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STEERABLE ULTRASOUND CATHETER

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent Application Serial No. 10/722,209
(Attorney Docket No. 021577-000900US), filed November 24, 2003, the full disclosure of
which is hereby incorporated by reference. This application is related to the following
pending U.S. Patent Applications, the full disclosures of which are all hereby incorporated by
reference: Application Serial No. 10/229,371, filed August 26, 2002, entitled "Ultrasound
Catheter for Disrupting Blood Vessel Obstructions,” (Attorney Docket No. 21577-
000400US); Application Serial No. 10/345078, filed January 14, 2003, entitled "Ultrasound
Catheter and Methods for Making and Using Same," (Attorney Docket No. 21577-
000600US); Application Serial No. 10/375,903, filed February 26, 2003, entitled "Ultrasound
Catheter Apparatus," (Attorney Docket No. 21577-000700US); and Application Serial No.
10/410617, filed April 8, 2003, entitled "Improved Ultrasound Catheter Devices and
Methods."

BACKGROUND OF THE INVENTION
[0002] The present invention relates generally to medical devices and methods. More
specifically, the present invention relates to ultrasound catheter devices and methods for

treating occlusive intravascular lesions.

[0003] Catheters employing various types of ultrasound transmitting members have been
successfully used to ablate or otherwise disrupt obstructions in blood vessels. Specifically,
ablation of atherosclerotic plaque or thromboembolic obstructions from peripheral blood
vessels such as the femoral arteries has been particularly successful. Various ultrasonic
catheter devices have been developed for use in ablating or otherwise removing obstructive
material from blood vessels. For example, U.S. Patent Nos. 5,267,954 and 5,380,274, issued
to an inventor of the present invention and hereby incorporated by reference, describe
ultrasound catheter devices for removing occlusions. Other ex amples of ultrasonic ablation
devices for removing obstructions from blood vessels include those described in U.S. Patent
Nos. 3,433,226 (Boyd), 3,823,717 (Pohlman, et al.), 4,808,153 (Parisi), 4,936,281 (Stasz),
3,565,062 (Kuris), 4,924,863 (Sterzer), 4,870,953 (Don Michael, et al), and 4,920,954
(Alliger, et al.), as well as other patent publications W087-05739 (Cooper), W089-06515
(Bernstein, et al.), W090-0130 (Sonic Needle Corp.), EP, EP316789 (Don Michael, et al.),
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DE3,821,836 (Schubert) and DE2438648 (Pohlman). While many ultrasound catheters have

been developed, however, improvements are still being pursued.

[0004] Typically, an ulirasonic catheter system for ablating occlusive material includes
three basic components: an ultrasound generatof, an ultrasound transducer, and an ultrasound
catheter. The generator converts line power into a high frequency current that is delivered to
the transducer. The transducer contains piezoelectric crystals which, when excited by the
high frequency current, expand and contract at high frequency. These small, high-frequency
expansions (relative to an axis of the transducer and the catheter) are amplified by the
transducer horn into vibrational energy. The vibrations are then transmitted from the
transducer through the ultrasound catheter via an ultrasound transmission member (or wire)
running longitudinally through the catheter. The transmission member transmits the
vibrational energy to the distal end of the catheter where the energy is used to ablate or

otherwise disrupt a vascular obstruction.

[0005] To effectively reach various sites for treatment of intravascular occlusions,
ultrasound catheters of the type described above typically have lengths of about 150 cm or
longer. To permit the advancement of such ultrasound catheters through small and/or
tortuous blood vessels such as the aortic arch, coronary vessels, and peripheral vasculature of
the lower extremities, the catheters (and their respective ultrasound transmission wires) must
typically be sufficiently small and flexible. Also, due to attenuation of ultrasound energy
along the long, thin, ultrasound transmission wire, a sufficient amount of vibrational energy
must be applied at the proximal end of the wire to provide a desired amount of energy at the

distal end.

[0006] A number of ultrasound catheter devices have been described, for example in Patent
Application Serial Nos. Application Serial No. 10/229,371, 10/345078, 10/375,903, and
10/410617, which were previously incorporated by reference. Improvements, however, are
always being sought. For example, it continues to be challenging to develop a catheter that is
stiff enough to be pushable or "steerable" through vasculature yet flexible enough, at least
along part of its length, to navigate small, tortuous blood vessels, such as the coronary
arteries or tortuous peripheral vasculature. It is also sometimes difficult to manipulate
currently available ultrasound catheter devices, for example to twist or torque the proximal
end of the catheter to move the distal end in a way that helps with navigation through the

vasculature. Passage of a guidewire through an ultrasound catheter may also be improved
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upon, such that the guidewire does not interfere with, and may even enhance, disruption of

vascular occlusions.

[0007] Therefore, a need exists for improved ultrasound catheter devices and methods that
provide ablation or disruption of vascular occlusions. Ideally, such ultrasound catheters
would have enhanced ability to navigate through small, tortuous blood vessels such as the
coronary arteries. It would also be advantageous to have catheters that could be easily
manipulated by a user. Ideally, such devices would allow for passage of a guidewire without
interfering with, and perhaps even enhancing, disruption of vascular occlusions. At least

some of these objectives will be met by the present invention.

BRIEF SUMMARY OF THE INVENTION
[0008] Ultrasound catheter devices and methods provide enhanced disruption of blood
vessel obstructions. Generally, ultrasound catheters include an elongate flexible catheter
body with one or more lumens, an ultrasound transmission member extending longitudinally
through the catheter body lumen, and a distal head coupled with the transmission member
and positioned adjacent the distal end of the catheter body for disrupting occlusions.
Improved features include but are not limited to catheter bodies and ultrasound transmission
members with increasing flexibility toward their distal ends, devices that bend concomitantly
with one or more bends in a guidewire and/or a blood vessel, a proximal housing coupled
with an ultrasound catheter body for enhancing manipulation of the catheter body, a
guidewire lumen configured to allow contact between a guidewire and an ultrasound

transmission member, distal heads with improved guidewire lumens and the like.

[0009] In one aspect of the present invention, an ultrasound catheter for disrupting
occlusions in blood vessels is provided, which can be guided from an access site on a
patient's body to a target site adjacent an occlusion. The ultrasound catheter generally
includes an elongate flexible catheter body, an ultrasound transmission member extending
longitudinally through the lumen of the catheter body, a distal head coupled with the distal
end of the ultrasound transmission member and disposed adjacent the distal end of the
catheter body, and at least one coupling member for coupling the ultrasound transmission
member with a source of ultrasound energy. The catheter body has a proximal portion, a
distal portion and at least one lumen, the proximal portion being stiffer than the distal portion,
and the distal portion being more flexible near the distal end of the catheter body than near

the proximal portion of the catheter body. The ultrasound transmission member has a
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proximal end and a distal end and is more flexible near its distal end than near its proximal
end. Thus, both the distal portion of the catheter body and the ultrasound transmission

member are more flexible toward the distal end of the device.

[0010] The increasing flexibility of the catheter body and the ultrasound transmission wire
toward the distal end of the catheter device may be achieved by any suitable fabrication
method. In some embodiments, for example, the ultrasound transmission wire, catheter body,
or both may be tapered, such that their cross-sectional diameters decrease distally. In one
embodiment, for example, the cross-sectional diameter of a catheter body may range from
between about 0.102 cm and about 0.178 cm along its proximal end to between about 0.076
cm and about 0.127 cm along its distal end, and the cross-sectional diameter of an ultrasound
transmission member may range from between about 0.051 cm and about 0.102 cm near its
proximal end to between about 0.013 cm and about 0.038 cm near its distal end. Additionally
or alternatively, the wall thickness of the catheter body may decrease from proximal to distal.
For example, in one embodiment, the wall thickness of a catheter body may measure about
0.007 cm to about 0.020 cm along its proximal portion and about 0.005 cm to about 0.013 cm
along its distal portion. In these or other embodiments, various combinations of materials
may be used to give the catheter body, transmission wire or both a desired flexibility profile.
Providing an ultrasound catheter with a catheter body and ultrasound transmission wire that
both increase in flexibility toward the distal end of the device will enhance navigation of the
distal end of the device through tortuous blood vessels. In one embodiment, for example, the
distal portion of the device will be sufficiently flexible to pass, without kinking, through at
least 5 cm length of a blood vessel having at least one bend and an inner diameter of between
about 2 mm and about 5 mm. A "tortuous vessel," for the purposes of this application, means
having at least one bend or curve, and the bend or curve may have any angle or radius of
curvature. In some embodiments, for example, at least one bend in a vessel may have a
radius of about 1.0 cm or less. In some instances, of course, a tortuous blood vessel will have

multiple bends or curves.

[0011] In another aspect of the invention, an ultrasound catheter for disrupting occlusions
in blood vessels which can be guided along a guidewire from an access site on a patient's
body to a target site adjacent an occlusion includes an elongate flexible catheter body, an
ultrasound transmission member extending longitudinally through the lumen of the catheter

body, a distal head coupled with the distal end of the ultrasound transmission member and
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disposed adjacent the distal end of the catheter body, and at least one coupling member for
coupling the ultrasound transmission member with a source of ultrasound energy. In this
aspect, the catheter body has a proximal portion, a distal portion and at least one lumen, the
proximal portion has a larger cross-sectional diameter than the distal portion, the proximal
portion is sufficiently stiff to push the distal portion through a blood vessel having at least
one bend, and the distal portion is sufficiently flexible to pass through the bend in the blood
vessel. The ultrasound transmission member has a proximal end and a distal end, the cross-
sectional diameter of the ultrasound transmission member is less near its distal end than near
its proximal end, and a distal portion of the ultrasound transmission member is sufficiently
flexible to pass through the bend in the blood vessel. Again, in some embodiments the wall

of the catheter body may be thinner along the distal portion than along the proximal portion.

[0012] In another aspect of the present invention, an ultrasound catheter for disrupting
occlusions in blood vessels which can be guided from an access site on a patient's body to a
target site adjacent an occlusion includes an elongate flexible catheter body having a
proximal portion, a distal portion and at least one lumen, an ultrasound transmission member
extending longitudinally through the lumen of the catheter body, a distal head coupled with
the distal end of the ultrasound transmission member and disposed adjacent the distal end of
the catheter body, and at least one coupling member for coupling the ultrasound transmission
member with a source of ultrasound energy. In this aspect, the distal portion of the catheter
body is more flexible near a distal end of the catheter body than near the proximal portion of
the catheter body, and the ultrasound transmission member is more flexible near its distal end
than near its proximal end. Additionally, the distal portion of the catheter body and the
ultrasound transmission member are sufficiently flexible to conform concomitantly with at

least one bend in a guidewire extended through the at least one lumen.

[0013] By "conforming concomitantly" it is meant that the catheter body and the ultrasound
transmission member conform to the at least one bend in the éuidewire such that the catheter
body, transmission member and guidewire bend at an approximately similar angle. In some
embodiments, the distal portion of the catheter body and the ultrasound transmission wire are
sufficiently flexible to conform concomitantly to multiple bends in the guidewire. Also in
some embodiments, the distal portion of the catheter body and the ultrasound transmission
member are sufficiently flexible to conform concomitantly to multiple bends in a blood

vessel. In various embodiments, the catheter may be advanced over a guidewire, a guidewire
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may be passed through the catheter body, or the catheter body, ultrasound transmission wire
and guidewire may be advanced through a blood vessel simultaneously. Thus, in various ‘
embodiments, the distal portion of the catheter body, the ultrasound transmission wire and the
guidewire may be passed together or sequentially through the multiple bends in the blood

vessel while conforming concomitantly to the multiple bends.

[0014] In another aspect of the present invention, an ultrasound catheter for disrupting
occlusions in blood vessels which can be guided from an access site on a patient's body to a
target site adjacent an occlusion includes an elongate flexible catheter body having a
proximal portion, a distal portion and at least one lumen, an ultrasound transmission member
extending longitudinally through the lumen of the catheter body, a distal head coupled with
the distal end of the ultrasound transmission member and disposed adjacent the distal end of
the catheter body, and at least one coupling member for coupling the ultrasound transmission
member with a source of ultrasound energy. In this aspect, the distal portion of the catheter
body has at least one bend, and at least one lumen, the proximal portion of the catheter body
is stiffer than the distal portion, and the distal portion is more flexible near a distal end of the
catheter body than near the proximal portion of the catheter body. The ultrasound
transmission member is more flexible near its distal end than near its proximal end, the
ultrasound transmission member conforms to the at least one bend in the distal portion of the
catheter body, and the distal portion of the catheter body and the ultrasound transmission
member are sufficiently flexible to conform concomitantly to at least one bend in a

guidewire.

[0015] In still another aspect of the present invention, an ultrasound catheter for disrupting
occlusions in blood vessels which can be guided from an access site on a patient's body to a
target site adjacent an occlusion includes an elongate flexible catheter body having a
proximal portion, a distal portion and at least one lumen, an ultrasound transmission member
extending longitudinally through the lumen of the catheter body, a distal head coupled with
the distal end of the ultrasound transmission member and disposed adjacent the distal end of
the catheter body, and at least one coupling member for coupling the ultrasound transmission
member with a source of ultrasound energy. In this aspect, the catheter body includes a
guidewire tube disposed within the lumen, and the proximal portion of the body is stiffer than

the distal portion. The guidewire tube includes at least one opening within the catheter body
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for providing contact between a guidewire extending through the guidewire tube and the

ultrasound transmission member.

[0016] Allowing a guidewire to contact the ultrasound transmission member may facilitate
passage of the guidewire into or through a vascular occlusion, by allowing a portion of the
ultrasound energy transmitted by the transmission member to be transferred to the guidewire.
In various embodiments, the guidewire may contact the transmission member near the
proximal end of the catheter device, near the distal end, near the middle, or some combination
thereof. In some embodiments, the guidewire tube includes two openings within the catheter
body, to allow the transmission member to pass through the tube. Any other configuration
for allowing contact between a guidewire and the ultrasound transmission member is also

contemplated.

[0017] In another aspect of the present invention, an ultrasound catheter for disrupting
occlusions in blood vessels which can be guided from an access site on a patient's body to a
target site adjacent an occlusion includes an elongate flexible catheter body having a
proximal portion, a distal portion and at least one lumen, an ultrasound transmission member
extending longitudinally through the lumen of the catheter body, a distal head coupled with
the distal end of the ultrasound transmission member and disposed adjacent the distal end of
the catheter body, and at least one coupling member for coupling the ultrasound transmission
member with a source of ultrasound energy. In this aspect, the distal head includes a
guidewire aperture in the center of its distal end and a guidewire lumen extending through the
distal head. The guidewire lumen, in turn, has a different longitudinal axis than the

longitudinal axis of the catheter body.

[0018] Having a guidewire lumen that exits from the center of the distal head is
advantageous for advancing the guidewire as well as the catheter device. Angling the
guidewire lumen away from the longitudinal axis of the catheter body allows a guidewire and
the ultrasound transmission member to pass through a narrower catheter body, thus
decreasing the diameter of the catheter device and facilitating passage through tortuous
vessels. In some embodiments, the guidewire lumen in the distal head includes a cavity in
which a distal end of a guidewire tube of the catheter body is disposed. In some
embodiments, the cavity extends through the distal end of the distal head, such that the distal
end of the guidewire tube is flush with the distal end of the distal head. In other
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embodiments, the cavity extends partially through the distal head, such that the distal end of
the guidewire tube is disposed proximal to the distal end of the distal head.

[0019] In another aspect of the present invention, an ultrasound catheter for disrupting
occlusions in blood vessels which can be guided from an access site on a patient's body to a
target site adjacent an occlusion includes an elongate flexible catheter body having a
proximal portion, a distal portion and at least one lumen, an ultrasound transmission member
extending longitudinally through the lumen of the catheter body, a distal head coupled with
the distal end of the ultrasound transmission member and disposed adjacent the distal end of
the catheter body, and at least one coupling member for coupling the ultrasound transmission
member with a source of ultrasound energy. In this aspect of the invention, the at least one
coupling member comprises a housing fixedly coupled with the proximal end of the catheter
body such that torque applied to the housing is transmitted along the catheter body to its
distal portion.

[0020] In yet another aspect of the invention, a method for disrupting an occlusion in a
blood vessel involves: advancing an ultrasound catheter through a blood vessel having at
least one bend, the catheter conforming concomitantly to the at least one bend, wherein
advancing includes contacting an ultrasound transmission member of the ultrasound catheter
with a guidewire at one or more locations within the catheter; positioning a distal end of the
ultrasound catheter adjacent an occlusion in the blood vessel; and transmitting ultrasound
energy to the ultrasound transmission member to disrupt the occlusion into multiple occlusion
fragments, wherein transmitting includes transmitting ultrasound energy to the guidewire.
Optionally, the method may further include removing at least some of the occlusion
fragments from the blood vessel via the ultrasound catheter. In some embodiments, the
ultrasound catheter is advanced along the guidewire. Alternatively, the guidewire may be
passed through the catheter, or the catheter and the guidewire may be advanced together
through the blood vessel. Positioning may also involve advancing the ultrasound catheter and
the guidewire along multiple bends in the blood vessel, wherein a catheter body of the
catheter, the ultrasound transmission member and the guidewire conform concomitantly to
the multiple bends. Bends may have any suitable angle or radius of curvature. In one
embodiment, for example, one or more bends may have a radius of about 1.0 cm or less. The
method may also involve applying radial force to a proximal housing of the ultrasound

catheter to radially turn the distal end of the ultrasound catheter in the blood vessel.
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[0021] Further aspects and specific embodiments of the invention will be described below,

in reference to the attached drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIG. 1 is a perspective view of an ultrasound catheter system including an
ultrasound catheter device and ultrasound energy source according to an embodiment of the

present invention;

[0023] FIG. 1A is a cross-sectional side view of an ultrasound catheter device according to

one embodiment of the present invention;

[0024] FIG. 2 is a perspective view of a human heart and an ultrasound catheter device,
showing one possible path along which a device may advanced according to an embodiment

of the present invention;

[0025] FIG. 3 is a cross-sectional side view of a portion of an ultrasound catheter device

according to an embodiment of the present invention;

[0026] FIG. 4 is a cross-sectional side view of a distal portion of an ultrasound catheter

device and a guidewire according to an embodiment of the present invention;

[0027] FIG. 5 is a cross-sectional side view of a distal portion of an ultrasound catheter

device and a guidewire according to an embodiment of the present invention;

[0028] FIG. 6 is a cross-sectional side view of the distal end of the ultrasound catheter

device and a guidewire shown in Figure 5;

[0029] FIG. 7 is a cross-sectional side view of a distal end of an ultrasound catheter device

and a guidewire according to an embodiment of the present invention; and

[0030] FIG. 8 is a perspective view of an ultrasound catheter device having a fixed

proximal housing according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0031] Ultrasound catheter devices and methods of the present invention generally provide
for enhanced treatment of occlusive intravascular lesions. Catheter devices generally include

a catheter body, an ultrasound energy transmission member disposed within the catheter body



WO 2005/053769 PCT/US2004/035767

and a distal head coupled with the energy transmission member and disposed adjacent the
distal end of the catheter body. The ultrasound transmission member transmits ultrasound
energy from an ultrasound transducer to the distal head, causing the head to vibrate and, thus,
disrupt vascular occlusions. A number of improved features of such ultrasound catheter

devices are described more fully below.

[0032] Referring now to Figure 1, one embodiment of an ultrasound catheter system 20
suitably includes an ultrasound catheter device 10, including a proximal end connector 12 for
coupling device 10 with an ultrasound transducer 14, and an ultrasound generator 16 coupled
with transducer 14 and a foot-actuated on/off switch 18 to provide ultrasonic energy to
transducer 14 and, thus, to ultrasound catheter 10. Generally, catheter 10 includes an
ultrasound transmission member, or wire (not shown), for transmitting energy from the
transducer 14 to a distal head 26 of catheter 10. In some embodiments, transducer 14 further
includes a securing device 15 for enhancing coupling of catheter 10 to transducer 14.
Components of system 20 may be coupled via any suitable means, such as connecting wires

of any kind, wireless connections or the like.

[0033] In addition to proximal connector 12, ultrasound catheter device 10 may include one
or more other various components, such as a Y-connector 11 or the like for providing access
for irrigation, guidewire passage, suction or the like. Some embodiments of device include a
monorail guidewire 13, some include a proximal guidewire port 17 for over the wire
guidewire delivery, and some embodiments include both. In some embodiments, Y-
connector may include an irrigation port, for providing access for an irrigation tube 24.
Irrigation tube 24, in some embodiments, may be used for introducing one or more fluids,
applying vacuum, or both. Generally, catheter device 10 may include any suitable number of
side-arms or ports for passage of a guidewire, infusing and/or withdrawing irrigation fluid,
dye and/or the like, or any other suitable ports or connections. Also, ultrasound catheters 10
of the present invention may be used with any suitable proximal devices, such as any suitable
ultrasound transducer 14, ultrasound generator 16, coupling device(s) and/or the like.
Therefore, exemplary Figure 1 and any following descriptions of proximal apparatus or
systems for use with ultrasound catheters 10 should not be interpreted to limit the scope of

the present invention as defined in the appended claims.

[0034] Referring now to Figure 1A, a cross-sectional side view of one embodiment of

ultrasound catheter device 10 is shown. Generally, ultrasound catheter 10 suitably includes

10
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an elongate catheter body 22 with an ultrasound transmission member 24 disposed
longitudinally through a catheter lumen 21 and ending in distal head (not shown). Catheter
body 22 is generally a flexible, tubular, elongate member, having any suitable diameter and
length for reaching a vascular occlusion for treatment. In one embodiment, for example,
catheter body 22 preferably has an outer diameter of between about 0.5 mm and about 5.0
mm. In other embodiments, as in catheters intended for use in relatively small vessels,
catheter body 22 may have an outer diameter of between about 0.25 mm and about 2.5 mm.
Catheter body 22 may also have any suitable length. As discussed briefly above, for
example, some ultrasound catheters have a length in the range of about 150 cm. However,
any other suitable length may be used without departing from the scope of the present
invention. Examples of catheter bodies similar to those which may be used in the present
invention are described in U.S. Patent Nos. 5,267,954 and 5,989,208, which were previously

incorporated herein by reference.

[0035] In some embodiments, catheter body 22 is made from a polymeric material.
Sometimes the polymer will have a desired amount of flexibility, such as in one embodiment
where catheter body 22 is made of a polymer having a flexural modulus of less than about
160 Psi. In some embodiments, such a polymer will be one of any number of polyether block
amides, although other polymers may of course be used. In some embodiments, such
polyether block amides may have a Shore D hardness value ranging from about 55 to about
75, while in other embodiments they may have a Shore D hardness value ranging from about
25 to about 55. In some embodiments, the polymeric material includes up to about 5 weight

percent of a colorant.

[0036] Inmost embodiments, ultrasound transmission member 24, which may comprise a
wire, wave guide or the like, extends longitudinally through catheter body lumen 21 to
transmit ultrasonic energy from ultrasound transducer 14 (Fig. 1) to the distal end of catheter
10. Ultrasound transmission member 24 may be formed of any material capable of
effectively transmitting ultrasonic energy from ultrasound transducer 14 to the distal end of
catheter body 22, including but not limited to metals such as pure titanium or aluminum, or
titanium or aluminum alloys. In accordance with one aspect of the invention, all or a portion
of ultrasound transmission member 24 may be formed of one or more materials which exhibit
superelastic properties. Such material(s) should preferably exhibit superelasticity

consistently within the range of temperatures normally encountered by ultrasound

11



WO 2005/053769 PCT/US2004/035767

transmission member 24 during operation of ultrasound catheter apparatus 10. For example,
in some embodiments, the material is an alloy having a tensile strength of between about
170,000 Psi and about 250,000 Psi. In some embodiments, the alloy exhibits elongation of
between about 7% and about 17%. For example, in some embodiments the alloy is a nickel-

titanium alloy having nickel content of between about 50.50 and about 51.50 atomic weight.

[0037] Use of supereleastic metal alloys in ultrasound transmission members is described
in U.S. Patent No. 5,267,954, previously incorporated by reference. Examples of superelastic
. metal alloys which may be used are described in detail in U.S. Patent Nos. 4,665,906 (Jervis);
4,565,589 (Harrison); 4,505,767 (Quin); and 4,337,090 (Harrison), the entire disclosures of
which are hereby incorporated by reference insofar as they describe the compositions,
properties, chemistries and behavior of specific metal alloys which are superelastic within the
temperature range at which ultrasound transmission member 24 of the present invention
operates, any and all of which superelastic metal alloys may be used to form ultrasound
transmission member 24 of the present invention. In some embodiments, for example, the
alloy exhibits a superelastic temperature range of about 10 degrees Celsius to about 50

degrees Celsius.

[0038] With continued reference to Figurel A, one embodiment of proximal end connector
12 suitably includes a housing 42 with a hollow inner bore 44. Bore 44 may have a uniform
inner diameter along its length or, alternatively, may have multiple segments, such as a
proximal segment 47, a middle segment 45 and a distal segment 49, each of which may
surround one or more various components of proximal end connector 12. Generally,
proximal segment 47 of bore 44 is configured to allow coupling with ultrasound transducer
14 (not shown) via any suitable coupling means, such as a pressure fit, complementary
threads or the like. Proximal segment 47 includes a sonic connector 52 for transmitting
vibrational energy from transducer 14 to ultrasound transmission member 24. Sonic
connector 52 may be held within housing 42 by any suitable means. In some embodiments,
for example, a dowel pin may extend through sonic connector 52 to hold it within housing 42.
In another embodiment, sonic connector 52 may be secured within housing 42 by means of a

cavity in housing 42.

[0039] Middle segment 45 of bore 44, in some embodiments, may surround a portion of
sonic connector 52, while in other embodiments, sonic connector 52 may be housed only

within proximal segment 47. Sonic connector 52 is coupled with the proximal end of
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ultrasound transmission member 24 by any suitable means for transmitting ultrasound energy
to transmission member 24 from transducer 14. Absorber members 50, such as O-rings,
surround a portion of ultrasound transmission member 24 for providing absorption of
transverse vibration. Absorber members 50 may be used in any number or combination and
have and suitable size and configuration, depending on the desired level of vibration
absorption or dampening. Alternatively or additionally, other dampening structures may be

used. Thus, the invention is not limited to the combination shown in Figure 1A.

[0040] Distal segment 49 of bore 44 typically surrounds a portion of ultrasound
transmission member 24 and may also contain one or more additional sets of absorber
members 50. Distal segment 49 may also contain a portion of a Y-connector 11, which is
coupled with the distal end of housing 42. Coupling of Y-connector 11 with the distal end of
housing 42 may be accomplished via complementary threads, pressure fitting, or any other
suitable means. A Y-connector lumen 48 of Y-connector 11 allows passage of ultrasound

transmission member 24 and is in fluid communication with catheter body lumen 21.

[0041] Generally, pressurized fluid such as a coolant liquid may be infused through a side-
arm 13 of Y-connector, through Y-connector lumen 48 and through catheter body lumen 21
so that it flows out of one or more fluid outflow apertures in distal head 26. The temperature
and flow rate of such coolant liquid may be specifically controlled to maintain the
temperature of ultrasound transmission member 24 at a desired temperature within its optimal
working range. In particular, in embodiments of the invention wherein ultrasound
transmission member 24 is formed of a metal alloy which exhibits optimal physical
properties (e.g. super elasticity) within a specific range of temperatures, the temperature and
flow rate of coolant liquid infused through fluid infusion side-arm 13 may be specifically
controlled to maintain the temperature of ultrasound transmission member 24 within a range
of temperatures at which it demonstrates its most desirable physical properties. For example,
in embodiments of the invention wherein ultrasound transmission member 24 is formed of a
shape memory alloy which exhibits super elasticity when in its martensite state, but which
loses super elasticity as it transitions to an austenite state, it will be desirable to adjust the
temperature and flow rate of the coolant liquid infused through fluid infusion side-arm 13 so
as to maintain the shape memory alloy of ultrasound transmission member 24 within a
temperature range at which the alloy will remain in its martensite state and will not transition

to an austenite state. The temperature at which such shape memory alloys transition from a
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martensite state to an austenite state is known as the "martensite transition temperature" of
the material. Thus, in these embodiments, the fluid infused through side-arm 13 will be at
such temperature, and will be infused at such rate, as to maintain the shape memory alloy of

ultrasound transmission member 24 below its martensite transition temperature.

[0042] Referring now to Figure 2, an ultrasound catheter device 100 may be used in to treat
one or more coronary arteries CA in a human heart H. Some embodiments include a flexible
distal portion configured to navigate one or more bends 102 in a coronary artery CA or other

vessel. In some embodiments, catheter device 100 will be positioned in a coronary artery CA
or other vessel by advancing it over (or along with) a guidewire 104. Some embodiments

may also include or be used with a guide catheter 106.

[0043] As mentioned above, a "tortuous blood vessel," for the purposes of this application,
means a vessel having at least one bend (which may also be referred to as a "curve" or the
like), having any angle of curvature. In some cases, of course, tortuous vessels also have
relatively small inner diameters and multiple bends, and various embodiments of ultrasound
catheter device 100 are configured to navigate multiple bends in a vessel. In some
embodiments, ultrasound catheter device 100 is configured to conform to one or more bends
in a vessel such that two or more components of the device bend concomitantly with one
another. For example, in some embodiments, when device 100 extends through a bend in a
vessel, an ultrasound transmission member and a catheter body of device 100 will bend with
approximately the same angle. In some embodiments, the ultrasound transmission member,
the catheter body and a guidewire extending through the catheter may all bend concomitantly
to conform to a bend in a blood vessel. Such concomitant bending is in contrast with some
prior art devices, wherein the ultrasound transmission member, for example, is relatively
stiffer than a distal portion of the catheter body, so that when the device is placed in a bend in

a blood vessel, the catheter body bends at a more acute angle than the transmission member.

[0044] Referring now to Figure 3, in one embodiment an ultrasound catheter device 110 of
the present invention includes a catheter body 116 having a proximal portion 112 and a distal
portion 114, an ultrasound transmission member 118, and a distal head 111. As discussed
above, catheter body 116, transmission member 118 and distal head 111 may be fabricated
from any suitable material(s) and may have any of a number of suitable configurations,
dimensions, and the like. In fact, Figure 3 is not drawn to scale, and distal portion 114, for

example, may be relatively much longer than shown in Figure 3.
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[0045] Proximal portion 112 of catheter body 116 is generally stiffer than distal portion
114, such proximal portion 112 is used for pushing or steering, and distal portion 114 is
sufficiently flexible to navigate through a tortuous blood vessel to reach an occlusion site.
The difference in stiffness/flexibility may be achieved by using different materials for the
different portions, by configuring proximal portion 112 with a thicker wall than distal portion
114, by giving proximal portion 112 a larger outer diameter, any combination of these, or any
other suitable technique. In some embodiments, proximal portion 112 and distal portion 114
are made from one piece of material, or one extrusion, while in other embodiments two or
more pieces of material may be joined together. Ultrasound transmission member 118 also
becomes more flexible (less stiff) toward its distal end. This is typically achieved by tapering
transmission member 118, and the taper may be gradual, as shown in Figure 3, or may be
achieved in one or more less-gradual steps. By providing catheter body 116 and ultrasound
transmission member 118 with progressively increasing flexibility toward the distal end,
catheter device 110 may provide enhanced "pushability" or "steerability," while also

facilitating navigation of tortuous vessels with distal portion 114.

[0046] With reference now to Figure 4, another embodiment of an ultrasound catheter
device 120 includes a catheter body 126, an ultrasound transmission member 128 and a
guidewire tube 124 disposed within body 126, and a distal head coupled with ultrasound
transmission member 121. Guidewire tube 124 may enter catheter body 126 at any suitable
location and may extend distally up to, partially through, or completely through distal head
121, as will be explained more fully below. In one embodiment, guidewire tube 124 includes
at least one opening 125 disposed within catheter body 126, for allowing a guidewire 122 to
contact ultrasound transmission member 128 at one or more locations. In the embodiment
shown, guidewire tube 124 includes two openings 125 to allow ultrasound transmission
member 128 to pass through tube 124, Any other suitable opening(s) is also contemplated
within the scope of the invention. By allowing guidewire 122 to contact ultrasound
transmission member 128, an amount of ultrasound energy may be transferred from
transmission member 128 to guidewire 122. This transferred energy may cause guidewire
122 to vibrate, and such vibrational energy may enhance the ability of guidewire 122 to cross
a vascular occlusion. In many procedures, it is often advantageous to penetrate or cross an
occlusion with guidewire 122, and utilizing ultrasound energy transferred to guidewire 122

from transmission member 128 will enhance such procedures.

15



WO 2005/053769 PCT/US2004/035767

[0047] Referring now to Figures 5 and 6, another embodiment of an ultrasound catheter
device 130 suitably includes a catheter body 136, an ultrasound transmission member 138
and a guidewire tube 134 disposed within catheter body 136, and a distal head 131 coupled
with the distal ends of transmission member 128 and guidewire tube 134. In this
embodiments, distal head 131 includes a guidewire lumen 135. Guidewire lumen 135 has a
cavity at its proximal end for accepting the distal end of guidewire tube 134. In alternative
embodiments, distal head 131 may not include a cavity, and guidewire tube 134 may abut the
proximal end of distal head 131, or the cavity may extend all the way through distal head
131, so that guidewire tube 134 extends all the way through distal head 131 and is flush with
the distal end of distal head 131. Also in the embodiment depicted in Figures 5 and 6,
guidewire lumen 135 of distal head 131 has a longitudinal axis 139 which is not parallel to
the overall longitudinal axis 137 of catheter device 130. Thus, at least a distal portion of
guidewire tube 134 is also disposed on the longitudinal axis 139 that is not parallel to the
catheter device's 130 longitudinal axis 137. At the same time, guidewire lumen 135 of distal
head 131 exits approximately at the center of the distal end of distal head 131. Typically, it is
advantageous to have guidewire 132 exit approximately the center of distal head 131, to
facilitate tracking of catheter device 130 along guidewire 132. It may also be advantageous,
however, to offset guidewire tube 134 within catheter body 136, so that guidewire tube 134
and ultrasound transmission member 138 may fit within a catheter body having a smaller
inner diameter. Smaller diameter catheters, of course, are more easily advanced through

tortuous vasculature.

[0048] Generally, any coupled components described above may be coupled by any
suitable means, such as adhesives, complementary threaded members, pressure fittings, and
the like. For example, distal head 131 may be coupled with ultrasound transmission member
138, guidewire tube 134, and/or catheter body 136 with any suitable adhesive substance or
via welding, bonding, pressure fitting, threaded fittings or the like. Adhesives may include,
but are not limited to cyanoacrylate (eg. Loctite™, Loctite Corp., Ontario, CANADA or Dron
Alpha™, Borden, Inc., Columbus, OH.) or polyurethane (e.g. Dymax™, Dymax Engineering
Adhesive, Torrington, CT) adhesives. Some embodiments may also include one or more
anchoring members for further securing distal head 131 to the ultrasound catheter device 130.
Examples of such anchoring members are described more fully in Application Serial No.

10/410617, which was previously incorporated by reference.
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[0049] Referring now to Figure 7, another embodiment of an ultrasound catheter device
140 includes a catheter body 146, ultrasound transmission member 148, guidewire tube 144
and distal head 141 having a guidewire lumen 145. In this embodiment, as mentioned briefly
above, guidewire lumen 145 is configured such that guidewire tube 144 extends through the
whole length of distal head 141 and ends flush with the distal end of distal head 141.
Generally, distal head 141 and guidewire lumen 145 may have any suitable sizes, shapes,
configurations, dimensions and the like, and the invention is in no way limited by the

embodiments shown.

[0050] With reference now to Figure 8, some embodiments of an ultrasound catheter device
150 include a proximal housing 152 that is fixedly coupled with a catheter body 156.
Housing 152 may be a handle, a coupling member for coupling the device 150 to an
ultrasound transducer, or any other suitable proximal device for allowing a user to manipulate
catheter device 150. By providing fixed coupling between housing 152 and catheter body, a
proximal rotational force 155a (or torque, or twisting) applied at housing 152 will be
transmitted to catheter body 156 to cause the distal end of catheter body 156 and distal head
151 to rotate 155b. It has been found that torquing, twisting or rotating ultrasound catheter
device 150 may facilitate navigation of the device through tortuous vasculature and/or

dissolution of a vascular occlusion using the device.

[0051] Although the invention has been described above with specific reference to various
embodiments and examples, it should be understood that various additions, modifications,
deletions and alterations may be made to such embodiments without departing from the spirit
or scope of the invention. Accordingly, it is intended that all reasonably foreseeable
additions, deletions, alterations and modifications be included within the scope of the

invention as defined in the following claims.
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WHAT IS CLAIMED IS:

1. An ultrasound catheter for disrupting occlusions in blood vessels
which can be guided from an access site on a patient's body to a target site adjacent an
occlusion, the ultrasound catheter comprising:

an elongate flexible catheter body having a proximal portion, a distal portion
and at least one lumen, wherein the proximal portion is stiffer than the distal portion, and the
distal portion is more flexible near a distal end of the catheter body than near the proximal
portion of the catheter body;

an ultrasound transmission member extending longitudinally through the
lumen of the catheter body and having a proximal end and a distal end, wherein the
ultrasound transmission member is more flexible near its distal end than near its proximal
end;

a distal head coupled with the distal end of the ultrasound transmission
member and disposed adjacent the distal end of the catheter body; and

at least one coupling member for coupling the ultrasound transmission

member with a source of ultrasound energy.

2. An ultrasound catheter as in claim 1, wherein the distal portion is
sufficiently flexible to pass, without kinking, through at least 5 cm of a blood vessel having at

least one bend and an inner diameter of between about 2 mm and about 5 mm.

3. An ultrasound catheter as in claim 2, wherein the at least one bend has

aradius of about 1.0 cm or smaller.

4, An ultrasound catheter as in claim 1, wherein cross-sectional diameter
of the catheter body is less along the distal portion than along the proximal portion, and
wherein a cross-sectional diameter of the ultrasound transmission wire is less near the distal

end than near the proximal end.

5. An ultrasound catheter as in claim 4, wherein the cross-sectional
diameter of the catheter body is between about 0.102 cm and about 0.178 cm along its
proximal end and between about 0.076 cm and about 0.127 cm along its distal end, and the

cross-sectional diameter of the ultrasound transmission member is between about 0.051 cm
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and about 0.102 cm near its proximal end and between about 0.013 cm and about 0.038 cm

near its distal end.

6. An ultrasound catheter as in claim 4, wherein a wall thickness of the

catheter body is less along the distal portion than along the proximal portion.

7. An ultrasound catheter as in claim 6, wherein the wall thickness is
between about 0.007 cm to about 0.020 cm along its proximal portion and about 0.005 cm to
about 0.013 cm along its distal portion.

8. An ultrasound catheter for disrupting occlusions in blood vessels
which can be guided along a guidewire from an access site on a patient's body to a target site
adjacent an occlusion, the ultrasound catheter comprising:

an elongate flexible catheter body having a proximal portion, a distal portion
and at least one lumen, wherein the proximal portion has a larger cross-sectional diameter
than the distal portion, the proximal portion is sufficiently stiff to push the distal portion
through a blood vessel having at least one bend, and the distal portion is sufficiently flexible
to pass through the bend in the blood vessel,

an ultrasound transmission member extending longitudinally through the
lumen of the catheter body and having a proximal end and a distal end, wherein a cross-
sectional diameter of the ultrasound transmission member is less near its distal end than near
its proximal end, and a distal portion of the ultrasound transmission member is sufficiently
flexible to pass through the bend in the blood vessel;

a distal head coupled with the distal end of the ultrasound transmission
member and disposed adjacent the distal end of the catheter body; and

at least one coupling member for coupling the ultrasound transmission

member with a source of ultrasound energy.

9. An ultrasound catheter as in claim 8, wherein the distal portion is
sufficiently flexible to pass, without kinking, through at least 5 cm of the blood vessel,
wherein the blood vessel has an inner diameter of between about 2 mm and about 5 mm, and

the at least one bend has a radius of about 1.0 cm or smaller.

10. An ultrasound catheter as in claim 8, wherein a wall thickness of the

catheter body is less along the distal portion than along the proximal portion.
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11. An ultrasound catheter as in claim 10, wherein the wall thickness is
between about 0.007 cm to about 0.020 cm along its proximal portion and about 0.005 ¢cm to
about 0.013 cm along its distal portion.

12.  Anultrasound catheter for disrupting occlusions in blood vessels
which can be guided along a guidewire from an access site on a patient's body to a target site
adjacent an occlusion, the ultrasound catheter comprising:

an elongate flexible catheter body having a proximal portion, a distal portion
and at least one lumen, wherein the proximal portion is stiffer than the distal portion, and the
distal portion is more flexible near a distal end of the catheter body than near the proximal
portion of the catheter body; |

an ultrasound transmission member extending longitudinally through the
lumen of the catheter body and having a proximal end and a distal end, wherein the
ultrasound transmission member is more flexible near its distal end than near its proximal
end, and wherein the distal portion of the catheter body and the ultrasound transmission
member are sufficiently flexible to conform concomitantly with at least one bend in a
guidewire extended through the at least one lumen;

a distal head coupled with the distal end of the ultrasound transmission
member and disposed adjacent the distal end of the catheter body; and

at least one coupling member for coupling the ultrasound transmission

member with a source of ultrasound energy.

13.  Anultrasound catheter as in claim 12, wherein the distal portion of the
catheter body and the ultrasound transmission wire are sufficiently flexible to conform

concomitantly to multiple bends in the guidewire.

14.  Anultrasound catheter as in claim 13, wherein the distal portion of the
catheter body and the ultrasound transmission member are sufficiently flexible to conform

concomitantly to multiple bends in a blood vessel.

15.  Anultrasound catheter as in claim 14, wherein the distal portion of the
catheter body, the ultrasound transmission wire and the guidewire may be passed together or
sequentially through the multiple bends in the blood vessel while conforming concomitantly

to the multiple bends.
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16.  Anultrasound catheter for disrupting occlusions in blood vessels
which can be guided along a guidewire from an access site on a patient's body to a target site
adjacent an occlusion, the ultrasound catheter comprising:

an elongate flexible catheter body having a proximal portion, a distal portion
having at least one bend, and at least one lumen, wherein the proximal portion is stiffer than
the distal portion, and the distal portion is more flexible near a distal end of the catheter body
than near the proximal portion of the catheter body;

an ultrasound transmission member extending longitudinally through the
lumen of the catheter body and having a proximal end and a distal end, wherein the
ultrasound transmission member is more flexible near its distal end than near its proximal
end, wherein the ultrasound transmission member conforms to the at least one bend in the
distal portion of the catheter body, and wherein the distal portion of the catheter body and the
ultrasound transmission member are sufficiently flexible to conform concomitantly to at least
one bend in a guidewire extended through the at least one lumen; |,

a distal head coupled with the distal end of the ultrasound transmission
member and disposed adjacent the distal end of the catheter body; and

at least one coupling member for coupling the ultrasound transmission

member with a source of ultrasound energy.

17.  Anultrasound catheter as in claim 16, wherein the distal portion of the
catheter body and the ultrasound transmission wire are sufficiently flexible to conform

concomitantly to multiple bends in the guidewire.

18.  Anultrasound catheter as in claim 17, wherein the distal portion of the
catheter body and the ultrasound transmission member are sufficiently flexible to conform

concomitantly to multiple bends in a blood vessel.

19. An ultrasound catheter as in claim 18, wherein the distal portion of the
catheter body, the ultrasound transmission wire and the guidewire may be passed together or
sequentially through the multiple bends in the blood vessel while conforming concomitantly

to the multiple bends.

20.  An ultrasound catheter for disrupting occlusions in blood vessels
which can be guided from an access site on a patient's body to a target site adjacent an

occlusion, the ultrasound catheter comprising:

21



WO 2005/053769 PCT/US2004/035767

an elongate flexible catheter body having a proximal portion, a distal portion,
at least one lumen, and a guidewire tube disposed within the lumen, wherein the proximal
portion is stiffer than the distal portion;

an ultrasound transmission member extending longitudinally through the
Iumen of the catheter body;

a distal head coupled with the distal end of the ultrasound transmission
member and disposed adjacent the distal end of the catheter body; and

at least one coupling member for coupling the ultrasound transmission
member with a source of ultrasound energy;

wherein the guidewire tube includes at least one opening within the catheter
body for providing contact between a guidewire extending through the guidewire tube and

the ultrasound transmission member.

21.  An ultrasound catheter as in claim 20, wherein the distal portion of the
catheter body is more flexible near a distal end of the catheter body than near the proximal

portion of the catheter body.

22, An ultrasound catheter as in claim 20, wherein the ultrasound
transmission member comprises a proximal end and a distal end, and wherein the ultrasound

transmission member is more flexible near its distal end than near its proximal end.

23.  Anultrasound catheter as in claim 20, wherein the guidewire contacts
the ultrasound transmission wire nearer the distal end of the catheter body than a proximal

end of the catheter body.

24.  Anultrasound catheter as in claim 20, wherein the guidewire contacts
the ultrasound transmission wire nearer a proximal end of the catheter body than the distal

end of the catheter body.

25.  Anultrasound catheter as in claim 20, wherein the guidewire contacts

the ultrasound transmission wire near the middle of the catheter body.
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26.  Anultrasound catheter for disrupting occlusions in blood vessels
which can be guided from an access site on a patient's body to a target site adjacent an
occlusion, the ultrasound catheter comprising:

an elongate flexible catheter body having a perimal portion, a distal portion
and at least one lumen, wherein the proximal portion is stiffer than the distal portion;

an ultrasound transmission member extending longitudinally through the
lumen of the catheter body;

a distal head coupled with the distal end of the ultrasound transmission
member and disposed adjacent the distal end of the catheter body, the distal head including:

a guidewire aperture in a center of a distal end of the distal head; and
a guidewire lumen extending through the distal head, the guidewire
lumen having a different longitudinal axis than a longitudinal axis of the catheter body; and
at least one coupling member for coupling the ultrasound transmission

member with a source of ultrasound energy.

27.  Anultrasound catheter as in claim 26, wherein the distal portion of the
catheter body is more flexible near a distal end of the catheter body than near the proximal

portion of the catheter body.

28. An ultrasound catheter as in claim 26, wherein the ultrasound
transmission member comprises a proximal end and a distal end, and wherein the ultrasound

transmission member is more flexible near its distal end than near its proximal end.

29.  Anultrasound catheter as in claim 26, wherein the guidewire lumen

includes a cavity in which a distal end of a guidewire tube of the catheter body is disposed.

30.  Anultrasound catheter as in claim 29, wherein the cavity extends
through the distal end of the distal head, such that the distal end of the guidewire tube is flush
with the distal end of the distal head.

31.  Anultrasound catheter as in claim 29, wherein the cavity extends
partially through the distal head, such that the distal end of the guidewire tube is disposed
proximal to the distal end of the distal head.

23



WO 2005/053769 PCT/US2004/035767

32.  Anultrasound catheter for disrupting occlusions in blood vessels
which can be guided from an access site on a patient's body to a target site adjacent an
occlusion, the ultrasound catheter comprising:

an elongate flexible catheter body having a proximal portion, a distal portion
and at least one lumen, wherein the proximal portion is stiffer than the distal portion, and the
distal portion is more flexible near a distal end of the catheter body than near the proximal
portion of the catheter body;

an ultrasound transmission member extending longitudinally through the
lumen of the catheter body and having a proximal end and a distal end, wherein the
ultrasound transmission member is more flexible near its distal end than near its proximal
end;

a distal head coupled with the distal end of the ultrasound transmission
member and disposed adjacent the distal end of the catheter body; and

at least one coupling member for coupling the ultrasound transmission
member with a source of ultrasound energy, the at least one coupling member comprising a
housing fixedly coupled with the proximal end of the catheter body such that torque applied
to the housing is transmitted along the catheter body to its distal portion.

33. A method for disrupting an occlusion in a blood vessel, the method
comprising:

advancing an ultrasound catheter through a blood vessel having at least one
bend, the catheter conforming concomitantly to the at least one bend, wherein advancing
includes contacting an ultrasound transmission member of the ultrasound catheter with a
guidewire at one or more locations within the catheter;

positioning a distal end of the ultrasound catheter adjacent an occlusion in the
blood vessel; and

transmitting ultrasound energy to the ultrasound transmission member to
disrupt the occlusion into multiple occlusion fragments, wherein transmitting includes

transmitting ultrasound energy to the guidewire.

34. A method as in claim 33, further including removing at least some of

the occlusion fragments from the blood vessel via the ultrasound catheter
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35. A method as in claim 33, wherein the ultrasound catheter is advanced

along the guidewire.

36. A method as in claim 33, wherein the guidewire is passed through the

catheter.

37. A method as in claim 33, wherein the catheter and the guidewire are

advanced together through the blood vessel.

38. A method as in claim 33, wherein the ultrasound catheter is advanced

through at least one bend having a radius of about 1.0 cm or less.

39. A method as in claim 33, wherein the ultrasound catheter and the
guidewire are advanced along multiple bends in the blood vessel, wherein a catheter body of
the catheter, the ultrasound transmission member and the guidewire are sufficiently flexible

to conform concomitantly to the multiple bends.

40. A method as in claim 33, further comprising applying radial force to a
proximal housing of the ultrasound catheter to radially turn the distal end of the ultrasound

catheter in the blood vessel.
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