, nerves are treated to
reduce kidney norepinephrine (NE) levels by a preselected amount and/or to a
preselected level. Optionally, renal norepinephrine levels are selectively reduced (e.g.,
relative to a pre-treatment baseline) to a target level, for example, by about 25%, about
33%, about 50%, about 70%, about 80%, about 95%, or other smaller, intermediate or
larger reductions are used. Optionally or additionally, the levels are reduced to a target
range, for example, to about 10%-50%, about 30%-70%, about 20%-40%, or other
smaller, intermediate or larger ranges are used. Alternatively, the levels are reduced to
be below a target threshold, for example, below about 80%, below about 50%, below
about 30%, below about 10%, or other smaller, intermediate or larger values are used.
The selection is performed, for example, using a table correlating one or more treatment
parameters with reduction in NE levels, the data being based on empirical evidence.
Additional details of selective reductions in NE levels can be found, for example, with
reference to provisional application 61/590,423 “Selective reduction of nerve activity”,
incorporated herein by reference in its entirety. Additional details of selective tissue
damage can be found, for example, with reference to PCT/IB2011/054640 “Tissue
Treatment”, incorporated herein by reference in its entirety.

Optionally, at 202, a decision to treat the patient is made, for example, by the
physician, in accordance with an exemplary embodiment of the invention. In an
exemplary embodiment of the invention, the patient suffers from one or more conditions
associated with abnormal renal nerve conduction, not necessarily limiting examples
include; hypertension, heart failure, diabetes, sleep apnea. In an exemplary embodiment
of the invention, the decision is made to treat nerves located in the renal artery wall (e.g.,

right, left or both arteries).
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Optionally, one or more not necessarily limiting indications for the venous route
over the arterial route include;

Difficult to access renal arteries, for example, arteries that are too tortuous for
navigation with the catheter, arteries having diameters that are too small for introduction
of the catheter (e.g., stenotic arteries), arteries having plaques and therefore being at risk
for emboli upon insertion of the catheter.

Increased risk of arterial route; risk of perforating the artery and subsequent
blood loss, risk of damage to the intima.

Potentially, as generally in the body arteries and veins travel in close proximity
many arteries can be treated by the venous route.

Optionally at 204, a treatment plan is selected, in accordance with an exemplary
embodiment of the invention. In an exemplary embodiment of the invention, the
treatment plan comprises one or more treatment parameters, some not necessarily
limiting examples include; frequency of US energy, intensity of US energy, time
duration of US energy, number of targets, and/or location of the targets along the arterial
wall.

In some embodiments of the invention, the treatment plan is correlated with a
damage pattern (e.g., acute damage pattern). In some embodiments of the invention, the
acute damage pattern and/or the treatment plan is correlated with a reduction in a
measureable parameter correlated with nerve activity (e.g., renal norepinephrine). In
practice, the physician selects the desired reduction in renal norepinephrine levels, and
delivers energy according to the correlated treatment plan to produce the acute damage
pattern, for example, as taught in provisional application 61/590,423.

In some embodiments, the correlation between the treatment parameters, the
reduction in the measureable parameter and/or the acute damage pattern are provided by
a correlation table, for example, stored on a memory in electrical communication with a
controller, for example, as will be described with reference to figure 14.

In an exemplary embodiment of the invention, the time period for delivery of
energy per treatment location is, for example, about 5 to 120 seconds, about 5-60, about
10-30, about 20-30, or other smaller, intermediate or larger time ranges.

In an exemplary embodiment of the invention, the US frequency is, for example,

about 5-40 Mhz, or 10-20 Mhz, or other smaller, intermediate or larger ranges.
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In an exemplary embodiment of the invention, the US intensity is, for example,
about 10-60 Watt/cm”2, or 20-50 Watt/cm”2, or 30-40 Watt/cm”2, or other smaller,
intermediate or larger ranges.

Optionally, at 206, the vasculature of the patient is mapped, in accordance with
an exemplary embodiment of the invention. In some embodiments of the invention, the
mapping provides details of the anatomy of the veins, the arteries, and the relative
locations between the veins and the arteries. In practice, patients have variations in
anatomical structures, requiring tailoring of the treatment to the patient. For example, as
described with reference to figures 1B-1E.

Some not necessarily limiting examples of mapping include; CT, angio-CT,
MRI, angio-MRI, angiography, real time ultrasound. Mapping can be performed before
and/or during the procedure.

Optionally, at 218, tissue cooling of the target tissue is taken into account.
Optionally, cooling of the target tissue by blood flow through the lumen near the target
tissue is considered. For example, target tissue near the vena cava is cooled relatively
more by the blood flowing through the vena cava than target tissue further away from
the vena cava. For example, in the case in which two target tissues are the same distance
from the ultrasound emission element, but one is closer to the inner wall of the vena
cava and the other is further away, the close target will be cooled more by the flowing
blood, and the effect may be smaller.

In some embodiments, a table links parameters associated with the treatment area
(e.g., location, size, shape, damage type) with control parameters (e.g., location of US
emitter relative to the vein, blood flow through the vein and/or artery, energy application
parameters). Some other not necessarily limiting examples of associations between
treatment areas and parameters include; one or more functions, one or more rules, one or
more neural networks. In a not necessarily limiting example, the correlation data is used
to obtain the desired treatment region near the vein from the artery.

Optionally, the distance of the target tissue from the lumen is used to adjust the
treatment parameters accordingly to form the selected target region.

Optionally, at 208, the treatment catheter is introduced into the vein using a
percutaneous approach and threaded to the energy delivery site. Some not necessarily

limiting examples of percutaneous access points include; femoral vein, jugular vein.
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In some embodiments, the treatment catheter is inserted into the vein and a
second catheter (e.g., used for reference on imaging) is inserted into the artery.

Optionally, at 210, the lumen from which energy will be delivered to the artery is
propped open, in accordance with an exemplary embodiment of the invention.
Optionally, the vein is propped open for example, using an expanding propping device.

Without being necessarily limited by theory, an explanation is presented of the
difference in structure between veins and arteries. In the body, veins usually have
relatively thinner media layers (e.g., muscular tissues) than arteries of similar size. Due
to the lack of wall support, veins do not retain their shape. Veins are floppy, and
therefore are usually found in the substantially collapsed state (e.g., lumen not fully
patent). Furthermore, the cross sectional area of the lumen may have an irregular shape.
Such veins need to be opened and kept open to allow insertion of the treatment catheter
and/or to ensure sufficient blood flow to cool the catheter.

In an exemplary embodiment of the invention, a device is inserted into the vein
to prop open the vein wall. Additional details are provided, for example, in the section
“EXEMPLARY LUMEN SUPPORT DEVICE”.

Optionally or additionally, the patient is positioned to help with propping open of
the vein. Optionally, the patient is placed in the lateral decubitus position, for example,
to help open up the vena cava by reducing abdominal pressure such as in pregnant
and/or obese patients.

At 212, the US emission element is positioned within the artery to deliver the
selected treatment plan, in accordance with an exemplary embodiment of the invention.
Additional details are provided, for example, in the section “EXEMPLARY US
DELIVERY”.

In some embodiments of the invention, imaging is utilized to assist with
positioning of the catheter inside the vein. Optionally, the artery is imaged from within
the vein. Optionally, the artery and vein are imaged using different devices/approaches,
for example, a contrast releasing catheter is inserted in the artery and a treatment
catheter in the vein. Optionally, imaging is performed by US Doppler, to detect the
relatively fast arterial blood flow. Not necessarily limiting examples of US imaging
include; using the same US transducer to image the artery and to deliver the treatment

(For example, as disclosed in PCT/IB2011/054636 “AN ULTRASOUND
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TRANSCEIVER AND USES THEREOF”, incorporated herein by reference in its
entirety), or a second US transceiver is introduced into the vein to perform the imaging.
Alternatively, imaging is performed from outside the artery and/or external to the
patient, for example, CT imaging during the procedure, fluoroscopic imaging, US
imaging from outside the body.

In some embodiments, to make sure that the catheter in the vein is positioned
towards the artery, the fluoroscopic equipment is rotated until one catheter is positioned
overlapping and/or behind the other catheter.

At 214, US energy is applied to the tissue, to obtain the selected damage profile,
in accordance with an exemplary embodiment of the invention. Optionally, the US
energy is applied according to the selected treatment protocol, not necessarily limiting
examples of parameters include; treatment time, ultrasound intensity, ultrasound
frequency.

Optionally, at 216, feedback associated with the treatment is obtained, in
accordance with an exemplary embodiment of the invention.

Optionally, the artery is monitored for a temporary contraction and/or spasm, for
example, visually on fluoroscopy and/or by instrumentation (e.g., measuring changes in
blood pressure in the artery). Potentially, the contraction is associated with application of
a sufficient amount of US energy to the wall of the artery to form the area of treatment
and not enough to damage the wall.

Optionally, power levels are selected according to the feedback. For example,
after a first treatment (e.g., test point, entire treatment, partial treatment), imaging can be
used to determine the extent of damage (e.g., size of area damaged, percent of area
damage, type of damage). Power levels can then be adjusted according to the imaging
data, to obtain the desired type of damage. For example, intensity can be increased to
form larger damage areas and/or more damage.

Alternatively or additionally, other types of feedback are available, for example,
applying an US signal, sensing the returning US echo, and analyzing the signal to
estimate the amount of damage.

Optionally, 212, 214 and/or 216 are repeated, for example, to provide a plurality

of damage areas according to the selected treatment plan. For example, the catheter is re-
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positioned as in 212, in a different area (or same area) of target tissue which is treated as
in 214 and optionally feedback is obtained to evaluate the treatment as in 216.

It should be noted that the method is not necessarily limiting, for example, some
steps can be performed in different orders. For example, the treatment plan (as in 204)
can be selected after the vasculature has been mapped (as in 206). For example, the vein
can be propped open (as in 210) before the catheter has been inserted (as in 208).
Furthermore, some steps are entirely optional. For example, some veins such as the
inferior vena cava may not require being propped open (as in 210).

Furthermore, it should be noted that the method is not necessarily limited to the
renal vasculature. Other not necessarily limiting examples of tissues surrounding the
wall of a first lumen can be treated by applying energy from a second lumen include;

In some embodiments of the invention, energy is applied from a first artery to a
second artery.

In some embodiments of the invention, energy is applied from the ureter and/or
renal pelvis to treat nerves near the corresponding artery (e.g., right ureter to right renal
artery, left ureter to left renal artery).

In some embodiments, energy is applied from an artery to tissues near a vein.

In some embodiments, energy is applied from a first vein to a second vein.

In some embodiments of the invention, the US emission element is introduced
into the ureter and/or renal pelvis using the urethral approach.

In some embodiments of the invention, energy is applied from the lumen with
blood flowing therethrough. Optionally, no external cooling devices are used, for
example, cooling of the US emission element is accomplished by the blood flow.

In some embodiments, to cool the US emission element inside the ureter, flow of
a suitable cooling fluid (e.g., saline) is introduced, for example, using a tube. The flow
of urine from the kidney alone may be insufficient to adequately cool the US emission

element.

EXEMPLARY LUMEN SUPPORT DEVICE

Figures 3A-D illustrate an expandable device used to maintain a patent lumen,
for example, a renal vein 302, in accordance with an exemplary embodiment of the

invention. The expandable device is used to keep the lumen open to an energy emission
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element to be inserted into the lumen and US energy to be transmitted from the vein to
the target tissue, for example, to a wall and/or tissue near a renal artery 304.
Alternatively, the device is used to keep open a renal artery, for example, a stenotic
artery secondary to atherosclerosis (e.g., renal artery stenosis). In such a case, energy can
be applied from within the artery, through the propping device to treat the arterial wall
and/or surrounding tissue. In some embodiments, the device is used to keep the energy
emission element at a safe distance from the lumen wall. In some embodiments, the
device is deployed to allow enough blood to flow over the ultrasonic emission element
of the catheter to cool the element.

Figure 3A illustrates renal vein 302 in the compressed state, for example, the
usual state of vein 302 as would be encountered during the procedure. In practice, a
catheter cannot be introduced into vein 302, or there is difficulty in introducing the
catheter into compressed vein 302. Furthermore, even if the catheter can be inserted,
compressed vein 302 might not allow enough blood to flow over the ultrasonic emission
element of the catheter to cool the element.

Figure 3B illustrates the introduction of an expandable device into compressed
vein 302. Optionally, the expandable device is a propping device 306. In some
embodiments, propping device 306 is deployed by withdrawing a sheath 308 overlaying
propping device 306. In some embodiments, propping device 306 is deployed by using a
lever, for example a lever in the catheter handle. Optionally or additionally, the
expandable device is self expanding, for example, made out of nitinol, or expandable
balloon made out of stainless steel. Optionally or additionally, the propping device is
collapsible, for removal from the patient after the treatment. Alternatively, the
expandable device is a balloon, or a mechanical device which is able of changing its
geometrical shape actively or passively (e.g., collapsible stent), or other suitable
expandable device can be used. In some embodiments, the expandable device is
unidirectional or multidirectional, for example distancing the energy emission element
from one or more vessel walls, for example 40,90,180,270, 360 degrees or intermediate
values, circumferentially. In some embodiments, the expandable device is distal to the
energy emission element. In some embodiments, at least a portion of the energy
emission element is covered by the expandable device. In some embodiments, the

propping device centers the catheter within the vessel.
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Figure 3C illustrates the deployed propping device 306 in vein 302. In an
exemplary embodiment of the invention, propping device 306 expands to a diameter
sufficiently large to accommodate the catheter with the US emission element, while
leaving room for blood flow sufficient to cool the US element. For example, about 4mm
to 20 mm, or about Smm to 15 mm, or about 5 mm to 10 mm, or about 6 mm to 8§ mm,
or other smaller, intermediate or larger ranges are used. Expanded propping device 306
expands at least a portion of vein 302 to the selected diameter. In some embodiments,
propping device 306 is deployed within a second lumen, for example in artery 304.

In an exemplary embodiment of the invention, propping device 306 expands to a
substantially circular cross sectional shape, although other shapes are possible, for
example, rectangular, oval. Some propping device shapes might shapes the vein wall to
be relatively closer to the target tissue over other propping device shapes.

In an exemplary embodiment of the invention, propping device 306 has a length
of about 10 mm, 20 mm, 30 mm, or other smaller, intermediate, or larger lengths.

In an exemplary embodiment of the invention, propping device 306 is designed
with alternating struts held together by rims at the top and/or bottom. Optionally, the
distance between struts and/or the rim forms a gap sufficiently large to allow the
ultrasound beam to be emitted through the gap without interfering with the propping
device. For example, the gap between struts is at least about 6 mm, or at least about 8
mm, or at least about 10 mm, or at least about 12 mm, or at least about 14 mm, or other
smaller, intermediate or larger sizes. Optionally, the device contains gaps to allow
treatment of all the tissues around the arterial wall. Optionally, the thickness of the strut
is no more than about 0.1 mm, or 0.3 mm, or 0.5 mm, or 0.7 mm, or 1.0 mm, 1.2 mm, or
other smaller, intermediate or larger thicknesses.

Figure 3D illustrates a catheter 312 with an US emission element 310 positioned
within propping device 306. Optionally, US energy 314 is applied through propping
device 306, for example, directed towards artery 304. Optionally, energy 314 is directed
through gaps in cells of propping device 306 and/or between struts of propping device
306. Alternatively, US element 310 is positioned proximal or distal to propping device
306.

In an exemplary embodiment of the invention, propping device 306 is arranged

so as not to interfere with the ultrasound beam directed through the propping device 306
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to the arterial wall and/or surrounding tissue. Alternatively, some interference is
allowed, but the interference is insufficient to transfer heat from propping device 306 to
the intima in an amount sufficient to damage the intima.

In an exemplary embodiment of the invention, propping device 306 in the
expanded state has a diameter that provides for a clearance of at least about 0.5 mm
between US emission element 310 and the lumen wall, or a clearance of at least about 1
mm, at least about 1.2 mm, at least about 1.4 mm, at least about 1.6 mm, at least about
1.8 mm, at least about 2.0 mm, or other smaller, intermediate or larger distances are
selected. The clearance distance is selected based on selected blood flow (e.g., to cool
the wall and/or emission element). For example, relatively higher distances allow for
relatively higher blood flow and relatively higher cooling.

Alternatively, in the case of using an expandable device such as a balloon, the
balloon is expanded proximally or distally to the US emission element.

In some embodiments, two devices are used. One helps the catheter enter the
lumen, and the second device helps maintain a distance from the emission element to the
wall. Examples of suitable distancing devices are described with reference to
PCT/IB2011/054638, incorporate herein by reference in its entirety.

In some embodiments, propping device 306 maintains a distance from the
emission element to the wall in several directions, for example to allow emission in
multiple directions, simultaneously and/or without moving and/or rotating the catheter.

In some embodiments, propping device 306 is sized for use in other veins.

Figure 3E illustrates treatment by the catheter placed within an artery (e.g., renal
artery 320) to treat tissue near the artery. Energy is delivered across a stent 316
positioned in the artery. Optionally, stent 316 is arranged to not intersect US energy 318
applied from within artery 320 to a target 322 in the arterial wall or surrounding tissues.
Alternatively, stent 316 struts intersect US energy 318, but energy 318 is applied to treat
regions beyond stent 316 without damaging tissues in direct contact with stent 316 (e.g.,
intima). For example, standard off the shelf stents may be used with some embodiments.

In some embodiments, stent 316 has been inserted into artery 320 in an earlier
and separate procedure, for example, to treat renal artery stenosis. Alternatively, stent
316 can be inserted into artery 320 during the denervation procedure, for example, to

treat both renal artery stenosis and denervation. Alternatively or additionally, stent 316 is
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inserted into artery 320 to prop open and/or expand the diameter of artery 320 to allow
treatment, for example, if artery 320 contains plaque and/or is tortuous.

In some embodiments, propping device 306 is similar to stent 316, with stent 316
being biased to exert a force against the lumen wall that is relatively stronger than the
force propping device 306 would exert against the wall. For example, stent 316 is biased
to open up a stenosed artery and/or open an artery with plaque. For example, the force
exerted by propping device 306 is relatively weaker, required to provide shape to the
wall of the vein and prevent collapse of the walls, without damaging the walls.

In some embodiments, heating the US absorbing stent by the US emission
element causes the stent to heat and form a treatment region in tissue (e.g artery intima
or media) in contact with and/or adjacent to the stent.

In some embodiments, restenosis is prevented and/or reduced on propping device
306 by heating smooth muscle cells on the arterial wall. Optionally, US treatment
parameters are modified to induce damage to smooth muscle cells in the media of the
arterial wall in order to prevent re-stenosis formation. Possible mechanisms for
prevention or decrease in re-stenosis formation are by suppression of smooth muscle
cells proliferation via heat shock proteins (HSPs). Additionally, heating of the adventitia
may cause damage to the vasa vasorum and reduction in blood supply to the artery wall,
which would result in reduced metabolism in the artery wall. Finally, collagen
denaturation in the artery wall would reduce the possibility of neointima formation.

In some embodiments, the propping device is coated with chemicals (e.g.,
therapeutic drugs). Optionally, the US energy emitted from the catheter releases the
chemicals to the tissue in contact with the stent. Alternatively, the drugs are released
from the propping device without the US energy trigger.

In some embodiments, the propping device is made from an US absorbing
material (e.g., polymer, or polymer-coated metal). Optionally, application of the US
energy from the catheter helps and/or triggers in propping the stent open. For example,
the propping device is made from a shape memory alloy (e.g., Nitinol) that is set with a
temperature above the blood temperature. Applying US energy to the propping device
heats up the device to above the blood temperature, thereby causing expansion of the
propping device. Additionally or alternatively, heating the US absorbing device by the

US emission element makes a hole in the propping device. For example, if the propping
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device is coated with collagen, heating the collagen by applying US energy causes
denaturation of the collagen. The denatured collagen is broken down by the body,
forming the hole. Potentially, the hole enables blood flow, for example, to a small lumen

bifurcating from a larger lumen.

EXEMPLARY US DELIVERY

Figures 4A-D illustrate positioning of a catheter 402 mounted ultrasound
emission element 404 inside a vein, in accordance with an exemplary embodiment of the
invention. Selective positioning is used to obtain one or more selected treatment regions
anywhere around an artery 408. For example, at about O degrees, or at about 15 degrees,
or about 30 degrees, or at about 45 degrees, or at about 60 degrees, or at about 90
degrees, or about 120 degrees, or at about 180 degrees, or at about 210 degrees, or at
about 270 degrees, or at about 300 degrees, or other smaller, intermediate or larger
locations measured in degrees around artery 408. Potentially, the methods allowed for
treatment of nerves are more than one location around the artery, for example, at
opposite sides of the artery. The figures refer to an anatomical orientation in which the
vein and the artery are substantially perpendicular to one another. Figures 4A-C show a
cross section through the anatomy of the patient as seen from the side (e.g., sagittal
plane). Figure 4D is a cross section as seen from the front (e.g., coronal plane). In an
exemplary embodiment of the invention, catheter 402 is positioned inside an inferior
vena cava 406, with US energy directed towards a right renal artery 408 and/or to tissues
surrounding artery 408. Other arteries can be treated from other veins using the
principles described herein.

In an exemplary embodiment of the invention, US energy is applied without
causing damage to the intima of artery 408 and/or vena cava 406.

Figure 4A illustrates US element 404 positioned relatively above artery 408 (e.g.,
cranially, or towards the head). Optionally, US beam 410A is applied to obtain treatment
412 relatively above artery 408. In practice, area 412 is selected to contain one or more
renal artery nerves 414A, for example, in the adventitia and/or perivascular tissue
surrounding the artery.

Figure 4B illustrates US element 404 positioned relatively directly facing artery

408. Optionally, US beam 410B is applied to obtain treatment area 416 relatively in
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front of artery 408 (e.g., between artery 408 and element 404). Alternatively, US beam
410B 1is applied to obtain a treatment area 418 that is relatively behind artery 408 (e.g.,
opposite the location of area 416 relative to artery 408). In practice, areas 416 and/or 418
are selected to contain one or more renal artery nerves 414B-C. The treatment areas can
be near the vein, near the artery, or near both (e.g., about equal distances).

Figure 4C illustrates US element 404 positioned relatively below artery 408 (e.g.,
caudally, or towards the feet). Optionally, US beam 410C is applied to obtain a
treatment area 420 relatively below artery 408. In practice, area 420 is selected to
contain one or more renal artery nerves 414D.

In an exemplary embodiment of the invention, the distance between US element
404 and the top or bottom of artery 408 is no more than about Imm, or about 2 mm, or
about 3mm, or about 4 mm, or about 5 mm, or about 7 mm, or about 10 mm, or other
smaller, intermediate or larger distances are used. In an exemplary embodiment of the
invention, the distance from US element 404 to the nearest point of artery 408 ranges
from about 1 mm to about 20 mm, or about 2mm to 15 mm, or about 1.5 mm to 10 mm,
or about 3 mm to 6 mm, or about 10 mm to 20 mm, or other smaller, intermediate or
larger distances are used.

Figure 4D illustrates US element 404 positioned relatively above artery 408, the
same position as in figure 4A, but using the coronal plane. Optionally, US element 404
is rotated relative to artery 408, for example, by applying a torque to catheter 402.
Rotation of element 404 can apply US beam substantially parallel to the length of artery
408. For example, in a first position US beam 424A is applied to form area of damage

422A, and in a second position US beam 424B is applied to form area of damage 422B.

Figures 5A-C illustrate positioning of a catheter 502 mounted ultrasound
emission element 504 inside a vein, in accordance with an exemplary embodiment of the
invention. Selective positioning is used to obtain selected treatment regions around an
artery. The figures refer to an anatomical orientation in which the vein and the artery are
substantially parallel to one another. Figures SA-B show a cross section through the
anatomy of the patient as seen from the side (e.g., sagittal plane). Figure 5C is a cross
section as seen from the front (e.g., coronal plane). In an exemplary embodiment of the

invention, catheter 502 is positioned inside a left renal vein 506, with US energy directed
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towards a left renal artery 508 and/or to tissues surrounding artery 508. Other arteries
can be treated from other veins using the principles described herein.

In an exemplary embodiment of the invention, US energy is applied without
causing damage to the intima of artery 508 and/or to the intima of vein 506.

Figure 5A illustrates US beam 510A directed to apply energy relatively above
artery 508 (e.g., cranially, or towards the head). In an exemplary embodiment of the
invention, catheter 502 is rotated to position element 504, for example, by applying a
torque to catheter 502. Optionally, an area of damage 512A is formed by the US energy
relatively above artery 508.

Figure 5B illustrates US beam 510B directed to apply energy towards the center
of artery 508. In an exemplary embodiment of the invention, the US energy forms an
area of damage 512B relatively in front of artery 508 (e.g., between artery 508 and US
element 504). Alternatively, an area of damage 512C is formed relatively behind artery
508.

In some embodiments of the invention, US element 504 is rotated from about -60
degrees to about +60 degrees relative to artery 508 (0 being defined as element 504
facing the center of artery 508), or from about -45 to +45 degrees, or about -30 to about
+30 degrees, or about -15 to about +15 degrees, or other smaller, intermediate or larger
arc lengths. Optionally, element 504 is rotated in a stepwise manner, each time a turn of
about 15 degrees, about 30 degrees, about 45 degrees, about 60 degrees, or other
smaller, intermediate or larger angles.

Figure 5C illustrates displacement of US emission element 504 proximally
(shown in solid lines) and distally (shown in dotted lines). Areas of damage are
selectively caused proximally (e.g., area 512C) and/or distally (e.g., 512D) relatively
along artery 508.

In an exemplary embodiment of the invention, rotating catheter and/or displacing
catheter (proximally or distally) causes the US beam produced by the US emission
element to scan above, across and/or below the artery, potentially to form contiguous
treatment regions. Alternatively, energy is applied stepwise, potentially to form spaced
apart regions. For example, to form a first region at the 90 degree position around the
vein, the catheter is rotated to point to the middle of the vein. Energy is applied to reach

the target. For example, to form a second region at the 270 degrees position around the
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vein, the catheter is left in place, but the energy parameters are changed. For example,
the frequency is increased. For example, to form a third region at the 0 degree position,
the catheter is rotated counterclockwise by about 60 degrees, and energy is applied. For
example, to from a fourth region at the 180 degrees position, the catheter is rotated
clockwise by about 120 degrees and energy is applied.

Optionally, US beam 410A is applied to obtain a treatment area 412 relatively
above artery 408. In practice, area 412 is selected to contain one or more renal artery

nerves 414A, for example, the adventitia and/or tissue surrounding the artery.

EXEMPLARY EMBODIMENT — CAROTID DENERVATION

Figure 2B shows a method of using ultrasound for treating tissues surrounding a
lumen and/or in the lumen wall by application of energy from within the lumen.
Optionally, the artery is an internal carotid artery. Optionally or additionally, nerves in
the perivascular tissue around the internal carotid artery are selectively treated, for
example to treat overactive carotid sinus baroreceptors. The baroreceptors detect
changes in blood pressure, causing the brain to send compensatory signals. Improper
signals from the brain lead to symptoms such as fainting (e.g., carotid sinus syndrome).

Figure 9 is a schematic of a right internal carotid artery 902, useful for practicing
some embodiments of the invention. A carotid sinus 910 (comprising baroreceptors in
the wall thereof) is located at internal carotid artery 902 above a bifurcation of a
common carotid artery 906 into internal carotid 902 and an external carotid artery 908.

Optionally, at 222, the decision to treat the patient by treatment of tissue
surrounding the carotid artery is made, in accordance with some embodiments of the
invention. Optionally, the decision is to treat the patient by treating tissues surrounding
the internal carotid artery to disconnect (e.g., disruption of signals) baroreceptors in the
carotid sinus from the brain, for example, the carotid sinus nerve (or the carotid branch
of the glossopharyngeal nerve).

Some not necessarily limiting examples of clinical indications include; one or
more related signs and/or symptoms related to carotid sinus syndrome; patients contra-
indicated for, or that failed a pacemaker; patients unsuitable for carotid adventitial

stripping surgery.
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Optionally, at 224, the treatment plan is selected. In some embodiments, the
treatment plan comprises selectively targeting nerves in the adventitia and/or
perivascular tissue at one or more regions surrounding the internal carotid artery.
Optionally, the regions are spaced apart. Alternatively or additionally, the carotid sinus
is selected for treatment.

In an exemplary embodiment of the invention, the adventitia is selectively
targeted for damage.

Optionally, one side is treated, the left or the right carotid artery. Alternatively,
both sides are treated.

In some embodiments, sufficient treatment regions are planned to prevent
propagation of 100% of the signals passing through the carotid artery and/or carotid
sinus adventitia (e.g., carotid sinus nerve). Alternatively, at least some signaling is
selectively preserved, for example, signaling is reduced by about 90% from the original
signal, or about 80%, or about 70%, or about 50%, or about 30%, or other smaller,
intermediate or larger percentages are selected. Alternatively or additionally, the
transmitted signals are weakened; for example, the amplitude of the signal is reduced.

Optionally, at 226, the vasculature of the carotid bifurcation and/or internal
carotid artery is evaluated. Optionally, the presence of a plaque is determined, for
example, by Doppler ultrasound. Patients with plaques may require deployment of a
stent to increase the size of the lumen. Optionally, the presence of a patent Circle of
Willis is evaluated (to ensure collateral blood flow from both internal carotid arteries to
the brain), for example, by CT and/or Doppler. Patients may require collateral blood
flow for safety reasons.

Optionally at 228, the catheter is inserted into the vascular and threaded into the
internal carotid artery. Not necessarily limiting examples of percutaneous access sites
include; femoral artery, radial artery.

Optionally at 230, the lumen of the internal carotid artery is expanded to allow
the catheter to be inserted. For example, the internal carotid artery is stenotic and/or
contains a plaque. In some embodiments, a specially designed stent is used, for example,
as described in the section “EXEMPLARY LUMEN SUPPORT DEVICE”.
Alternatively, an off the shelf stent can be used, for example, a stent used to treat

stenotic carotid arteries.
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At 232, an energy emission element (e.g., ultrasound transducer 912) is
positioned within carotid sinus 910. Optionally, the US element is positioned to form the
selected treatment regions in accordance with the selected treatment plan.

At 234, energy is applied to the wall of carotid sinus 910 and/or the lower
segment of internal carotid artery 902, for example, from the bifurcation to about 1 cm
above the bifurcation, or about 2 cm, or about 3 ¢cm, or about 4 cm, or about 5 cm above
the bifurcation, or other smaller, intermediate or larger distances.

In some embodiments of the invention, energy is selectively applied to treat the
artery wall, surrounding tissue and/or nerves. Optionally, the nerves in the adventitia are
sufficiently treated to decrease signal transmission.

In some embodiments, the intima is not damaged by the treatment. Optionally or
additionally, the media is not damaged by the treatment.

Figures 10A-D are some not necessarily limiting examples of damage patterns, in
accordance with some embodiments of the invention. For clarity, the carotid sinus and/or
portions of the internal carotid artery are shown as unrolled.

Figure 10A is an example of a checkerboard pattern of spaced apart treatment
areas.

Figure 10B is an example of alternating spaced apart treatment areas.

Figure 10C is an example of treatment areas spaced apart along the length of the
artery to cover the circumference.

Figure 10D is an example of overlapping and/or contiguous damage areas, for
example, using the patterns of figures 10A-C.

In some embodiments, the tissue damage pattern includes a circumferential
damage.

In an exemplary embodiment of the invention, the carotid artery wall can be
treated with relatively higher intensities, for example, relative to treatment of the renal
artery wall.

In an exemplary embodiment of the invention, the intensity is, for example,
about 10 Watt/cm”2 to about 50 Watt/cm”2, or about 20 Watt/cm”2 to about 40
Watt/cm”2, or about 10 Watt/cm”2 to about 30 Watt/cm”2, or other smaller,

intermediate or larger intensities.



10

15

20

25

WO 2013/157011 PCT/IL2013/050341

38

In an exemplary embodiment of the invention, the times are, for example, about
1 second to about 60 second, or about 5 sec to about 30 sec, or other smaller,
intermediate or larger times are selected.

Optionally or additionally, the intensity and/or times are, for example, about 5%
to about 50% higher and/or longer relative to the renal artery wall, or for example, about
10% to about 40%, or about 10% to about 30%, or about 15% to about 20%, or other
smaller, intermediate or larger percentages.

Alternatively or additionally, the highest intensity of the transmitted energy used
to treat nerves in the carotid artery is lower relative to the energy applied in the renal
artery to treat renal nerves. For example, the intensity is reduced by about 5%-20%, or
by about 5%-10%, or by about 10%-15%, or by about 10%-20%, or other smaller,
intermediate or larger reductions are used.

In some embodiments, energy is applied to selectively block the vasa vasorum of
the adventitia. Potentially, blocking the vasa vasorum reduces the blood supply to the
adventitia and/or nerves located therein, disrupting signal propagation through the
nerves.

Optionally, at 236, feedback is obtained, for example, to evaluate the
effectiveness of the treatment. Optionally, the feedback evaluates the ability of the
nerves to conduct signals, for example, by performing a manual carotid massage and
checking changes in blood pressure and/or pulse rate. Alternatively or additionally, the
feedback evaluates the tissue damage, for example, by analysis of US echoes.

Optionally, one or more steps are repeated, for example, the transducer is
repositioned as in 222 and/or energy is applied again as in 224. For example, to re-treat
the same region and/or treat another region.

A potential advantage of the method to treat the carotid sinus nerve, is that the
method can be performed even in patients contra-indicated for surgery, for example,
patients with plaques and/or at risk of a stroke, as the method does not require touching
the wall and/or does not block blood flow to the brain. In some cases, patients with lack

of blood collateral blood flow (e.g., incomplete Circle of Willis) can be safely treated.
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EXEMPLARY EMBODIMENT — LIMB VESSEL. DENERVATION

Figure 2C shows a method of using ultrasound for treating of tissues surrounding
a lumen in a limb, for example, the femoral artery and/or vein in the leg, brachial artery
in the arm. Optionally or additionally, nerves in the wall of the limb artery are
selectively treated, for example to treat an overactive sympathetic nervous system.
Inventors hypothesize, that reducing the activity of the sympathetic nerves in the vessel
wall will dilate the end vessels (e.g., where arterial blood meets venous blood) to allow
more blood to flow to the limb.

To help understand the method, figure 11 is a schematic, showing a cross section
through a right thigh of a patient, illustrating the relative positions of a femoral artery
1102, a femoral vein 1104 and a femoral nerve 1106. In some cases, femoral artery 1102
contains a plaque 1110 and/or calcified walls 1112. A catheter 1108 having an energy
emission element 1114 (e.g., ultrasound) is positioned inside the stenotic lumen. In some
embodiments, a pencil beam of unfocused ultrasound 1116 is directed to treat a region
1118 containing one or more nerves in the arterial wall (e.g., adventitia) and/or
surrounding tissue. Optionally, beam 1116 traverses plaque 1110 and/or calcification
1112 to treat region 1118. In some embodiments, beam 1116 is adjusted to be safely
used around the circumference of artery 1102, for example, beam 1116 will not damage
nerve 1106. Alternatively, beam 1116 is pointed away from nerve 1106, for example the
presence of nerve 1106 is first mapped and/or detected (e.g., using fluoroscopy and/or
ultrasound).

Alternatively, in some cases, beam 1116 is pointed to treat nerves that are
bunched together, for example, to treat nerve 1106.

In some embodiments of the invention, the described method is used to perform
renal denervation through a plaque in the renal artery.

A potential advantage of the described method is to deactivate nerves (e.g.,
sympathetic nerves) in an arterial wall, for example, to increase blood flow to the lumen
(e.g., to treat a diabetic foot) and/or to reduce kidney norepinephrine levels (e.g., to treat
hypertension). Potentially, the described method provides for treatment of the wall
through the plaque, without causing the vessel and/or plaque to rupture, for example, a
possible risk with an expansion balloon.

Optionally, at 242, the decision to treat is made for example, by the physician.
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Some not necessarily limiting examples of clinical indications for the treatment
include; critical limb ischemia, repeated infections, gangrene, wounds that do not heal,
and/or risk of amputation, due to, for example, peripheral arterial disease, occlusive
pathologies, diabetes. In some cases, end organ damage due to hypertension is an
indication (e.g., kidney damage). In some cases, a possible indication is prevention of
exaggerated vasoconstriction to cold, for example Raynaud's phenomenon.

Some not necessarily limiting treatment outcomes include; vasodilation of the
treated blood vessel and/or vessels innervated by the treated nerves, relatively increased
collateral blood flow (more blood can help in healing the limb), relatively decreased
blood pressure in the treated lumen and/or downstream vessels, decrease in symptoms
related to sympathetic neural activity (e.g., sweating), reduction in pain. In practice, the
following scenarios might be observed; all of the treatment outcomes occurring together;
decrease in blood pressure and vasodilation occurring together.

In some embodiments, the magnitude and/or percent change in parameter (e.g.,
vasodilation, blood flow, blood pressure, sweating, pain reduction) are selected
according to the amount of tissue treated surrounding the lumen. For example, according
to a table of correlation values correlating the percent change in parameter with the
amount of tissue treated and/or with treatment parameters (e.g., frequency, intensity,
time).

Optionally, at 244, the treatment plan is selected, for example, by a physician
performing the treatment.

In a non-limiting example the treatment plan comprises:

Selecting the affected leg for treatment (left or right). If two legs need treatment,
one can be performed at one time.

Selecting the level of the major blood artery for treatment. For example, treating
at the level of the external iliac, the level of the femoral artery and/or the level of the
popliteal artery.

Selecting the number of treatments per level, for example, 4.

Selecting the pattern of treatments per level, for example, spaced apart by 90
degrees substantially at the same level (e.g., by rotating the catheter without axial

displacement).
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Selecting the treatment parameters per location, for example, about 30 seconds,
about 20 Watt/cm”2, about 20 Mhz.

In some embodiments, the treatment is selected to selectively reduce activity of
sympathetic nerves, for example, nerves in the wall and/or surrounding tissue of the
blood vessel. For example, about 100% of the nerves are treated to prevent signals from
passing therethrough, or about 90%, about 80%, about 70%, about 50%, about 30%,
about 20%, or other smaller, intermediate or larger percentages.

In some embodiments, the treatment plan is selected to not damage nearby non-
sympathetic nerves (e.g., motor and/or sensory), for example, the femoral nerve which
runs in close proximity to the femoral artery. Optionally, the treatment is selected to be
confined to the arterial wall, for example, no more than about 1.5 mm from the intima,
or about 2mm, or about 2.5 mm, or about 3 mm, or about 4 mm, or about 5 mm, or about
7 mm, or other smaller, intermediate or larger distances are selected.

Optionally, at 246, the limb vessels are mapped to provide a baseline of the state
of the patient before treatment and/or to adjust the treatment parameters accordingly. In
some embodiments, the blood flow through the limb is evaluated, for example, using the
Ankle Brachial Pressure Index. Optionally, the arterial wall is evaluated for stenosis
(e.g., due to plaques), for example, by Doppler. Optionally or additionally, the arterial
wall is evaluated for the presence of calcification, for example, by ultrasound.

In some embodiments, the presence of plaque and/or calcification is used to
adjust the treatment plan.

In an exemplary embodiment of the invention, relatively higher intensities and/or
relatively higher treatment time durations are used to treat nerves beyond the plaque
and/or calcified wall (e.g., in the wall of the vessel). The values are higher than the
highest settings that would allowable if the lumen did not contain calcified walls and/or
plaque.

In an exemplary embodiment of the invention, contact between the US emission
element and the plaque and/or vessel walls is prevented. Optionally, the distancing
device (e.g., as described herein and/or in the related applications) is used to prevent
contact.

In an exemplary embodiment of the invention, treatment is selected to not

damage the intima contacting the plaque.
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In an exemplary embodiment of the invention, the intensity and/or times are, for
example, about 10% to about 50% higher and/or longer relative to the same vessel
without plaque, or for example, about 10% to about 40%, or about 10% to about 30%, or
about 15% to about 20%, or other smaller, intermediate or larger percentages.

Optionally, at 248, the catheter is inserted. In some embodiments, the catheter is
sufficiently small to pass through a stenotic lumen. For example, the catheter is sized to
fit inside a lumen having a diameter of about 3mm, or about 4 mm, or about Smm, or
other smaller, intermediate or larger sizes. Optionally or additionally, the catheter is
sufficiently rigid and/or a force sufficiently strong is transmittable so as to force the
catheter through the stenotic lumen.

Optionally, at 250, the lumen is propped open. In some embodiments, a stent is
first inserted inside the artery, for example, inside a stenotic artery.

Without being bound by theory, the sympathetic denervation potentially
increases blood flow through the arterial-venous junction (e.g., at the capillary level),
helping to provide blood flow to the areas of the foot that need it more, for example,
ulcers. The stent potentially increases blood flow through the blood vessel, which helps
increase the blood flow to the capillaries. Both treatments potentially work
synergistically to increase blood flow to the limb, but each treatment on its own is also
useful.

At 252, the energy emission element (e.g., pencil beam of unfocused ultrasound)
is positioned inside the lumen (e.g., artery). Optionally, the US element is positioned
within the stenotic region of the artery (e.g., plaque). Alternatively, the US element is
positioned proximal to the stenotic region (e.g., relative to blood flow). Alternatively,
the US element is positioned distal to the stenotic region.

At 254, energy is applied to the lumen wall by the energy emission element.
Optionally, energy is applied anywhere along the circumference of the artery.
Alternatively, energy is prevented from being applied towards large nerves passing in
close proximity to the artery, for example, the femoral nerve.

In an exemplary embodiment of the invention, the ultrasound energy passes
through the plaque on the way to the target tissue at the arterial wall. Alternatively or
additionally, the ultrasound energy passes through calcification on the way to the target

tissue.
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In an exemplary embodiment of the invention, US echoes are used for imaging
and/or detection of the calcification, according to the returning energy. Such imaging
can be used, for example, for changing the treatment location and/or for modification of
US treatment parameters (e.g. intensity, time duration).

Optionally, at 256, feedback is used to evaluate the treatment. Optionally, a
parameter associated with the treatment is measured before the procedure. Optionally or
additionally, the parameter is measured after the procedure and compared with the pre-
treatment parameter value, for example, the comparison is against the selected reduction
or increase in the parameter value.

Some not necessarily limiting examples of parameters include; norepinephrine
(NE) levels in the limb, blood flow in the limb, healing of wounds in the limb.

In some embodiments, the treatment is repeated, optionally based on feedback.
For example, the patient is brought back for treatment of the same limb if the blood flow

is still inadequate.

EXEMPLARY EMBODIMENT — HEART DENERVATION

Figure 2D shows a method of using ultrasound for treating of tissues inside the
heart, for example, the wall of the left atrium at the ostium of one or more pulmonary
veins. In an exemplary embodiment of the invention, energy is applied to reduce and/or
stop conduction of contraction signals along the wall of the heart, for example, by
myocardial cells. Optionally, treatment of the myocardium treats atrial fibrillation.
Inventors hypothesize that selectively damaging tissue prevents conduction of abnormal
contraction signals, thereby reducing or preventing abnormal heart contractions.

To help understand the method, figures 16A-B are schematics, showing the
anatomy of the heart and possible treatments, in accordance with an exemplary
embodiment of the invention. Figure 16A is a cross sectional view of the heart, showing
pulmonary veins draining into a left atrium. To treat atrial fibrillation (e.g., abnormal
contraction signals originating from the pulmonary veins), the ostium of the pulmonary
vein is treated to prevent abnormal signal conduction from the vein to the atrium by

treating tissues at location ‘C’.
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Figure 16B illustrates a catheter 1604 having an US element 1602 optionally
positioned in a left atrium 1606. Optionally, US element 1602 is positioned at or near
ostium 1612 of one or more pulmonary veins 1614.

In some embodiments, a guidewire 1652 (e.g., threaded into pulmonary vein
1614 is used to help guide and position catheter 1604. Optionally or additionally, a
distancing device 1652 (e.g., as described with reference to PCT/IB2011/054638) is used
to reduce and/or prevent contact between US element 1602 and heart wall 1608.

Optionally, US beam 1618 forms one or more treatment regions 1616A-F in
heart wall 1608. The layers of wall 1608 (from inside to outside) are endocardium 1622,
myocardium 1620, epicardium 1662 and pericardium 1660. Optionally, regions within
the atrium are treated, for example, as illustrated by treatment region 1616D.
Alternatively or additionally, regions within the atrium around one or more pulmonary
veins are treated, for example, as illustrated by treatment regions 1616A-C. Alternatively
or additionally, regions within a branch of pulmonary veins are treated, for example, as
illustrated by treatment regions 1616E-F. Alternatively or additionally, regions inside
the pulmonary veins are treated, for example, as represented by treatment regions
1616G-H. Alternatively or additionally, treatment regions include endocardium 1622,
for example, as represented by treatment region 16161

Optionally, at 262, a decision to treat a patient is made, for example, by the
physician. In a non-limiting example, an indication for treatment is arrhythmia
originating from a defined location, for example, atrial fibrillation triggered or caused by
signals from the pulmonary veins.

Optionally, at 264, a treatment plan is selected, for example, by the physician. In
a non-limiting example, the treatment plan comprises:

Gross anatomical location of the treatment regions: Optionally, forming a
substantially contiguous ring around the ostium so that signals from the pulmonary veins
are unable to enter into the left atrium (cross section of the ring shown in figure 16B).
For example, one large ring can be formed around the ostiums of the 4 pulmonary veins,
or rings can be formed around individual ostiums of each pulmonary vein. Alternatively,
the ring is not entirely continuous, but the gaps don’t allow enough signal to travel
through to trigger the arrhythmia. Alternatively or additionally, treatment is around the

inside of one or more pulmonary veins. For example, 100% of heart tissue around the
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ostium is treated, or 100% of tissue forming an enclosed ring on the heart wall is treated,
or at least 90% of the areas, or at least 80%, or at least 70%, or other smaller,
intermediate or larger percentages. Alternatively, non-ring patterns can be formed, for
example, straight or zig-zagging lines, for example to block mapped irregular electrical
activity.

Fine anatomical location and/or size of the treatment regions: Optionally, the
treatment regions are selected to not damage the endocardium. Optionally or
additionally, the treatment regions are selected to damage most of the entire thickness of
the myocardium. Optionally, a gap is left between the damage area and the endocardium,
for example, the gap is no more than about 0.01 mm, or 0.1 mm, or 0.3 mm, or 0.5 mm,
or 0.7 mm, or 1 mm, or other smaller, intermediate or larger sizes. Optionally or
additionally, some damage into the pericardium is allowed (e.g., in order to achieve the
damage to the myocardium), for example, no more than about 0.5 mm, or about 1 mm,
or about 2 mm, or about 3 mm, or about 5 mm, or other smaller, intermediate or larger
distances.

Type of damage: Optionally, the treatment regions are selected to damage the
entire thickness of the myocardium so that the myocardial cells are unable to transmit
contraction signals through the damage region. For example, the myocardial cells are
killed by the US energy. In an exemplary embodiment of the invention, about 100% of
cells within the treatment region are killed, or at least 90%, at least 80%, at least 70%, at
least 60%, or other smaller, intermediate or larger percentage of cells.

Frequency: The frequency is, for example, about 15 Mhz — 40 Mhz, or about 15
Mhz — 20 Mhz, or about 20 Mhz — 30 Mhz, or about 15 Mhz — 30 Mhz, or other smaller,
intermediate or larger ranges.

Intensity: The intensity is, for example, about 20-50 Watt/cm”2, or about 20 — 40
Watt/cm”2, or about 25 — 35 Watt/cm”2, or other smaller, intermediate or larger ranges.

The treatment time per location: for example, about 20 seconds — 120 seconds, or
about 20-30 seconds or about 30-60 seconds, or about 10-20 seconds, or about 10-30
seconds, or other smaller, intermediate or larger values.

Optionally, at 266, one or more heart measurements are performed.

Optionally, the thickness of the myocardium is measured. Optionally, the

parameters are adjusted according to the thickness. For example, the normal
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myocardium can measure, for example, about 0.6 cm to 1.1 cm. For example, a
hypertrophied myocardium can measure, for example, about 1.2 cm, about 1.5 cm, about
2.0 cm or other smaller, intermediate or larger thicknesses. In some cases, if the
myocardium 1is thick, treatment regions may need to be stacked and/or overlapped to
cover the entire thickness.

Optionally, the blood flow around the treatment area is measured, for example, to
determine if there is adequate blood flow to cool the endothelium and/or the US
emission element, or if blood flow is inadequate (e.g., stagnates).

Optionally, the electrical activity in the heart is mapped to determine the path of
the abnormal signals, for example, by ECG, invasive electrophysiological mapping or
other methods.

Optionally, at 268, the catheter is inserted and threaded to the target location. In
one example, the catheter is inserted through the right femoral vein, into the right atrium,
and inserted into the left atrium using a transseptal approach. Optionally, the catheter is
steerable to allow control over navigation and placement.

In some embodiments, the treatment catheter has a position sensor, and the
position and/or orientation are sensed relative to another catheter in the heart to make
sure that the treatment catheter is correctly aimed.

In some embodiments, the catheter is positioned inside a coronary artery.
Alternatively, the catheter is positioned inside the lungs. Alternatively, the catheter is
positioned inside the chest. Alternatively, the catheter is inserted through the chest wall.
Alternatively, the catheter is positioned in the adjacent atrium (e.g., right atrium to treat
the left atrium).Alternatively, the catheter is positioned inside the pulmonary artery, for
example to treat the pulmonary vein.

At 270, the US emitter is positioned to produce the desired treatment region.
Optionally, the US emitter is posited with a gap between the emitter and the heart wall,
for example, about 1 mm, about 1.5 mm, about 2 mm, about 2.5 mm, about 3 mm, about
4 mm, about 5 mm, or other smaller, intermediate or larger distances. Optionally, the
catheter comprises a distancing device to maintain the gap.

At 274, the US emitter applies energy to the heart wall.

In an exemplary embodiment of the invention, the heart wall is treated by

treating selective regions. Optionally, the selective regions are treated in small steps
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(e.g., treat one area, then slightly rotate or axially reposition the catheter and treat
another area). For example, the heart wall is treated in 1 step, or 2, or 4, or 5, or 8 or 10,
or 15, or 20, or 25, or 30 steps, or other intermediate or larger number of steps.

In some embodiments, the US energy is emitted throughout the cardiac cycle. In
such a case, the catheter can be positioned inside the atrium aimed at the wall. Slight
movement of the catheter relative to the wall due to the heartbeats is allowed and
potentially useful in forming slightly larger areas of thermal damage than if the catheter
did not move. Alternatively, the US energy is emitted only during certain phases of the
heart beat cycle, for example, during diastole (when the heart is at rest). Optionally,
ECG data is synchronized with the US controller to emit the US energy during diastole.

Optionally, at 274, feedback about the treatment is obtained. Optionally, the
heart wall is stimulated to determine if the signal conduction path has been blocked by
the treatment.

Optionally, the treatment is repeated. For example, the catheter is left in place
and the same settings are used to treat the same area again. Alternatively, for example,
the catheter is repositioned (e.g., rotated) to treat other regions of the wall, for example,
to form the continuous ring. Optionally, the treatment is adjusted, for example, to adjust
the location and/or size and/or damage of the treatment regions.

In some embodiments, treatment regions are stacked one on top of another and/or
overlap (some lateral displacement is allowed) to cover the entire thickness of the
myocardium, for example, as may be required in patients having very thick

hypertrophied myocardium that cannot be traversed by a single treatment region.

EXEMPLARY TREATMENT SYSTEM

In an exemplary embodiment of the invention, the patient is treated according to
the selected treatment parameters. Figure 14 is a schematic illustration of an exemplary
treatment system 1600, according to an exemplary embodiment of the invention. System
1600 provides for the control of the ultrasound treatment and/or monitoring of the
treatment using a catheter 1222. It should be noted that system 1600 is not necessarily
limiting, and other suitable devices can be used.

In an exemplary embodiment of the invention, an operator (e.g., physician

performing the procedure) programs a controller 1602 (e.g., computer) for treatment
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using a user interface 1604 (e.g., keyboard, mouse, monitor). Optionally, treatment is
monitored, for example, by viewing feedback parameters on interface 1604.

In an exemplary embodiment of the invention 1604, comprises a display for
displaying, for example, parameters related to treatment, for example, settings and/or
real time parameters. Not necessarily limiting examples of displayed items include; time
of current treatment, blood temperature, set ultrasound frequency, set ultrasound
intensity.

In an exemplary embodiment of the invention, a control port 1606 provides
electrical power to electrodes across element 1760 (e.g., piezoelectric), causing element
1760 to vibrate at the set frequency, outputting a selected ultrasound intensity profile.

In some embodiments of the invention, control port 1606 serves as input to
controller 1602 from catheter 1222 and/or transducer 1762. Not necessarily limiting
examples of input include; imaging data, efficiency information, impedance of
transducer, temperature of blood.

In an exemplary embodiment of the invention, catheter 1222 comprises an
acoustic element 1760 (e.g., part of transducer 1762) to deliver ultrasonic energy to
selectively treat nerves. Optionally, controller 1602 controls the activation of US
emission element 1760. In an exemplary embodiment of the invention, transducer 1762
is capable of relatively high intensity ultrasound output. An example of a suitable
acoustic emission element is described, for example in PCT application 1B2011/054635

by the same inventor (Sverdlik et al.), incorporated herein by reference in its entirety.

In some embodiments, contact between an acoustic element 1760 of transducer
1762 and a wall of a blood vessel (e.g., renal artery), is reduced and/or prevented, for
example, by a separation device, for example as described in more detail in PCT
application IB2011/054638 by the same inventor (Sverdlik et al.), incorporated herein by
reference in its entirety. Optionally, the separation device maintains a distance between
element 1760 the blood vessel wall of at least Imm.

A zoom-in schematic of transducer 1762 is illustrated. In an exemplary
embodiment of the invention, transducer 1762 comprises of a substantially rectangular
and planar ultrasound element 1702, for example, a piezoelectric element. A length of

element 1702 is, for example, about 1mm, about 2 mm, about 4 mm, about 6 mm, about
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8 mm, about 10 mm, or other smaller, intermediate or larger lengths are used. A width of
element 1702 is for example, about 0.2 mm, about 0.6 mm, about 1.0 mm, about 1.4
mm, about 2.0 mm, or other smaller, intermediate or larger widths are used.

In an exemplary embodiment of the invention, electrodes 1704A-B are located
on opposite sides of element 1702. Electrodes 1704A-B provide an alternating voltage
gradient which causes element 1702 to emit ultrasound energy.

In an exemplary embodiment of the invention, element 1702 is suspended above
a support board 1706, for example, by a plurality of attachment areas 1708. In a non-
limiting example, areas 1708 are drops of a non-conductive material such as glue.

In an exemplary embodiment of the invention, a gas (e.g., air) bubble 1710 is
suspended between element 1702 and board 1706. Without being bound to theory,
bubble 1710 provides for element 1702 to vibrate efficiently and emit relatively high
intensity ultrasound energy. In an exemplary embodiment of the invention bubble 1710
is not sealed within transducer 1762; upon submersion of transducer 1762 in liquid (e.g.,
blood, saline) bubble 1710 is formed.

In an exemplary embodiment of the invention, element 1702 is flat.

In an exemplary embodiment of the invention, the ultrasound beam is a pencil
beam, for example, emanating from element 1702 without substantial deviation to the
sides. Optionally, the beam is softly focused, for example, the US emitter is slightly
curved, but not curved enough for the US beam to converge at a focal point. For
example, not to a focal point, but to a volume relatively larger than if the beam was
focused. Optionally or additionally, the beam is somewhat defocused. Optionally or
additionally, the beam is broad, for example, slightly diverging. Optionally or
additionally, the beam is unfocused; for example, US energy is not directed towards a
focal point. Optionally or additionally, the beam has an aperture angle which is small
relative to the initial beam width, for example, less than about 10 degrees, less than
about 15 degrees, less than about 20 degrees, less than about 30 degrees, or other
smaller, intermediate or larger angles. A potential advantage is that the beam energy
density is substantially distance independent, except for absorption in tissue. Potentially,
the distance between the beam source and the target area does not need to be controlled.

In an exemplary embodiment of the invention, the energy density of the beam is

relatively high (exemplary values described through the specification). Potentially, the
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high energy density allows for effective tissue interactions, for example, nerve treatment
without significant heat damage to surrounding tissues.

In an exemplary embodiment of the invention, the radiation of US from the flat
plane provides for an ultrasound beam that has areas in which the energy density
increases as a function of distance from the source, for example, in hot spot regions
caused by additive interference of the US waves.

In an exemplary embodiment of the invention, the US beam is a non-uniform
field, for example, due to interference between the US emanating from the edge of the
emitter and from the central portions of the emitter forming patterns of hot spots.
Alternatively or additionally, the non-uniform field is caused by variations in damping
of the US emitter, for example, for the flat plate emitter supported at a plurality of areas,
one or more areas can be damped to different degrees so that the emitter vibrates
differently at the different areas producing local variations in the US beam.

In an exemplary embodiment of the invention, a memory 1720 is coupled to
controller 1602. Optionally, memory 1720 stores one or more parameters related to the
treatment plan (e.g., correlation values), non-limiting examples include; treatment time,
ultrasound intensity, ultrasound frequency, and/or other values as described herein.
Optionally, memory 1720 contains one or more of the treatment parameters correlated
with reduction in function of nerves carrying signals from the carotid baroreceptors to
the brain. Alternatively or additionally, memory 1720 contains one or more treatment
parameters correlated with reduction in function of sympathetic nerves surrounding
stenotic arteries. Alternatively or additionally, memory 1720 contains one or more
treatment parameters correlated with the formation of treatment regions (e.g., reduction
in nerve function) in a wall of a lumen containing a deployed stent. Alternatively or
additionally, memory 1720 contains one or more treatment parameters correlated with
the formation of treatment regions (and/or reduction in nerve function) around a first
lumen when energy is applied from a second lumen.

In an exemplary embodiment of the invention, a feedback module 1730 is
coupled to controller 1602. Optionally, module 1730 is programmed to analyze returning
signals from catheter 1222, non-limiting examples include; efficiency of transducer,

impedance, blood temperature. Optionally, module 1730 adjusts one or more settings to
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obtain the desired results, and/or stops the transmission of energy if there is a safety
issue.

In an exemplary embodiment of the invention, controller 1602 uses memory
1720 and/or memory 1730 to set and apply parameters. Optionally, controller 1602
compares feedback (e.g., from feedback module 1730) to the data on memory 1720
and/or 1730. Optionally, the treatment parameters are changed according to the
comparison.

In an exemplary embodiment of the invention, an imaging module 1740 is
coupled to controller 1602. Optionally, module 1740 is programmed to analyze returning
signals from transducer 1762 and/or other energy emission elements, for example, to
image the arterial wall using ultrasound energy, for example, Doppler.

In some embodiments of the invention, catheter 1222 is sold pre-marked and/or
pre-packaged with settings to obtain the desired effect. Optionally, memory 1750 is
coupled to catheter 1222 and contains the settings, for example, the settings of memory
1720. In some embodiments, catheter 1222 is plugged into controller 1602, for example
through port 1606, programming controller 1602 with the settings of catheter 1222 (e.g.,
on memory 1750). Some non-limiting examples of possible catheters 1222 include; a
catheter with pre-settings for reducing renal nerve function by at least 50% when energy
is applied to the right renal artery from the inferior vena cava and/or to the left renal
artery from the left renal vein), a catheter with pre-settings for reducing sympathetic
limb nerve function by at least 30% or by at least 50% when applied through a stenotic
lumen, a catheter with pre-settings for reducing nerve function by at least 30% or by at
least 50% when energy is applied across a stent in the lumen, a catheter with pre-settings
for reducing function of nerves carrying signals from carotid baroreceptors by at least
30% or by at least 50%, or other settings as described herein are possible.

In an exemplary embodiment of the invention, one or more functions and/or
parameters and/or settings are programmed and/or set into controller 1602 and/or stored
on memory 1720 (e.g., automatically determined by software such as according to a
treatment plan). Optionally or additionally, one or more functions and/or parameters are
selectable (e.g., manually set by a user, automatically selected by software).

In an exemplary embodiment of the invention, feedback module 1730 and/or

imaging module 1740 are configured for detecting a stent in the vicinity of transducer
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1762. In some embodiments, at least a part of the stent is positioned between the
energy emitting element and the vessel wall. Optionally, at least a portion of the vessel
wall surface area such as 20%, 40%, 80% and/or intermediate or higher values is
covered by the stent. In some embodiments, each setting of the stent, for example as
described above, has a pre-defined parameter setting.

In some embodiments, the stent is detected using ultrasonic echo signals, for
example by detecting varying intensity of the returning signals. Optionally, the energy
emission element sends and/or receives signals to and back from the stent.

In some embodiments, the system can operate in a stent mode. Optionally, the
stent is detected, and the stent mode is activated automatically. In some embodiments,
the stent mode is selected by the user. In some embodiments, the system includes a
safety feature for detecting a stent and/or lack thereof. In some embodiments, the system
detects if the stent is positioned between, for example, an energy beam and a vessel wall.
Optionally, the distance between them is detected.

In some embodiments, user interface 1604 is configured for selecting a mode for
treating through a stent. Optionally, stent parameters such as material, size, thickness,
thermal conductivity etc. are manually selected by wuser. Additionally and/or
alternatively, stent parameters are automatically selected by the system, for example
based on an image acquired of the stent by imaging module 1740. In some
embodiments, a mode for treating through a stent includes using parameters such as
intensity and frequency that are different than the ones used for non-stented vessels.
Optionally, these parameters are automatically selected by the system. Optionally, these
parameters are based on previously collected data, for example as shown in the table
below.

In an exemplary embodiment, a user may select a mode for treating through a
stent, and the system (for example using controller 1602 and/or data saved on memory
1720) automatically applies parameters suitable for treating through a stent. Optionally,
the selected parameters allow compensating for the existence of the stent, for example
by increasing the emission intensity by 10%, 20%, 40%, 90%, and/or intermediate or

higher or lower values.
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The table below is an example of data collected during experimental treatment.
Stainless steel, cobalt alloy and cobalt chromium stents were used in the experiment.
Exemplary parameter sets including frequency, intensity, duration, and catheter type
were tested for treatments performed through a stent, and in the last example for

treatment performed in a non stented vessel.

Frequency Intensity Time (sec) Catheter type Tissue effect
(MHz) (W/cm*”2)

20 30 30 Unidirectional Medium

11 30 40 Multidirectional | Very Mild

11 35 40 Multidirectional | Mild

11 30 40 Unidirectional Very Mild

11 35 40 Unidirectional Mild

In the experiment described by the above table, no significant mechanical and
thermal effects were observed in the stents. No irritation was observed on the tissue
surrounding the stent. A thermal effect was observed mainly in the perivascular soft
tissue (such as adipose tissue, connective tissue, and nerves). The collected data shows a
correlation between the thermal effect on the tissue and the selected treatment
frequency- a higher frequency may create a stronger thermal effect on the treated tissue.
The above described parameters may also be applied to US application number
13/449,539. The settings such as frequency, intensity, or time may be modified for
example by 5%, 10%, 15%, 20% or intermediate, lower or higher numbers, for example

to receive the desired effects and/or the designated damage pattern.

One or more non-limiting examples of selectable parameters (e.g., can be set for
example by the user using the controller) include:

e Frequency of the produced ultrasound energy.

e Waveform applied to the acoustic element, for example, a sinusoidal wave.

e Intensity is the produced ultrasound power divided by the surface area of the
acoustic element.

e Pulse duration is the length of a pulse of acoustic energy measured in time.

e Duty cycle is the percentage of time in a single pulse that ultrasound energy is

transmitted.
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e Target temperature is the estimated and/or measured temperature of the blood

near the transducer. Potentially, limiting the elevation in blood temperature to a

pre-set value also sets a safety constraint.

e Energy delivery pattern is the spatial and/or temporal combination of one or

more of the above variables, for example, a single pulse, a sequence of pulses, a

train of pulses.

e Correlation parameters between selected reductions in nerve activity (e.g., NE

levels) and treatment parameters (e.g., frequency, time, intensity) and/or

geometrical parameters (e.g., number of treatment locations, size of treatment

area). In some embodiments, a table of correlation parameters is used.

Alternatively or additionally, one or more equations provide the correlation.

The table below sets out some examples of the selectable parameters, and
provides their theoretical limits, an exemplary treatment range, and an exemplary
treatment sub range (e.g., most commonly used settings). It is important to note that
some selectable parameters can only be selected from a pre-determined set, for example,
in some embodiments; catheters are designed to operate at a specific frequency, in which

case the user selects the frequency according to the catheter availability.

Parameter Exemplary Exemplary Broadest range
Treatment sub| Treatment range
range
Frequency
(MHz):
Treatment 10-22 8-30 1-60
Imaging 10-25 10-60 1-60
Intensity 10-60 10-100 1-200
(Watts/sq cm)
Duty cycle (%) | 50-100 10-100 0.1-100
Pulse  duration| 0.1-2 0.1-4 0.01-1000
(seconds)
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Duration of 3-60 2-120 0.1-1000
treatment
(Seconds) per

location

Efficiency (%) 35-70% 20-70% 1-70%

Blood Temp 37-51 37-60 37-100
(Celsius)

GENERAL

It is expected that during the life of a patent maturing from this application many
relevant treatment methods will be developed and the scope of the term treatment
method is intended to include all such new technologies a priori.

As used herein the term “about” refers to = 10 %

The terms "comprises", "comprising”, "includes", "including", “having” and
their conjugates mean "including but not limited to".

The term “consisting of” means “including and limited to”.

The term "consisting essentially of" means that the composition, method or
structure may include additional ingredients, steps and/or parts, but only if the
additional ingredients, steps and/or parts do not materially alter the basic and novel
characteristics of the claimed composition, method or structure.

As used herein, the singular form "a", "an" and "the" include plural references
unless the context clearly dictates otherwise. For example, the term "a compound" or
"at least one compound" may include a plurality of compounds, including mixtures
thereof. Throughout this application, various embodiments of this invention may be
presented in a range format. It should be understood that the description in range format
is merely for convenience and brevity and should not be construed as an inflexible
limitation on the scope of the invention. Accordingly, the description of a range should
be considered to have specifically disclosed all the possible subranges as well as
individual numerical values within that range. For example, description of a range such
as from 1 to 6 should be considered to have specifically disclosed subranges such as

from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well
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as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies
regardless of the breadth of the range.

Whenever a numerical range is indicated herein, it is meant to include any cited
numeral (fractional or integral) within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate number and “ranging/ranges

k2l

from” a first indicate number “to” a second indicate number are used herein
interchangeably and are meant to include the first and second indicated numbers and all
the fractional and integral numerals therebetween.

As used herein the term "method" refers to manners, means, techniques and
procedures for accomplishing a given task including, but not limited to, those manners,
means, techniques and procedures either known to, or readily developed from known
manners, means, techniques and procedures by practitioners of the chemical,
pharmacological, biological, biochemical and medical arts.

As used herein, the term “treating” includes abrogating, substantially inhibiting,
slowing or reversing the progression of a condition, substantially ameliorating clinical

or aesthetical symptoms of a condition or substantially preventing the appearance of

clinical or aesthetical symptoms of a condition.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the invention, which are, for
brevity, described in the context of a single embodiment, may also be provided
separately or in any suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in the context of various
embodiments are not to be considered essential features of those embodiments, unless
the embodiment is inoperative without those elements.

Various embodiments and aspects of the present invention as delineated
hereinabove and as claimed in the claims section below find experimental support in the

following examples.
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EXAMPLES
Reference is now made to the following examples, which together with the above

descriptions illustrate some embodiments of the invention in a non limiting fashion.

Experiment of Treating the Right Renal Artery from the Inferior Vena Cava

Goal: Inventors performed a study to evaluate the clinical feasibility and/or safety of
forming areas of treated tissues surrounding the right renal artery, by applying energy

from the inferior vena cava.

Experimental Materials:

Equipment: An ultrasound emission element, catheter and control system as described
herein and/or in the references were used to perform the treatments. The catheter is
currently being developed under the name TIVUS™, generally as described in US
Patent Application 13/049,151 and/or PCT/IB2011/054635. The US emitter is flat and
rectangular, measuring 6 mm (along the long axis of the catheter) X 1 mm (along the

radial dimension of the catheter).

Animals: Two pigs were treated.
Study end points: Inducing damage to nerves underlying and/or along the right renal

artery, while preserving the intima of both renal artery and inferior vena cava.

Experimental Protocol:

Ultrasonic treatment: In the treated swine, the TIVUS™ catheter was introduced via a
femoral approach, from the femoral vein to the inferior vena cava. The location of the
right renal artery was visually confirmed using contrast injection through a commercial
guiding catheter introduced through the femoral artery. Ultrasound treatment, in
accordance with some embodiments of the invention, was administered through the
inferior vena cava towards the proximal (relative to the aorta) main trunk of the right
renal artery in several locations (cranially, caudally and parallel to the renal artery
plane, as presented in figure 6. The locations of ultrasonic ablation from the vena cava
towards the right renal artery are shown as “*”). In each location, the ultrasound energy

was directed in up to 3 angles by rotating the ultrasonic transducer along the long axis
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of the catheter, each rotation about 90 degrees relative to the previous position.
Ultrasound was applied for 30 or 40 seconds at each treatment location. Ultrasound was
applied at 10MHz Frequency and an intensity of about 30-40W/cm®. About 14-17
ultrasonic treatments were performed in the right renal artery at 2-3 locations along the
artery.

The catheter distance from the vein wall was measured using ultrasonic imaging
of the system, prior to ultrasonic excitation, for example, as described in
PCT/IB2011/054639 and/or PCT/IB2011/054638, incorporated herein by reference in
their entirety.

Figure 7A is an angiography image of the relationship between the inferior vena
cava and the right renal artery (noted by the guiding catheter). Figures 7B, C and D are
angiography images of the locations of the TIVUS™ catheter cranially, caudally and
parallel relative to the right renal artery plane.

Angiography: Angiography was performed during three time periods; prior to the
procedure, during procedure and immediately at the end of procedure. Under
angiography, each renal artery was examined by a trained veterinarian for vasospasm
and/or any abnormalities in blood flow.

Immediately following treatment a temporary vasospasm was depicted in the
renal artery as a result of the ultrasonic ablation (figure 7E). No vasospasm was
depicted at the end of procedure (figure 7F).

Histology: Following treatment, the renal arteries and kidneys were perfused,
dissected and immersed in 4% formalin prior to histological processing. Pathological
examination included looking for any thermal or mechanical damage to the renal artery

or vein, or to adjacent soft tissue, including nerves.

Results: Figures 8A-C illustrates histological slides, showing circumferential damages
to peri-vascular tissue and/or nerves, showing results of some embodiments.

Figure 8A: Histopathological analysis of the damage to the right renal artery following
ultrasonic treatment from the inferior vena cava in Pig#l. The figure shows damage to

perivascular tissue (including connective and adipose tissue) and to nerves.
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Figure 8B: Histopathological analysis of the damage to the right renal artery following
ultrasonic treatment from the inferior vena cava in Pig #2. The figure shows damage to
perivascular tissue (including connective and adipose tissue) and to nerves.
Figure 8C: Histopathological analysis of the damage to the right renal artery following
ultrasonic treatment from the inferior vena cava in Pig#2. The figure shows damage to
perivascular tissue (including connective and adipose tissue) and to nerves.

In the figures, the damage regions are located within about Imm to about Smm
from the intima of the artery. The damaged regions have dimensions of about 4mm
(measured substantially tangentially to the artery) and about 7mm (measured radially
from the inner wall of the artery), or about I1mm and 3mm, or about Imm and Imm. The
damage regions are located a distance of about Imm to 10m from the intima of the vena
cava. All of the damaged regions (from the different treatments) were spread around a
total area of 20% to 70% of the perivascular tissue circumference of the renal artery as
measured in cross section.

Conclusion: The results provide support that one or more areas of damage can be
selectively formed around the renal artery with ultrasonic energy delivered from the

inferior vena cava.

Limb Denervation Experiment

Goal: Inventors performed a study to evaluate the ability to treat tissues in the wall of a
femoral artery, by application of ultrasound energy from within a stenosed femoral

artery.

Experimental Materials:

Equipment: An ultrasound emission element, catheter and control system as described
herein and/or in reference applications by the same inventors were used to perform the
treatments. The catheter is currently being developed under the name TIVUS™. The
ultrasonic catheter is sufficiently small and/or rigid to be successfully inserted into the

stenotic lumen.
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Experimental model: Recently amputated human legs donated from a patient having
undergone an amputation. To simulate blood flow cooling, saline was perfused through
the femoral artery.

Study end points: inducing effect in a stenotic femoral artery wall.

Experimental Protocol:

Ultrasound was applied to the arteries for 30 seconds at each treatment location.
Ultrasound was applied at a frequency of 20MHz, and power level of about 20-40
W/em”2. About 8-14 ultrasonic treatments were performed at several locations along

arteries in the amputated legs.

Results: Figures 12A-B are histological slides of cross sections through the treated
femoral artery. Note the treatment region in the arterial wall. The lumen is stenotic due
to an atherosclerotic plaque. Furthermore, the arterial wall is calcified. For clarity, a
schematic of the ultrasonic catheter cross section is provided in the artery lumen (figure

12B).

Conclusion: The results provide support that tissue in the arterial wall can be targeted
and treated, even in the presence of atherosclerotic plaques and a calcified wall. The
ultrasound successfully traverses the plaque and the calcification to form the treatment

region.

Experiment: Ultrasound Treatment through a Stent

Goal: Inventors performed a study to evaluate the ability to treat tissues by applying

ultrasound energy through a stent deployed in the artery.

Experimental Materials:
Equipment: ultrasound emission elements, catheter and control system as described
herein and/or in the references were used to perform the treatments. The catheter is

currently being developed under the name TIVUS™,
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Stents: Several conventional stainless steel, cobalt alloy or cobalt chromium stents,
which are capable of expanding to a diameter in a range of 5-8mm, and have a length of
about 15-30mm.

Animals: Three swines were treated.

Study end points: inducing damage to perivascular tissue and nerves underlying along
the renal arteries by TIVUS™ positioning and energy applying within the stents. The
treatment should not cause stent deformation or further intimal damage than induced by

the stent.

Experimental Protocol:

Animal A: Two stents 1301 were deployed in the left renal artery, as shown in
Figure 13A (B and C), which are angiographic images. A first stent was deployed in the
caudal bifurcating left renal artery and afterwards a second stent was deployed in the
main stem of the left renal artery. The TIVUS™ 1303 was positioned within the stent
lumen and US energy was applied through the stent. Ultrasound treatment, in accordance
with some embodiments of the invention, was administered at each stent site in one or
more locations. In each location, the ultrasound energy was directed in up to 4 angles of
the arterial circumference (e.g., 0°, 90°, 180°, 270°- equivalent to 12,3,6,9 o’clock in a
clock model). Ablation of neural tissue was performed by ultrasonic excitation of
20MHz at an intensity of about 30Wcm”2 for 30seconds in each treatment location.
About 7 ultrasonic treatments were performed at 2 locations along the stents positioned
in the left renal artery. In actual practice, a smaller or larger number of angles and/or
locations may be used.

A similar treatment protocol was performed in Animal C. Figures 18D-F are
angiographic image showing deployed stents 1801 in the left renal artery, and a
unidirectional TIVUS catheter 1807. Ablation of neural tissue was performed by
ultrasonic excitation of 10MHz at an intensity of about 35Wcm”2 for 40 seconds in each
treatment location 1805 using the unidirectional TIVUS catheter 1807together with a
steerable introducer, or alternatively using a TIVUS catheter which includes an inherent
deflection mechanism. About 7-8 ultrasonic treatments were performed at 2-3 1805

locations along the stents positioned in the main stem of the renal artery, as seen on Fig.
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18 F. In actual practice, a smaller or larger number of angles and/or locations may be

used.

Animal B: Three stents 1801 were deployed in the right renal artery, as shown in
figures 18A-B. A first stent was deployed in the main stem of the right renal artery, a
second stent was deployed in the caudal bifurcating right renal artery, and a third stent
was deployed in the main stem of the left renal artery. A triangle multidirectional
TIVUS™ 1803 was positioned within the stent lumen, as seen in Figure 18B. The
multidirectional TIVUS™ may create 3 beams with 120 degrees between them.

The ultrasonic treatment head of the multidirectional catheter 1803 is composed
of 3 1*6mm flat piezoelectric transducers attached to a triangle- shaped metal base,
which are connected to a printed circuit base (PCB). A guide wire lumen extends from
the catheter handle along the catheter shaft, through the metal base and up to the
radiopaque non-traumatic tip. A lever in the catheter handle operates a 3-petal-shaped
expanding structure. The expanding structure comprises a pebax-coated polyimide tube,
cut into three bands (each having a width of about Imm), that can be bent and moved
away from the ultrasonic transducers in order to keep the ultrasonic transducers away
from artery wall. During catheter insertion, the expanding structure partially covers the
ultrasonic transducers.

Ultrasound treatment, in accordance with some embodiments of the invention,
was administered through each stent in one or more sites. In each site, the ultrasound
energy was applied simultaneously to 3 angles of the arterial circumference (e.g., 0°,
120°, 240°- equivalent to 12,4,8 o’clock in a clock model Ablation of neural tissue was
performed by ultrasonic excitation for a period of40 seconds at each treatment location.
The applied frequency was 10MHz and the intensity range of 30-35W/cm”2. Three to
five (3-5) circumferential ultrasonic treatments were performed at 3-5 sites 1805 along
and between the stents positioned in the renal arteries, as seen on Fig. 18C. In actual
practice, the treatment may be applied to various numbers of sites, such as 1 site, 6 sites,
10 sites.

Results:
In general, an endothelial loss, which often occurs during implantation of stents, was

depicted.
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As shown by the following table, when relatively high ultrasound frequencies were
applied, they induced a more pronounced thermal effect on the tissue, creating mild
smooth muscle cell loss and having a strong thermal effect on the perivascular tissue and
nerves. When lower ultrasound frequencies were applied, usually no media damage was
observed, and a mild to moderate thermal effect was induced on the nerves. There was
no evidence in the tissue for stent heating during the ultrasonic treatment. One
possibility is that the stent struts did not maintain direct contact with the intima layer,

due to the processing of the tissue during the preparation of the slides for imaging.

Treatment | Treatment | Catheter Type | Histopathology (figures)
frequency | intensity
(MHz) (W/ecm”2)

10 30 Multidirectional | Figure 19A is a histological image (H&E) showing the
TIVUS damaged 1901 region in the renal artery wall and
surrounding tissue. Figures 19C,D are an enlarged view of
affected nerves 1903. Endothelial loss, which is typical to
stents, was observed, but no media damage was observed.
A mild to moderate nerve damage occured (vacuolization
and mild nuclei pyknosis were observed), while the
damage to the perivascular tissue was mainly insignificant,
apart from an occasional moderate thermal effect on the
soft tissue (shown in figure 19B).

10 35 Multidirectional | Endothelial loss and minimal media damage were
TIVUS observed. Mild perineural inflammation, nuclei pyknosis,
and vacuolation pointed to mild nerve damage. Damage to
the perivascular tissue was insignificant.

10 35 Steerable Endothelial loss and minimal media damage were
TIVUS observed. vacuolization and mild nuclei pyknosis pointed
to a minimal to mild nerve damage A mild damage to
perivascular tissue was also observed.

10 30 TIVUS Figure 19E is histological image (H&E) showing damaged
region 1905 in the renal artery wall and surrounding tissue.
Figure 19G is an enlarged view of the affected nerves and
tissue 1907. Endothelial loss and minimal media damage
were observed. Digestion chambers, vacuolization and
mild nuclei pyknosis pointed to a minimal to moderate
nerve damage. A mild damage to perivascular tissue was
observed (figure 19F).

20 30 TIVUS Figure 13B is a histological image (H&E) showing the
damaged region 1307 in the renal artery wall and
surrounding tissue. Figure 13C is an enlarged view of
endoneural degenerated cells, some with vacuolated
cytoplasm1309). effaced nerves were also observed along
the artery. Figures 13D-E are images of adjacent cells with
pyknotic nucleil311. Figure 13F is a close up image of the
artery of figure 13B, showing the location of the stent
struts (circled in blue).

Conclusion: The results show that it is possible to apply ultrasound energy from within

an artery, through a deployed stent, to damage tissue in the arterial perivascular tissue
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without creating a significant damage to the media or intima layers, which directly
contact the stent. The results provide support that a predictable amount of US energy can
be applied through the stent without heating the stent to a level that causes stent

deformation and/or direct damage to the artery wall.

Experiment: Ultrasound Treatment of the Carotid artery

Goal: Inventors performed a study to evaluate the ability to treat tissues by application

of ultrasound energy in the carotid artery.

Experimental Materials:

Equipment: An ultrasound emission element, catheter and control system as described
herein and/or in the references were used to perform the treatments. The catheter is
currently being developed under the name TIVUS™,

Animals: 10 Swine.

Study end points: inducing damage to the carotid artery wall (e.g. media, adventitia)

and/or perivascular tissue and nerves adjacent to the carotid artery.

Experimental Protocol:

Ultrasonic treatment: The TIVUS™ catheter was introduced via a femoral approach or
carotid approach to the right or left carotid arteries. Ultrasound treatment, in accordance
with some embodiments of the invention, was administered from the lumen of the
carotid artery towards the circumferential tissue in several locations along the artery (for
example, as shown in figure 10B). In each location, the ultrasound energy was directed
in 4-8 longitudinal ablation points in a specific intensity. Then after, the catheter was
pulled further to another 2 locations where energy was again applied in 4-8 longitudinal
ablation points using higher intensity. Altogether the treatment lasted about 30 minutes.
Additionally, in one of the location, the US energy was applied circumferentially as
described in the renal artery experiment by rotating the ultrasonic transducer along the
long axis of the catheter, each rotation about 45-90 degrees relative to the previous
position. Ultrasound was applied for 5 up to 60 seconds at each treatment angle or

location. Ultrasound was applied with a frequency of 10MHz to 20MHz, and an
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intensity of about 13-40W/cm®. About 10-20 ultrasonic treatments were performed in
the right renal artery at 5-10 locations along the artery.

The catheter distance from the vein wall was measured using ultrasonic imaging
of the system, prior to ultrasonic excitation, for example, as described in
PCT/1IB2011/054639 and/or PCT/IB2011/054638, incorporated herein by reference in
their entirety.

Histology: Following treatment, the carotid arteries and adjacent tissue were
perfused, dissected and immersed in 4% formalin prior to histological processing.
Pathological examination included looking for any thermal or mechanical damage to the

carotid artery or to adjacent soft tissue, including nerves.

Results: Figures 15A-B are histological images showing the location of the treatment
regions in the carotid artery wall and surrounding tissue. As can be seen, there was
damage to perivascular tissue (connective and adipose tissue, demarcated in blue line) as
well as damaged nerves (marked as XN). In Figure 15B there is also necrosis of smooth
muscle cells in the media. Inventors hypothesize that the tissue damage was due to
relatively higher energy intensities, for example, relative to intensities used to treat renal

nerves.
Conclusion: The results provide support that ultrasound energy can be applied from the
carotid artery and cause either remote and/or localized damage in the carotid artery wall

and/or adjacent tissues, including nerves.

Experiment: Ultrasound Treatment of the Left Atrium

Goal: Inventors performed a study to evaluate the ability to treat tissues by application

of ultrasound energy in the left atrium, to simulate treatment of atrial fibrillation.

Experimental Materials:

Equipment: An ultrasound emission element, catheter and control system as described
herein and/or in the references were used to perform the treatments. The catheter is
currently being developed under the name TIVUS™,

Animals: 1 Swine.
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Study end points: inducing damage to the full thickness of the myocardium without

damage to the endocardium.

Experimental Protocol:

Ultrasonic treatment: The TIVUS™ catheter was introduced through the chest and the
apex of the heart to the left atrium, at the ostium of one of the pulmonary veins.
Ultrasound treatment, in accordance with some embodiments of the invention, was
applied to 4 different regions spaced apart by 90 degrees (by rotation of the catheter
without axial displacement). Ultrasound was applied for about 30 seconds at each
treatment location. Ultrasound was applied with a frequency of about 20MHz, and at an
intensity of about 30W/cm®. Then after, the TIVUS™ catheter was introduce to the
ostia of other pulmonary veins for additional treatment.

The catheter distance from the heart wall was measured using ultrasonic imaging
of the system, prior to ultrasonic excitation, for example, as described in
PCT/IB2011/054639 and/or PCT/IB2011/054638, incorporated herein by reference in
their entirety.

Histology: Following treatment, the left atrium and pulmonary veins were
perfused, dissected and immersed in 4% formalin prior to histological processing.
Pathological examination included looking for any thermal or mechanical damage to the

heart wall.

Results: Figure 17 is a histological image showing damage to the heart wall, as marked
in black circles. Each of the circles represents a different treatment region caused by
rotation of the catheter. The endocardium has not been damaged. Cells in the
myocardium have been killed substantially along the full thickness of the myocardium
(leaving a small undamaged gap between the damage area and the endocardium). For
illustration purposes, a schematic shows a cross section of the catheter and US emission

element, along with the direction of the US energy (arrow).

Conclusion: The results provide support that ultrasound energy can be applied from
inside the heart to damage the thickness of the myocardium but not damage the

endocardium, for example, to treat atrial fibrillation.
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Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad scope
of the appended claims.

All publications, patents and patent applications mentioned in this specification
are herein incorporated in their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent application was specifically and
individually indicated to be incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be construed as an admission
that such reference is available as prior art to the present invention. To the extent that

section headings are used, they should not be construed as necessarily limiting.
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WHAT IS CLAIMED IS:

1. A device for delivering energy to treat tissue, said device comprising:

a catheter;

an energy emission element disposed at a distal end of said catheter, said
energy emission element adapted to transmit energy with parameters to damage tissue;

a controller to control said energy emission element, wherein said

controller has at least one setting selected for treating tissue through a stent.

2. The device according to claim 1, wherein said device is configured for heating smooth

muscle cells on the vessel wall in contact with the stent to prevent restenosis.

3. The device according to claim 1, wherein said controller is programmed to determine

if said catheter is positioned inside a stent, using a sensor.

4. The device according to claim 1, wherein said energy setting is automatically selected

according to existence of a stent.

5. The device according to claim 4, wherein said energy setting is automatically selected

according to characteristics of a stent.

6. The device according to claim 1, wherein said controller comprises manual settings

for treating tissue through a stent.

7. The device according to claim 1, wherein said energy parameters are selected to

modulate nerve activity.

8. The device according to claim 7, wherein said nerve activity is renal nerve activity.

9. A method of treating tissue near a first lumen comprising:

inserting an energy emission element into a second lumen;
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delivering energy in an amount sufficient to cause one or more
spaced apart areas of tissue damage at preselected locations in tissue near said first

lumen, said energy is delivered in less than about 180 seconds per said area.

10. A method according to claim 9, wherein said energy is delivered in less than

about 60 seconds per said area.

11. A method according to claim 9, wherein said energy is delivered in less than

about 40 seconds per said area.

12. A method according to claim 9, wherein said second lumen is selected from
the group comprising: inferior vena cava, left renal vein, right renal vein, left ureter,

right ureter, left renal pelvis, right renal pelvis, right femoral vein, left femoral vein.

13. A method according to claim 9, wherein said first lumen is selected from the
group comprising: right renal artery, left renal artery, right femoral artery, left femoral

artery.

14. A method according to claim 9, wherein said energy comprises a pencil beam

of unfocused ultrasound energy.

15. A method according to claim 9, wherein said energy comprises several pencil

beams of unfocused ultrasound energy, directed in various angles, circumferentially.

16. A method according to claim 9, wherein said one or more areas are formed

about 0.5-10mm from an intima of said first lumen.

17. A method according to claim 9, wherein said one or more areas are formed

about 1-5mm from said second lumen.

18. A method according to claim 9, wherein said one or more areas are not

formed between said first lumen and said second lumen.
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19. A method according to claim 9, wherein said one or more areas are formed

on the side of said first lumen opposite said second lumen.

20. A method according to claim 9, wherein said one or more areas cover about

20% to about 70% of a circumference of said first lumen.

21. A method according to claim 9, wherein each of said one or more areas

covers a sector of said first lumen of about 15 to 45 degrees.

22. A method according to claim 9, further comprising propping open said first

lumen.

23. A method according to claim 9, further comprising propping open said

second lumen.

24. An expandable device for insertion in a lumen comprising;
an expanding structure for insertion into said lumen using a
vascular approach, said expanding structure does not lie between a beam source inserted

therethrough and a wall of said lumen.

25. A device according to claim 24, wherein said expanding structure is sized to
provide a clearance between said beam source and said wall so that blood flowing in

said clearance selectively cools said wall.

26. A device according to claim 24, wherein said expanding structure opens in

the direction of the energy emitting element.

27. A device according to claim 24, wherein said expanding structure opens in

several directions, circumferentially.

28. A device according to claim 24, wherein said lumen comprises a vein, and

said expanding structure is sized to provide a clearance between said beam source and
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said wall so that blood flowing in said clearance selectively cools said beam source so

that said blood temperature remains below a safe level.

29. A device according to claim 24, wherein said lumen comprises an artery, and
said expanding structure is sized to provide a clearance between said beam source and
said wall so that blood flowing in said clearance selectively cools said beam source to

maintain blood temperature at a safe level.

30. A device according to claim 24, wherein said lumen comprises a vein, and

said device does not exert a force sufficient to damage walls of said vein.

31. A device according to claim 24, wherein said lumen comprises an artery, and

said device does not exert a force sufficient to damage walls of said artery.

32. A device according to claim 24, wherein an expanded state has a diameter

that allows a distance of at least 1.0 mm between said beam source and said lumen wall.

33. A device for insertion into a second lumen for delivering energy to treat
tissue near a first lumen, said device comprising:

a catheter sized to fit into said second lumen;

an energy emission element disposed at a distal end of said catheter, said
energy emission element adapted to transmit energy with parameters to damage tissue
near said first lumen;

a controller to control said energy emission element, said controller
programmed to supply energy for a time period ranging from about 5 to 180 seconds, at
a frequency of about 5 MHz to 40 MHz, at an intensity of about 10 Watt/cm”"2 to 60
Watt/cm”2, said energy setting sufficient to selectively damage tissue near said first

lumen.

34. A device according to claim 33, wherein said near first lumen comprises

between 0 and 359 degrees around a circumference of said first lumen.
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35. A device according to claim 33, wherein said energy emission element is an
ultrasound emission element adapted to form a pencil beam of unfocused ultrasound

energy.

36. A device according to claim 33, wherein said energy emission element is an
ultrasound emission element adapted to form several pencil beams of unfocused

ultrasound energy directed at a plurality of different directions.

37. A device according to claim 33, wherein said controller is programmed to
control said energy emission element to transmit energy for a period of about 5 seconds

to about 45 seconds.

38. A device according to claim 33, wherein said controller is programmed to
control said energy emission element to transmit energy having an intensity of about 20

Watt/cm”2 to 40 Watt/cm”2.

39. A method of treating a patient suffering from abnormal carotid sinus
receptors comprising:

selectively applying energy at least to a perivascular tissue of a carotid

sinus in an amount sufficient to decrease signal propagation from a carotid sinus nerve to

a brain of said patient thereby treating said patient.

40. A method according to claim 39, wherein said selectively applying comprises
selectively applying in an alternating pattern of spaced apart damage areas in a radial

direction along a carotid artery.

41. A method according to claim 39, wherein said decreased signal propagation
comprises decrease at least 50% of said signals from propagating from said carotid sinus

nerve towards a brain.

42. A method according to claim 39, wherein said energy comprises a beam of

unfocused ultrasound.
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43. A method according to claim 39, wherein said selectively applying comprises

an energy intensity setting for treatment of renal nerves reduced by about 5%-20%.

44. A device for treating a carotid artery wall comprising:

a catheter sized to fit into said carotid artery;

an energy emission element disposed on a distal end of said catheter, said
energy emission element adapted to transmit energy with an intensity sufficient to
damage tissue around a circumference of said carotid arterys;

a controller to control said energy emission element, said controller
programmed to supply sufficient power at setting sufficient to thermally damage
perivascular tissue around the carotid artery wall so that signals from carotid sinus
receptors and/or carotid body are selectively decreased, wherein one or both of an
energy intensity and a treatment time are about 10%-50% higher than the highest
allowable settings for a renal artery to treat locations at a similar distance from an inner

wall.

45. A device according to claim 44, wherein selectively decrease comprises

selectively decrease by at least 50%.

46. A device according to claim 44, wherein a frequency of said energy is
selected according to frequencies allowable in a renal artery to treat locations at a similar

distance from an inner wall.

47. A device according to claim 44, wherein said energy emission element

comprises an ultrasound emission element producing a beam of unfocused ultrasound.

48. A method of treating a patient suffering from insufficient blood flow to a
limb comprising:
inserting a catheter including an energy emission element into a stenotic

lumen;
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selectively applying energy from within said lumen across a plaque to
form one or more spaced apart regions of thermal damage in a surrounding tissue of said

lumen, said tissue including nerves, thereby increasing blood flow to said limb.

49. A method according to claim 48, wherein selectively applying comprises

selectively applying energy from within said lumen across a calcified lumen wall.

50. A method according to claim 48, wherein said energy emission element is an
ultrasound emission element adapted to form a pencil beam of unfocused ultrasound

energy.

51. A method according to claim 48, wherein said energy emission element is an
ultrasound emission element adapted to form several pencil beams of unfocused

ultrasound energy directed at a plurality of different angles, circumferentially.

52. A method according to claim 48, wherein selectively applying comprises
applying at least one of an energy intensity and a treatment time that are about 10% to
about 50% higher than the highest settings that would be allowable if said lumen was not

one or both of calcified or plaque containing arteries.

53. A method according to claim 48, wherein selectively applying comprises
selectively applying energy at a frequency range that would be allowable if said lumen

was not one or both of calcified or plaque containing.

54. A device for treating a wall of a lumen in a limb, said lumen containing one
or both of a plaque and a calcified wall, said lumen comprising:
a catheter sized to fit into said lumen;
an energy emission element disposed on a distal end of said catheter, said
energy emission element adapted to transmit energy with an intensity sufficient to
thermally damage tissue around a circumference of said lumen, said damaged tissue
comprising nerves, said energy traversing at least some of said plaque and said calcified

wall; and
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a controller to control said energy emission element, said controller
programmed to supply power at settings to thermally damage tissue around said lumen
and beyond said plaque and said calcified wall, so that nerves in said tissue are

selectively treated thereby increasing blood flow to said limb.

55. A device according to claim 54, wherein said energy emission element

comprises an ultrasound emission element producing a beam of unfocused ultrasound.

56. A device according to claim 54, wherein said energy emission element
comprises an ultrasound emission element producing several beams of unfocused

ultrasound directed in various angles directed at a plurality of different directions.

57. A method of treating tissue in a lumen wall and/or surrounding tissue
comprising:
inserting a catheter including an energy emission element into a region of
said lumen containing a deployed stent;
selectively applying energy from within said lumen, so that a beam from
said energy emission element crosses struts of said stent, to form one or more spaced
apart regions of tissue damage in said lumen wall or surrounding tissue without

damaging an intima in direct contact with said stent.

58. A method according to claim 57, wherein said lumen comprises a renal

artery.

59. A method according to claim 57, wherein said energy emission element

comprises an ultrasound emission element producing a beam of unfocused ultrasound.

60. A method according to claim 57, wherein said energy emission element
comprises ultrasound emission element producing several beams of unfocused

ultrasound, directed at a plurality of different directions.
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61. A method according to claim 57, wherein said selectively applying comprises

selecting treatment parameters as if said stent was not present.

62. A method of treating a heart wall comprising:
selectively applying ultrasound energy from within a heart chamber to a
wall of said heart to form one or more damage areas preventing conduction of
contraction signals therethrough without damaging an endocardium, said damage areas
comprising a full thickness of myocardial tissue, wherein said endocardium is cooled by

blood.

63. A method according to claim 62, wherein said selectively applying comprises
selectively forming a plurality of contiguous damage regions around an ostium of one or

more pulmonary veins.

64. A method according to claim 63, wherein said energy emission element

comprises an ultrasound emission element producing a beam of unfocused ultrasound.

65. A method according to claim 63, wherein said energy emission element
comprises ultrasound emission element producing several beams of unfocused

ultrasound, directed at a plurality of different directions.

66. A method according to claim 62, wherein said selectively applying comprises
selectively applying said ultrasound energy so that said damage region does not extend

more than about 0.5 mm into a pericardium.

67. A method according to claim 62, wherein said selectively applying comprises
selectively applying ultrasound to form stacked damage regions extending the full length

of a hypertrophied myocardium.

68. A device for treatment of a heart wall comprising:

a catheter sized to fit into a chamber of said heart;
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an energy emission element disposed on a distal end of said catheter, said
energy emission element adapted to transmit energy with parameters to damage a
myocardium;

a controller to control said energy emission element, said controller
programmed to supply energy for a time period ranging from about 5 to 120 seconds, at
a frequency of about 15 MHz to 40 MHz, at an intensity of about 20 Watt/cm”2 to 50
Watt/cm”2, said energy setting sufficient to selectively damage a full thickness of said
myocardium without damaging an endocardium, thereby preventing conduction of

contraction signals.

69. A device according to claim 68, wherein said catheter further comprises an
extension to maintain a gap between said energy emission element and said heart wall of

at least 0.3 mm.
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