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Steering Mechanism And Steering Line For A
Catheter-Mounted Ultrasonic Transducer

Cross Reference to Related Applications

This application is a continuation of co-pending U.S. Patent

Applications Serial Nos. 08/791,598 and 08/792,897, both filed January 31,
1997.

Background of the Invention

This invention relates to catheter-mounted ultrasonic transducers.

Catheter-mounted ultrasonic transducers are known to the art, as
described for example in U.S. Patents No. 4,794,931 and 5,368,037. These
catheter-mounted transducers are single use, disposable devices which
provide a radial image format either by means of a radial phased array or a
rotating crystal. These devices do not include any mechanism for steering or
articulating the tip of the catheter. Because the catheter tip cannot be
steered, it is in general not possible to position the transducer optimally to
obtain different views of the tissue or structure being imaged.

Catheters other than ultrasonic imaging catheters currently exist which
have articulating tips. One typical steering mechanism for such a catheter
uses a knob which rotates about an axis perpendicular to the length of the
catheter. As the user rotates the knob clockwise or counterclockwi-se. the tip
of the catheter will articulate either up and down, or left and right. In addition
to manipulating the catheter tip with the knob, the catheter is generally
rotated within the vessel by rotating the control housing. Such rotation of the
control housing causes the knob to rotate as well as the catheter, and can

place the knob in an relatively inaccessible position for the user. Awkward
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positioning of the steering knob can make manipulating the catheter tip
difficult.

Accisano U.S. Patent No. 5,571,085 and Fleischhackor U.S. Patent
No. 5,395,329 disclose control handles for steerable catheters which utilize a
rotating collar to move a slide longitudinally in the catheter handle. Steering
lines are connected to the slide such that reciprocation of the slide steers the
distal tip of the catheter. This arrangement provides the advantage of a
steering actuator which extends around the complete circumference of the

handle and rotates about the longitudinal axis of the handle.

Summary of the Invention

The preferred embodiments described below include an ultrasonic
transducer that includes an elongated catheter having a distal end portion
and a proximal end portion, and an array of transducer elements carried by
the catheter adjacent the distal end portion. This array comprises an
azimuthal axis oriented substantially parallel to a longitudinal axis of the
catheter adjacent the distal end portion. The catheter carries first and second
sets of steering lines that are coupled to the catheter near the distal end
portion. The first set of steering lines is effective to steer the distal end
portion in a first plane, and the second set of steering lines is effective to
steer the distal end portion in a second plane, different than the first plane.

In another aspect of this invention, a steering mechanism is provided
for an ultrasonic transducer assembly of the type comprising an elongated
conduit comprising a distal end portion and a proximal end portion, a plurality
of ultrasonic transducer elements carried by the conduit adjacent the distal
end portion, and at least one steering line carried by the conduit.

The steering mechanism comprises a housing defining a fongitudinal
axis extending generally parallel to the proximal portion of the conduit, an
actuator such as a steering ring is carried by the housing for rotation about
the longitudinal axis, and a steering hub mounted for rotation in the housing
and coupled to the actuator such that rotation of the actuator with respect to
the housing about the longitudinal axis causes rotation of the steering hub.

The steering line is secured adjacent the steering hub such that rotation of

PCT/US98/01947
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the steering hub alters the effective iength of the steering line to steer the

distal end of the conduit. This aspect of the invention combines the
advantage of an actuator that rotates about the longitudinal axis of the
housing with a steering hub that is connected to the steering line and also
rotates in the housing.

According to another aspect of this invention, a steerable, catheter-
mounted ultrasonic transducer assembly is provided comprising an elongated
conduit and a plurality of transducer elements as described above. A steer-
ing mechanism is coupled to the proximal portion of the conduit, and at least
one steering line interconnects the steering mechanism and the distal end
portion of the conduit. According to this aspect of the invention, the steering
line comprises a stranded polymer such as a gel spun polyethylene. The use
of stranded polymer for the steering line provides advantages in terms of low

stretch or elongation, high tensile strength, and good wear characteristics.

Brief Description of the Drawings

Figure 1 is a perspective view of a catheter-mounted ultrasonic
transducer assembly that comprises the first preferred embodiment of this
invention.

Figure 2 is a cross-sectional view taken along line 2-2 of Figure 1.

Figure 3 is a cross-sectional view of a portion of the handie of the
embodiment of Figure 1.

Figures 4 and 5 are two exploded, perspective views of the

embodiment of Figure 1.

Figure 6 is a side view of a second preferred embodiment of this

invention.

Figure 7 is a longitudinal sectional view of a third preferred
embodiment of this invention.

Figure 8 is a longitudinal sectional view of the embodiment of Figure 7,
taken in a plane perpendicular to that of Figure 7.

Figure 9 is a perspective view in partial cutaway of a catheter mounted

transducer of a transducer assembly suitable for use with this invention.
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Figure 10 is a cross-sectional view taken along line 10-10 of Figure 9.

Detailed Description of the
Presently Preferred Embodiments

Turning now to the drawings, Figure 1 shows a side view of a
transducer assembly 10 that incorporates a preferred embodiment of this
invention. The transducer assembly 10 includes an elongated catheter 12
having a distal end 14 and a proximal end 16. A linear array of transducer
elements 20 is carried by the distal end 14 of the catheter 12. The
transducer elements 20 can be arranged in a linear or a curvilinear phased
array, depending upon the application. The portion of the catheter 12
immediately proximal to the transducer elements 20 is formed of a lower
hardness polymer enabling it to articulate or steer in any of four directions
(up/down and left/right).

The catheter 12 is mounted in a housing 22 that is connected by a
cable 24 to a medical diagnostic ultrasonic imaging system (not shown). The
housing 22 includes a steering mechanism 26 that in turn includes first and
second actuators, which in this embodiment take the form of steering rings
28,30. The first steering ring 28, when rotated, causes the distal end 14 to
move In a first plane, and the second steering ring 30, when rotated, causes
the distal end 14 to articulate in a second plane, transverse to the first plane.
As shown in Figure 1, the first and second steering rings 28,30 extend
circumferentially around the housing 22, and each pivots about an axis A
which is parallel to the centerline of the catheter 12 adjacent the proximal end
16.

Turning now to Figure 2, the catheter 12 includes a conduit 32 that
defines a central lumen 34. The central lumen 34 carries a stack of flexible
circuit strips 36, 38. The flexible circuit strips 36 carry transmit signals to the
transducer elements and receive signals from the transducer elements. The
flexible circuit strips also include ground return paths. The flexible circuit
strips 38 are provided with uninterrupted copper shields extending over their

entire width and iength in order to reduce EMI interference to and from the
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catheter 12. These shields are preferably not connected to the transducer
elements.

The conduit 32 also defines four smaller lumens 40, and each of the
lumens 40 carries a respective steering line 42. In this embodiment, the
steering lines 42 are formed in diametrically opposed pairs, and the steering
lines 42 within each pair are continuous from the steering mechanism 26 to
the proximal portion of the transducer elements 20 (Figure 1). The steering
line makes a reverse curve at this point and is secured in place to the distal
end of a short segment 21 of conduit (approximately 1.5 inches in length) that
is integral with the main conduit and is of substantially lower hardness than
the body of the catheter. As described below, by increasing tension on one
steering line while relieving tension on the diametrically opposed steering
line, this lower hardness portion will be preferentially compressed and can
bend or be steered in either of two transverse planes. As used herein, the
term “set of steering lines” means one or more steering lines.

Figure 3 shows a cross-sectional view of the steering mechanism 26.
As shown in Figure 3, the steering mechanism 26 includes a central shaft 44
that is fixed in place to the proximal portion 46 of the housing 22. This shaft
44 supports at its forward end 48 the catheter 12. The shaft 44 also supports
the first and second steering rings 28,30 for rotation about the axis A. Each
of the steering rings 28,30 defines an annular shape which is accessible
around the complete circumference of the housing 22. The first and second
steering rings 28,30 support first and second steering hubs 50,52
respectively. In this embodiment the steering hubs 50, 52 are integrally
formed with the steering rings 28,30, respectively, and rotate with them as a
unit. Each of the steering rings 28,30 also supports a pair of anchor pins 54
(Figure 5). Each anchor pin 54 is mounted for rotation in the respective
steering ring 28,30, and can be rotated with a conventional screwdriver. A
set screw 56 can be used to lock the anchor pin 54 against undesired rotation
after it has been properly adjusted (Figure 3).

Also as shown in Figure 3, the shaft 44 fixedly supports first and
second guides 58,60. Each of the guides in this embodiment is formed as a

passageway oriented longitudinally, parallel to the axis A and disposed
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6
radially outwardly from and adjacent to the respective steering hub 50,52.
Figure 3 also shows a slot 62 formed in the steering ring 28 and aligned with
the guides 60.

Other elements of the steering mechanism 26 shown in Figure 3
include a brake knob 64 which is mounted for rotation on the shaft 44.
Rotation of the brake knob 64 causes pins (not shown) mounted in the knob
to slide along a ramp washer 66. The ramp washer is pushed foMardIy
(distally) and compresses an elastomeric washer 68 against the second
steering ring 30. A collar 70 is positioned between the first and second
steering rings 28,30. When the brake knob 64 and pins are rotated in the
opposite direction, pressure is removed from the washer 68 and the collar 70,
and the steering rings 28,30 can be rotated independently of one another to
steer the catheter 12 as desired. When it is desired to lock the steering rings
28,30 in position, the brake knob 64 is rotated to press the washer 68 against
the steering ring 30. This pressure causes the steering ring 30 to press the
collar 70 against the first steering ring 28, thereby immobilizing both steering
rings 28, 30.

In Figure 3 the steering lines 44 have been deleted for clarity. Figure
4 is a partially exploded perspective view showing the manner in which the
steering lines 42 are passed from the catheter 12 via the guides 58. Two of
the steering lines 42 that are diametrically opposed in the catheter 12 pass
from the guides 58 around opposite sides of the steering hub 50 and are
anchored on the respective anchor pins 54 of the steering ring 28 (Figure 5).

As shown in Figure 5, the other two of the steering lines 42 pass from
the guides 58 through the arcuate slot 62 and the guides 60 to the second
steering hub 52. These steering lines 42 wrap around opposite sides of the
steering hub 52 and are then anchored to respective ones of the anchor pins
54 on the steering ring 30.

The steering mechanism shown in Figures 3-5 allows each
diametrically opposed pair of steering lines 42 to be controlled by a
respective one of the steering rings 28,30. When the respective steering ring
28,30 is rotated, one of the corresponding pair of steering lines 42 is

increased in effective length, and the other is decreased in effective length.



10

15

20

25

30

WO 98/33429 PCT/US98/01947

7
This causes the distal end 14 of the catheter 12 to be steered in the
respective plane. Because the steering rings 28,30 extend in an
uninterrupted fashion around the circumference of the housing 22, the
steering rings 28,30 are always accessible to the user, regardiess of the
rotational position of the housing 22. Because the steering hubs 50,52 rotate
around the same axis as the steering rings 28,30, the steering mechanism is
relatively simple in construction and operates substantially without play. As
best shown in Figure 4, indicating bumps 80 protrude from the steering rings.
When the steering rings are rotated to align the indicating bumps 80 with a
slot 82 on the housing 22, the steering mechanism is placed in a neutral
position, in which the tip is not deflected. The bumps 80 and slot 82 act as
physical markers and may be raised, lowered, or asymmetrically shaped with
respect to the adjacent surface.

During setup, the anchor pins 54 are rotated to shorten or lengthen the
respective steering lines 42. Once properly adjusted, the anchor pins 54 are
immobilized against further motion with the set screws 56 (Figure 3).

In this embodiment the steering lines 42 are preferably formed of a
flexible, substantially inextensible polymer such as gel spun polyethylene.
Such a stranded polymer is well suited for use in this application because of
its excellent flexibility, wear resistance, and resistance to stretching. Since
the steering line traverses through guides and around the steering hub, it
must be flexible. It must also have enough tensile strength to articulate the
tip without breaking. A line with low stretch prevents the steering ring from
developing excessive backlash over repeated uses. And the line must be
resistant to fraying. Stranded metallic wire and Kevlar® line have been tried
but are prone to fraying and breaking after minimal cycling.

Figure 6 shows a side view of a transducer assembly 100 which
incorporates a second preferred embodiment of this invention. The
transducer assembly 100 is essentially identical to the transducer assembly
10 described above except that only a single steering ring 102 is provided.
The transducer assembly 100 can be steered only in a single plane with the

steering ring 102, but this arrangement is suitabie for many applications.



10

15

20

25

30

WO 98/33429 PCT/US98/01947

8

Figures 7 and 8 are sectional views of a transducer assembly 200 that

incorporates a third preferred embodiment of this invention. The transducer

assembly 200 includes a catheter 202 which may be identical to the catheter

12 described above, and which houses four steering lines 204.

As best shown in Figure 7, the transducer assembly 200 includes a
housing 206 that supports two annular actuators or steering rings 208,210 for
rotation about an axis A which corresponds to the centerline of the catheter
202. Each of the steering rings 208,210 is provided with an internal helical
gear 212,214, respectively.

As shown in Figure 7, the transducer assembly 200 includes first and
second steering hubs 216,218, each mounted for rotation about a respective
axis oriented transversely to the axis A. Each steering hub 216,218 includes
a respective outer helical gear 220,222, and the gears 220,222 are in driving
engagement with the gears 212,214, respectively.

As before, the steering lines 204 are divided into two pairs, each
disposed in diametrically opposed lumens of the catheter 202. The steering
lines 204 of each pair are wrapped in opposing directions around and
anchored in place to the respective steering hub 216,218. In use, the
catheter 202 can be steered in either of two transverse planes by
appropriately rotating the steering rings 208,210. Rotation of the steering
ring 208,210 causes corresponding rotation of the respective steering hub
216,218. As before, rotation of the steering hub 216,218 increases the
effective length of one steering line and decreases the effective length of the
other steering line in the respective pair in order to steer the distal end of the
catheter 202.

Because of the mechanical advantage between the steering rings, 208
and 210, and the steering hubs 220 and 222, generated by the design of the
helical surfaces, and because of the friction between the steering rings and
the hubs, and between the steering rings and the housing 2086, the catheter
will retain its adjusted configuration, even when the operator removes his

hands from the steering rings. The retention of an adjusted configuration

without operator attention is a desirable feature of this design.
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Simply by way of example, the following materials can be used with
this invention. The steering lines 42, 204 can be formed of a stranded
polymer such as that sold under the tradename Spectra® in a thickness of
about 0.006 inch. For example the material sold by Cabella’s as
Spiderwire ™ (6# test diameter, 30# test strength) has been found suitable.
In addition, the catheter may be formed as described in U.S. patent
application Serial No. 08/791,598, and the flexible circuits of the catheter may
be fabricated as described in U.S. patent application Serial No. 08/791,601,
both assigned to the assignee of the present invention. The entire
disclosures of both of these patent applications are hereby incorporated by
reference.

Figure 9 shows a perspective view of a transducer assembly 310 as
shown and described in above-referenced U.S. patent application Serial
No. 08/791,598. The transducer assembly 310 includes a catheter 312 which
defines a distal end 314. In this embodiment the proximal end (not shown) is
spaced from the distal end by about 110 centimeters, and the catheter 312 is
circular in cross section and defines a maximum cross-sectional dimension of
about 3.3 mm.

The distal end 314 of the catheter 312 carries a linear array 316 of
transducer elements 318. The transducer elements 318 define an azimuthal
axis which is denominated the X axis in Figure 9, and is paraliel to the
longitudinal axis of the catheter 312.

As shown in Figure 10, the transducer array 316 inciudes a matching
layer 320 adjacent the active surface of the transducer elements 318, and a
backing layer 322 on the reverse side of the transducer elements 318.
Flexible circuits are disposed in a lumen defined by the catheter 312 to carry
transmit signals and receive signals between the individual transducer
elements 318 and an ultrasonic diagnostic imaging system (not shown).

As shown in Figures 9 and 10, the catheter 312 includes an end
portion 326 that is secured to the tube of the catheter 312 and surrounds the
transducer array 316. The part of the end portion 326 that overlies the active
surface of the transducer elements 318 forms an acoustic window 328.

Typically, the end portion 326 and the acoustic window 328 may be formed of
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the same material, though this is not required. In this embodiment the end
portion 326 is circular in cross section, and the radially outer surface 330 of
the acoustic window 328 defines a radius of curvature which is substantially
equal to one-half of the maximum cross-sectional dimension of the end
portion 326. Since the end portion 326 is circular in cross section in this
embodiment, the radius of curvature of the surface 330 is equal to the radius
of curvature of the remaining parts of the end portion 326. This arrangement
simplifies fabrication of the transducer assembly 310, because it eliminates
both the need for a complex shape for the window, and the need for accurate
registration between the transducer and the window.

Preferably the maximum cross-sectional dimension of the end portion
326 and the catheter 312 is less than 8 mm. This dimension is more
preferably less than 3.3 mm, and most preferably less than 2 mm.

From the foregoing, it should be apparent that several embodiments
have been described of steering mechanisms that utilize a steering ring that
rotates around the longitudinal axis of the proximal end of the catheter. In
each case the steering mechanism converts angular displacement of the
steering ring into linear displacement of the steering lines that run the fength
of the catheter from the proximal to the distal end. Because the steering
rings extend completely around the housing, they remain accessible to the
user, regardless of the rotational position of the housing. Also, an improved
material for steering lines has been disclosed which provides excellent
operating characteristics.

Of course, it should be understood that a wide range of changes and
modifications can be made to the preferred embodiments described above.
For example, the steering line of this invention may be used with any suitable
type of steering mechanism. In addition, other steering lines (stranded or
unstranded, using other materials such as metal and other polymers) are also
possible, and a steering line may be formed by joining two or more sections
of differing materials by tying or bonding. For example, a steering line can
comprise a gel spun polyethylene section jointed to a Kevlar® section, or a
gel spun polyethylene section jointed to a stranded metallic wire section.

Additionally, other gear arrangements can be used in the steering
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mechanism. It should be clearly understood that the foregoing detailed
description has described only a few of the many forms that the present
invention can take. It is only the following claims, including all equivalents,

that are intended to define the scope of this invention.
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Claims

1. An ultrasonic transducer comprising:

an elongated catheter comprising a distal end portion and a
proximal end portion;

a phased array of ultrasonic transducer elements carried by the
catheter adjacent the distal end portion, said phased array firing
asymmetrically with respect to a longitudinal axis of the catheter adjacent the
distal end portion;

a first set of steering lines carried by the catheter and coupled
to the catheter near the distal end portion, said first set of steering lines
effective to steer the distal end portion in a first plane; and

a second set of steering lines carried by the catheter and
coupled to the catheter near the distal end portion, said second set of

steering lines effective to steer the distal end in a second plane, different than

the first plane.

2. The invention of Claim 1 wherein said array comprises an
azimuthal axis oriented substantially parallel to the longitudinal axis of the

catheter adjacent the distal end portion.

3. The invention of Claim 1 wherein the first plane is substantially

transverse to the second plane.

4. The invention of Claim 1 wherein the maximum cross-sectional

dimension of the distal end portion is less than 8 mm.

5. The invention of Claim 1 wherein the maximum cross-sectional

dimension of the distal end portion is less than 3.3 mm.

6. The invention of Claim 1 wherein the maximum cross-sectional

dimension of the distal end portion is less than 2 mm.
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7. The invention of Claim 1 wherein the array comprises a phased

linear array.

8. The invention of Claim 1 wherein the array comprises a curved

linear array.

9. The invention of Claim 1 further comprising:

a housing defining a second longitudinal axis extending
generally parallel to the proximal end portion of the catheter;

an actuator mounted to the housing for rotation about the
second longitudinal axis of the housing;

a steering hub mounted for rotation in the housing and coupied
to the actuator such that rotation of the actuator with respect to the housing
about the second longitudinal axis causes rotation of the steering hub:;

said first set of steering lines secured adjacent the steering hub
such that rotation of the steering hub alters effective length of the first set of

steering lines to steer the distal end portion in the first plane.

10.  The invention of Claim 9 further comprising:

a second actuator mounted to the housing for rotation about the
second longitudinal axis of the housing;

a second steering hub mounted for rotation in the housing and
coupled to the second actuator such that rotation of the second actuator with
respect to the housing about the second longitudinal axis causes rotation of
the second steering hub;

said second set of steering lines secured adjacent the second
steering hub such that rotation of the second steering hub alters effective

length of the second set of steering lines to steer the distal end portion in the

second plane.

11. A steering mechanism for an ultrasonic transducer assembly of
the type comprising: an elongated conduit comprising a distal end portion

and a proximal end portion; a plurality of ultrasonic transducer elements
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carried by the conduit adjacent the distal end portion; and a set of steering
lines comprising a first steering line carried by the conduit; said steering
mechanism comprising:
a housing defining a longitudinal axis extending generally
parallel to the proximal portion of the conduit;

an actuator mounted to the housing for rotation about the

longitudinal axis;
a steering hub mounted for rotation in the housing and coupled
to the actuator such that rotation of the actuator with respect to the housing
about the axis causes rotation of the steering hub;
said first steering line secured adjacent the steering hub such

that rotation of the steering hub alters effective length of the first steering line

to steer the distal end.

12.  The invention of Claim 11 wherein the actuator comprises an

internal gear, and wherein the steering hub comprises a gear wheel engaged

with the internal gear.

13.  The invention of Claim 12 wherein said gear wheel is mounted
for rotation about a second axis oriented substantially transverse to the

longitudinal axis.

14.  The invention of Claim 11 wherein the steering hub rotates in

unison with the actuator about the longitudinal axis.

15.  The invention of Ciaim 11 wherein the actuator is annular in
shape, and wherein the actuator is accessible to a user around a complete

circumference of the housing.

16.  The invention of Claim 11 wherein the set of steering lines
additionally comprises a second steering line, wherein said first and second

steering lines wrap in opposite directions at least partially around the steering
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hub, and wherein said first and second steering lines are secured to the

steering hub.

17.  The invention of Claim 11 wherein internal friction between the
steering rings and the steering hubs and between the steering rings and the
housing cause the catheter to retain its adjusted configuration without

operator attention.

18 A steering mechanism for an ultrasonic transducer assembly of
the type comprising: an elongated conduit comprising a distal end portion
and a proximal end portion; a plurality of ultrasonic transducer elements
carried by the conduit adjacent the distal end portion; and a set of steering
lines comprising a first steering line carried by the conduit; said steering
mechanism comprising:

a housing defining a longitudinal axis extending generally
parallel to the proximal position of the conduit;

a steering ring mounted for rotation about the longitudinal axis,
said steering ring accessible to a user around a complete circumference of
the housing;

a steering hub carried by the steering ring for rotation about the
longitudinal axis;

a guide carried by the housing adjacent the steering hub, said
guide positioned radially outwardly of the steering hub and extending
longitudinally of the housing;

said first steering line passing through the guide and secured
adjacent the steering hub such that rotation of the steering hub alters the

effective length of the first steering line to steer the distal end.

19.  The invention of Claim 18 wherein the set of steering lines
additionally comprises a second steering line, wherein said first and second
steering lines wrap in opposite directions at least partially around the steering
hub, and wherein said first and second steering lines are secured adjacent

the steering hub.
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20. The invention of Claim 18 wherein the set of steering lines
additionally comprises a second steering line, and wherein the steering
mechanism further comprises:

a second steering ring mounted to the housing for rotation
about the longitudinal axis, said second steering ring accessible to a user
around a complete circumference of the housing;

a second steering hub carried by the second steering ring for
rotation about the longitudinal axis;

a second guide carried by the housing adjacent the second
steering hub, said second guide positioned radially outwardly of the steering
hub and extending longitudinally of the housing;

said second steering line passing through the second guide and
secured adjacent the second steering hub such that rotation of the second
steering hub alters effective length of the second steering line to steer the

distal end:

said second steering line passing through the first steering ring.

21.  The invention of Ciaim 20 further comprising a brake control
element carried by the housing and coupled to the first and second steering
rings such that rotation of the brake control element applies friction to both of
the first and second steering rings to hold the steering rings in a selected

position with respect to the housing.

22. A steering mechanism for an ultrasonic transducer assembly of
the type comprising: an elongated conduit comprising a distal end portion
and a proximal end portion; a plurality of ultrasonic transducer elements
carried by the conduit adjacent the distal end portion; and a set of steering
lines comprising a first steering line carried by the conduit; said steering
mechanism comprising:

a housing defining a longitudinal axis extending generally
parallel to the proximal portion of the conduit;
a steering ring mounted to the housing for rotation about the

longitudinal axis, said steering ring accessible to a user around a complete
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circumference of the housing, said steering ring comprising an internal gear,;

a steering hub mounted for rotation in the housing about a
second axis oriented transversely to the longitudinal axis, said steering hub
comprising a gear wheel comprising gear teeth engaged with the internal
gear such that rotation of the steering ring about the longitudinal axis causes
the steering hub to rotate about the transverse axis;

said first steering line secured adjacent the steering hub such

that rotation of the steering hub alters effective length of the first steering line

to steer the distal end.

23.  The invention of Claim 22 wherein the set of steering lines
additionally comprises a second steering line, wherein said first and second
steering lines wrap in opposite directions at least partially around the steering
hub, and wherein said first and second steering lines are secured to the

steering hub.

24.  The invention of Claim 22 wherein the set of steering lines
additionally comprises a second steering line, and wherein the steering
mechanism further comprises:

a second steering ring mounted to the housing for rotation
about the longitudinal axis, said second steering ring accessible to a user
around a complete circumference of the housing, said second steering ring
comprising a second internal gear;

a second steering hub mounted for rotation in the housing about
an additional axis oriented transversely to the longitudinal axis, said second
steering hub comprising a second gear wheel comprising gear teeth engaged
with the second internal gear such that rotation of the second steering ring
about the longitudinal axis causes the second steering hub to rotate about
the additional transverse axis;

said second steering line secured adjacent the second steering
hub such that rotation of the second steering hub alters effective length of the

second steering line to steer the distal end.
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25.  The invention of Claim 11 or 18 or 22 wherein the steering line

comprises a stranded polymer.

26. Theinvention of Claim 25 wherein the stranded polymer

comprises a geil spun polyethylene.

27.  The invention of Claim 11 further comprising a first physical
marker on the housing and a second physical marker on the actuator, said
markers positioned such that the distal end portion is in a neutral position

when the markers are aligned.

28.  Theinvention of Claim 18 or 22 further comprising a first
physical marker on the housing and a second physical marker on the steering
ring, said markers positioned such that the distal end portion is in a neutral

position when the markers are aligned.

29. In a steerable, catheter-mounted ultrasonic transducer
assembly comprising: an elongated conduit comprising a distal end portion
and a proximal end portion; a piurality of ultrasonic transducer elements
carried by the conduit adjacent the distal end portion; and a steering
mechanism coupled to the proximal end portion of the conduit; the
improvement comprising:

at least one first steering line interconnecting the steering
mechanism and the distal end portion of the conduit, said steering line

comprising a stranded polymer.

30.  Theinvention of Claim 27 wherein the stranded polymer

comprises a gel spun polyethyiene.,

31.  The invention of Claim 11 or 18 or 22 or 29 wherein the first
steering line comprises first and second sections that are joined together,

said first and second sections comprising differing materials.
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32.  The invention of Claim 31 Wwherein the first section comprises a

gel spun polyethylene and the second section comprises Keviar®.

33.  The invention of Claim 31 wherein the first section comprises a
gel spun polyethylene and the second section comprises stranded metallic

wire.
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