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Description

FIELD OF THE INVENTION

[0001] The presentinvention generally relates to ultra-
sound catheters. More specifically, the present invention
pertains to an ultrasound intracardiac echocardiography
(ICE) catheter with flexed steering to transmit ultrasound
and receive echo in intracardiac diagnostics.

BACKGROUND OF THE INVENTION

[0002] Diagnostic and therapeutic ultrasound cathe-
ters have been designed for use inside many areas of
the human body. In the cardiovascular system, two com-
mon diagnostic ultrasound methods are intravascular ul-
trasound (IVUS) and intracardiac echocardiography
(ICE). Typically a single rotating transducer or an array
of transducer elements is used to transmit ultrasound at
the tips of the catheters. The same transducers (or sep-
arate transducers) are used to receive echoes from the
tissue. A signal generated from the echoes is transferred
to a console which allows for the processing, storing,
display, or manipulation of the ultrasound-related data.
[0003] IVUS catheters are typically used in the large
and small blood vessels (arteries or veins) of the body,
and are almost always delivered over a guidewire having
aflexible tip. ICE catheters are usually used to image the
chambers of the heart and surrounding structures. Com-
mercially-available ICE catheters are not designed to be
delivered over a guidewire, but instead have distal ends
which can be articulated by a steering mechanism locat-
ed in a handle at the proximal end of the catheter.
[0004] One type of ICE catheter (EP Medsystems
ViewFlex™ Intracardiac Ultrasound Deflectable cathe-
ter) has a distal articulation in a single plane (both direc-
tions), operated by a single wheel that rotates about the
lengthwise axis of the handle. The wheel is turned to a
specific position for the desired catheter shape, staying
in place due to the inherent friction on the wheel mech-
anism. The catheter is torquable, and can be rotated with
the handle to aid steering in a second plane. The motions
required to simultaneously torque and rotate the catheter
often require two-handed operation.

[0005] Another type of ICE catheter (Siemens/ACU-
SON AcuNav™ Ultrasound Catheter) has an additional
steering plane, and each steering plane is utilized by turn-
ing one of two corresponding wheels on the handle.
These wheels rotate about the lengthwise axis of the han-
dle. Athird wheel, which also rotates aboutthe lengthwise
axis of the handle, is a locking mechanism for freezing
each of the two steering wheels in its respective orienta-
tion. The entire catheter need not be torqued. However,
unlocking the locking mechanism unlocks the steering
wheels for both of the steering planes/wheels at the same
time. While the physician is steering the catheter in one
plane, the orientation of the other plane may spontane-
ously change to an undesired orientation. Though the
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two steering planes allow a large combination of possible
catheter configurations, the simultaneous steering of
both planes in order to achieve a specific configuration
can be difficult to visualize and coordinate. Further the
signal lines are formed on a flex cable with a rectangular
cross-section and assembled without radial symmetry.
The flex cable runs along the length of the AcuNav™
catheter behind the ultrasound transducers, causing the
catheter to have different bending stiffness along differ-
ent bending planes of the catheter, making the catheter
more difficult to manipulate or maneuver.

[0006] Both the ViewFlex and the AcuNav catheters
utilize a linear array of multiple transducer elements, e.g.,
64 elements, at their tips. The design of the catheter re-
quires 64 channels in the ultrasound console in order to
process each element in parallel. This requires that the
catheter shaft contain at least that many conductors to
carry the signals to the proximal end. There is a limit (due
to conductor size, dielectric properties, etc.) to how small
the catheter shaft can be made using this design. For
example, the AcuNav is currently an 8 F catheter and the
ViewFlex is a 9 F catheter. In order to place these cath-
eters within the vascular system of the patient, punctures
of a diameter larger than the catheter shaft size are re-
quired. These are relatively large punctures, especially
when inserted arterially, and may take longer to close or
heal as well as have a greater number of related compli-
cations. In addition, because many of the cases per-
formed in the cardiac catheter laboratory or electrophys-
iology laboratory require multiple catheters, having a
large diameter ICE catheter can cause a "traffic jam" in-
side the anatomy. US 5,853,368 discloses an ultrasound
imaging catheter with controls for the manipulation of the
tip of the catheter. The controls are located on top of the
handle in lengthwise direction.

SUMMARY OF THE INVENTION

[0007] A hand-operated catheter assembly is useful in
a variety of applications including ICE procedures for im-
aging intracardiac and surrounding structures with a
heightened level of control and ease of use. More par-
ticularly a hand-operated ultrasound catheter assembly
is described herein that includes an elongate flexible
shaft having a proximal end and a distal end. An ultra-
sonic transducer is mounted proximate the distal end to
facilitate acquiring raw ultrasound image data. In accord-
ance with exemplary embodiments described herein the
catheter assembly also includes a handle coupled to the
shaft near the proximal end.

[0008] The handle includes a number of features for
improved, single-handed control of the position of the
ultrasonic transducer. A housing of the handle has an
elongate shape adapted for hand-held operation. The
handle also includes a first steering actuator for control-
ling a position of the ultrasonic transducer. In accordance
with illustrative embodiments, the first steering actuator
affects repositioning the ultrasonic transducer by reposi-
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tioning an exposed control surface of the first steering
actuator lengthwise along the housing of the handle. In
accordance with illustrative embodiments the handle al-
soincludes a second steering actuator for controlling the
position of the ultrasonic transducer. The second steering
actuator affects repositioning the ultrasonic transducer
by repositioning an exposed second control surface of
the second steering actuator lengthwise along the hous-
ing.

[0009] The steering actuators are used to position the
ultrasonic transducer in potentially a variety of ways. A
first way involves rotating a tip at the end of the catheter
to face the transducer in a particular direction. A second
way involves flexing a distal segment of the catheter shaft
upon which the transducer is mounted. A locking mech-
anism is also provided in accordance with particular ex-
emplary embodiments to hold the actuators in a desired
position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The various features of the present invention
and the manner of attaining them will be described in
greater detail with reference to the following description,
claims, and drawings, wherein reference numerals ap-
pear in more than one drawing, where appropriate, to
indicate a correspondence between the referenced
items, and wherein:

FIG. 1 is an illustration of an intracardiac echocardi-
ography (ICE) catheter;

FIG. 2 is an illustration of the distal end of the ICE
catheter;

FIG. 2A is a detail view of the distal end of the ICE
catheter;

FIGS. 2B and 2C are illustrations of rotational steer-
ing mode of an ICE catheter;

FIGS. 2D and 2E are illustrations of a flexing steering
mode of an ICE catheter;

FIG. 3 is a section taken along line 3 in FIG. 2;
FIG. 4 is a cross-section taken along line 4 in FIG. 2;
FIG. 5is a cross-section taken along line 5in FIG. 2;
FIG. 6 is a cross-section taken along line 6 in FIG. 2;
FIG. 7 is a cross-section taken along line 7 in FIG. 2;
FIG. 8 is a cross-section taken along line 8in FIG. 2;
FIG. 8Ais an alternative embodiment of the catheter
in FIG. 8;

FIGS. 9 and 10 illustrate a rotational steering cath-
eter being used to image structures in the heart;
FIG. 11 is an illustration of a flex circuit for use in an
ultrasound catheter;

FIG. 12 is an illustration of a transducer/circuit as-
sembly for use in a linear array ultrasound catheter;
FIG. 13 illustratively depicts the transducer/circuit
assembly of FIG. 12 in a rolled or wrapped configu-
ration;

FIG. 14 is a cross-section of the rolled transducer/cir-
cuit assembly of FIG. 13 taken along line 14;
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FIG. 15is an alternative embodiment of an ICE cath-
eter;

FIG. 16 is a cross-section of the catheter shaft of the
catheter in FIG. 15 taken along line 16;

FIG. 17 is a cross-section of an alternative shaft of
an ICE catheter;

FIG. 18 is a detailed illustration of a catheter handle;
FIG. 19 is a top view of the same catheter handle;
FIG. 20 is a cross-sectional view of the locking/un-
locking mechanism in one of the knobs of the cath-
eter handle;

FIG. 21 is a detailed internal view of a first embodi-
ment of the catheter handle for use with a catheter
having a combination of rotational steering and
flexed steering;

FIG. 22 is a detailed view of a second embodiment
of the catheter handle for use with a catheter having
two-plane flexed steering;

FIG. 23 is a detailed view of a third embodiment of
the catheter handle for use with a catheter having
two plane flex steering and showing further detail of
the locking/unlocking mechanism.

FIG. 24 and 24A is a detailed view of a clutch in
relation to the knobs.

FIG. 25 is a detailed view of a cleat or tie-off mech-
anism attached to a knob.

FIG. 26 is a detailed view of a handle with two knobs
and a clutch.

[0011] It should be understood that the sizes of the
different components in the figures may not be in propor-
tion and are shown for visual clarity and for the purpose
of explanation.

DETAILED DESCRIPTION OF THE DRAWINGS

[0012] The following embodiments are related to an
ultrasound catheter assembly 10. For the purpose of il-
lustration the ultrasound catheter assembly 10 is de-
scribed in the context of an ultrasound catheter system
for use as an intracardiac echocardiography (ICE) cath-
eter. However, other applications of the disclosed cath-
eter assembly are contemplated for alternative embodi-
ments.

[0013] FIG. 1 illustratively depicts an embodiment of
the catheter assembly 10 including a catheter shaft 12.
The catheter shaft 12 is a generally flexible elongate
member having a distal segment 14, a proximal segment
16, and at least one lumen (not shown). The proximal
segment 16 is attached to a handle 18. The handle 18
includes, by way of example, a housing 20, a first in-line
steering actuator 22 (e.g., aknob), and a second steering
actuator 24.

[0014] The first and second actuators 22 and 24 are
manipulated by a user moving an exposed control sur-
face of the actuators 22 and 24 (using a finger/thumb)
lengthwise along the length of the housing 20 of the han-
dle 18 (as opposed to across the width of the handle 18).
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As used herein the term "lengthwise along the housing"
includes the arrangement depicted in the exemplary em-
bodiments (e.g., FIGs. 18, 19 and 25) as well as other
arrangements where the movement of an exposed con-
trol surface of the actuators is primarily along the length-
wise axis of the handle 18 (e.g., tilted by 30 degrees).
"Exposed control surface" refers to a portion of the actu-
ators 22 and 24 that is physically accessible to a user’s
finger/thumb through, for example, an opening in the
housing 20. Furthermore, a variety of actuator mecha-
nisms are envisioned for actuators 22 and 24 in alterna-
tive embodiments. In the illustrative embodiment, the first
actuator 22 and second actuator 24 comprise rotatable
knobs that rotate on an axis that is transverse to the
lengthwise axis of the handle 18 when a user moves a
thumb along the handle 18’s length. In alternative em-
bodiments, thumb-controlled slider actuators replace the
rotating knobs.

[0015] The distal segment 14 is, by way of example,
10 cm long. However, an exemplary range for the length
of the distal segment 14 is from 5 cm to 20 cm. A tip of
the distal segment 14 has a generally smaller diameter
than the diameter of the proximal segment 16 of the cath-
eter shaft. The catheter shaft 12 is made, by way of ex-
ample, of engineered nylon (such as Pebax® polyether
block amide) and includes a tube or tubing, alternatively
called a catheter tube or catheter tubing that has at least
one lumen.

[0016] Intheillustrative example in FIG. 1, the first and
second steering actuators 22 and 24 are accessible
(have exposed control surfaces through the housing 20)
on two sides of the handle 18. A potential advantage of
the depicted arrangement of the steering actuators 22
and 24 is the ability of a user to control the actuators 22
and 24 with a same hand that is holding the handle 18.
A strain relief 26 protects the catheter shaft 12 at a point
where the catheter shaft proximal segment 16 meets the
handle 18. A cable 28 connects the handle 18 to a con-
nector 30. The connector 30, which can be any of many
possible configurations, is configured to interconnect
with an ultrasound system for processing, storing, ma-
nipulating, and displaying data obtained from signals
generated by a sensor mounted at the distal segment 14
of the catheter shaft 12.

[0017] FIGS. 2, 2A, 2B, and 8 illustrate a first embod-
iment of an ultrasound catheter 10 incorporating a handle
and knob-based actuator control mechanism that sup-
ports single-handed position manipulation/control by a
user of a sensor mounted at the distal segment 14 of the
catheter shaft 12. Turning to FIGs. 2 and 2A, the distal
segment 14 of the catheter shaft 12 includes a rotatable
tip 34 that extends from the distal segment 14 and rotates
relative to an axis of the catheter shaft 12. The catheter
shaft 12 has a lumen 47 as illustrated more clearly in
FIGs. 7 and 8.

[0018] Inthe illustrative embodiment depicted in FIGs.
2 and 2A the rotatable tip 34 comprises a transducer
probe assembly including transducers and a flex circuit.
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By way of example, the rotatable tip 34 comprises a lin-
early arranged transducer array 32 including a set of
transducer elements that are rectangular in shape, and
the transducer probe assembly generally has a diameter
that is smaller than the diameter of the distal segment 14
of the catheter shaft 12. Furthermore rotatable tip 34 con-
nects to a distal segment of the catheter 10 with a rotat-
ably smooth sliding contact. The rotatable tip 34 includes
a backing material 36. The rotatable tip 34 also includes
a rounded tip portion 37 (atraumatic) to reduce the inci-
dence of trauma to the human body as the tip 34 is fed
into a patient. The rounded tip portion 37 is made from
material such as a room temperature vulcanizing (RTV)
elastomer or any silicone rubber. The transducer array
32 is isolated from bodily fluids by the same materials as
utilized in the rounded tip portion 37.

[0019] The rotatable tip 34 is potentially rotatable by
manual or motorized means. The rotatable tip 34 can be
adapted to rotate in a variety of angular rotational ranges.
For example, in one embodiment the tip 34 is rotated
bidirectionally in a 360° field of view. Alternatively the tip
34 rotation is restricted to rotate bidirectionally in a limited
rotational range, e.g., clockwise or counter-clockwise by
180° in each direction. In a first embodiment, the rotating
tip 34 is rotated by manipulation of the first in-line steering
actuator 22 of the handle 18, and is capable of approxi-
mately 180° of rotation in the clockwise direction and 180°
rotation in the counter-clockwise direction.

[0020] FIGS. 2B and 2C illustrate rotational steering
affected by the actuator 22 of the catheter assembly 10.
FIG. 2Biillustrates the distal segment 14 in a central, neu-
tral, or intermediate/relaxed position in between the two
extremes of tip 34’s rotation in relation to a distal segment
termination 40 of the catheter shaft 12. In order to rota-
tionally steer the transducer array 32 to the rotated po-
sition illustrated in Fig, 2C, the first steering actuator 22,
arotating knob, is turned in a first rotational direction with
respect to the relatively fixed position of the handle 18.
The disclosed rotational steering mechanism facilitates
smooth panning movement and pinpoint accuracy in im-
aging the desired tissue with the transducer array 32. To
rotate the catheter tip 34 in the opposite direction (e.g.,
counter-clockwise), the first steering actuator 22 (e.g.,
rotating knob) is moved in an opposing second rotational
direction with respect to the handle 18.

[0021] In the illustrative embodiment depicted in FIG.
2A, the exemplary transducer array 32 is a linear array
of 64 transducer elements that are individually controlled
to fire and sense echoes in phases, but can alternatively
be any number of transducer elements, for example 16,
32, 128 or 256. Alternatively the transducer array can be
acurved array. In addition, the array can be a two-dimen-
sional array, for example, two rows of 16 elements or
four rows of 16 elements.

[0022] The transducer array illustrated in this embod-
imentis coupled to a single multiplexer chip 46 controlling
the transmission/reception of signals to/from the array
32. In an exemplary embodiment a multiplexer effectively
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reduces the number of wires passing through the majority
of the length of the catheter shaft 12 by one half the trans-
ducer signal wires; for example, processing the signals
received on 64 transducer elements with 32 electrical
conduits instead of 64. In yet other exemplary multiplex-
ers, further reduction is achieved by a factor of four, eight,
or more. Whereas commercially-available intracardiac
echocardiography catheter shafts are typically 8 French
to 10 French in diameter, the multiplexing in the present
system provides for a catheter shaft that is 6 French or
smaller in diameter. This results in a less invasive pro-
cedure and less trauma to the patient. As a result of the
smaller diameter of the catheter shaft of the present sys-
tem, the size of the puncture in the access artery or vein
(e.g., femoral vein, femoral artery, subclavian vein, jug-
ular vein) is smaller, allowing for faster healing, fewer
complications, more space for other catheters and an
ability to perform procedures in smaller patients such as
pediatric patients.

[0023] Though the single multiplexer chip 46 is illus-
tratedin FIGs. 2B and 2C, more multiplexers can be used.
[0024] Also, the (reduction) ratio between transducer
elements and wires can be increased to further reduce
the number of wires within the catheter shaft 12, and thus
reduce the catheter diameter. Alternatively, multiplexers
are used to increase the number of transducer elements
on an 8F to 10F catheter for greater than 64 transducer
elements using 64 electrical wires. Each transducer di-
rectly connects to an electrical conductor/wire on a flex
circuit before the multiplexer. For example a 256 element
transducer array can be configured as a 1 x 256 linear
array, a 2 x 128 1.5D array or alternatively as a 16 x 16
array for 3D imaging. A catheter with an array configured
for 3D or three-dimensional imaging has the ability to be
used in 3D applications, for example to guide a "smart"
ablation or other therapeutic procedure to a specific point
or area in a 3D map. By placing in the tip 34 a tracking
device such as a wire loop or RF antenna for determining,
positioning, and tracking the position and orientation of
the catheter tip, a three dimensional map or image of the
entire area of study can be obtained. The coordinates of
the catheter tip 34 are downloaded and combined with
multiple "slices" or frames of ultrasound image data.
[0025] FIGS. 2D and 2E illustrate distal segment 14
flexing steering affected by the second actuator 24 in the
first embodiment. The catheter 12 is flexed, using the
actuator 24, from a straight configuration as illustrated in
FIG. 2D into a flexed steering configuration, as illustrated
in Fig. 2E. In addition, the catheter 12’s distal segment
14 is steerable into any number of flexed positions in
between the straight configuration of Fig. 2D and the
flexed configuration of Fig. 2E, and can even be flexed
beyond the configuration of Fig. 2E. The catheter is ca-
pable of flexing past the 90° point in each direction and
has an angular range of 0° to 150° from the straight or
neutral configuration. The second direction is similar to
what has been illustrated in FIG. 2E, and it can be ap-
preciated that it is simply the mirror image of the config-
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uration of Fig. 2E illustrated for the first direction.
[0026] To affect flexing the distal segment 14 in the
manner described above, the second steering actuator
24 (e.g., knob) is turned in a first rotational direction with
respect to the relatively fixed position handle 18. Rotating
the actuator 24 in the first direction causes afirst steering
wire 56 (see, e.g., FIG. 8) to apply tension to a steering
bulkhead 38 forcing the distal segment 14 of the catheter
shaft 12 to bend at bending joint 15 (see, FIG. 2E). In
order to flex the catheter in the opposite direction, the
second steering actuator 24 is turned in an opposing sec-
ond rotational direction with respect to the handle 18.
This causes second steering wire 58 to apply tension to
anopposite side of steering bulkhead 38, forcing the cath-
eter to bend in an opposite direction at the bending joint
15. The catheter assembly 10, by way of example, sup-
ports bidirectional flexed steering by atleast 150 degrees
in each direction from a neutral or straight catheter posi-
tion. Using the combination of these two steering modes
(rotational and flexing) is much more intuitive to the user
than a steering mechanism based solely on either rota-
tion or flexing - but not both. In an example of a method
for using the catheter assembly 10 having both rotational
and flex steering, the catheter tip 34 is first placed into a
desired location of the body, for example the right atrium
of the heart. While visualizing the catheter tip position
34, such as with ultrasound or fluoroscopy, the second
steering actuator 24 is adjusted until the catheter orien-
tation is close to the desired orientation. The first steering
actuator 22 is then adjusted so that the rotatable tip 34
points the transducer array 32 in the desired orientation
for the target image plane.

[0027] FIG. 9illustrates the rotatable catheter tip 34 in
place in a right atrium 72 of the heart. Second steering
actuator 24 has already been adjusted to orient the cath-
eter tip 34 in the correct tip flex position. As illustrated in
FIG. 9 the desired structure to be imaged, an atrial sep-
tum 74, is not being imaged by ultrasound waves 76. A
heart wall 70 is instead being imaged. By manipulating
first steering actuator 22, the rotatable tip 34 is turned so
that the ultrasound 76 impinges on the desired structure.
This is done without torquing/twisting the catheter shaft
12. In Fig. 10, the adjustment of first steering actuator 22
is complete, and the rotatable tip 34 is now in position to
image the atrial septum 74.

[0028] FIGS. 3-8 and 18-21 illustrate detailed con-
struction of the catheter assembly 10 of the first exem-
plary embodiment. FIG. 18 illustrates the handle 18 with
the catheter shaft 12 and the strain relief 26 removed to
show a proximal orifice 138. Cable wires 28 from the
connector 30 extend through a proximal orifice 138. The
catheter steering mechanisms and signal wire bundle ex-
tend through distal orifice 140.

[0029] It can be seen that the contour of the handle
facilitates one-hand use. The lower portion of the thumb
and the two smallest fingers comfortably grip the handle
18 at a grip area 142. The shape of the handle 18 and
positioning of the actuators 22 and 24 permits easy ac-



9 EP 2 001 359 B1 10

cess for the thumb on the top of the handle and either
the index or middle finger on the bottom of the handle to
manipulate either the first steering actuator 22 or the sec-
ond steering actuator 24 while maintaining hold on the
grip area 142 of the handle 18.

[0030] FIG.19 illustratively depicts a top view of the
handle in FIG. 18 to more clearly show the offset (stag-
gered) alignment of the two actuators 22 and 24 with
regard to a shared surface of the handle 18’s housing
20. With continued reference to FIG. 18, a first lock lever
134 and a second lock lever 136 protrude slightly above
the outer edges/diameters of the first steering actuator
22 and second steering actuator 24. While in the resting
locked position shown, the locking mechanisms control-
led by the levers 134 and 136 do not allow the actuators
22 and 24 to be moved, thus maintaining the catheter 10
in its desired rotational and flex state. While a user’'s
thumb manipulates one of the actuators 22 and 24, the
associated one of the lock levers 134 and 136 is held
down slightly by the thumb, releasing the corresponding
locking mechanism and allowing the actuator to be
moved (e.g., the knob rotates).

[0031] It can be seen from FIG. 18 that the contours
of the actuators 22 and 24 and lock levers 134 and 136
are configured so that it takes a small amount of force to
hold the lock levers 134 and 136 down, and the thumb
slides easily over the lock lever 134 and 136’s surface
while moving the corresponding actuator 22 or 24. After
the actuator 22 or 24 is moved to the desired position
and the thumb is taken off the lock lever 134 or 136, the
corresponding lock automatically engages the actuator
22 or 24, holding the actuator 22 or 24 in the desired
position until the next time it is to be moved.

[0032] FIG. 20 illustrates an exemplary configuration
for the locking mechanism on the actuator 22 (taken
along section line 20 in FIG. 19), though other configu-
rations such as a clutch (see, e.g., FIGs. 24 and 24A
described herein below) are contemplated in alternative
embodiments. The first lock lever 134 is attached at one
end to the handle 18 and has a free floating lock lever
end 158 at the other end. The first lock lever 134 has a
flexible portion 148, made, for example from a flexible
polymer that is within its elastic limit over the flexible
locked/unlocked displacement range used in the locking
mechanism. Exemplary polymers include polycar-
bonate, acetal (such as Delrin® acetal resin), or any hard
- yet flexible - plastic.

[0033] FIG. 20 illustrates the lock 134 in an unlocked
position in the handle 18. Note an upper thumb surface
150 and a lower finger surface 152. The first lock lever
134 contains lock teeth 144, which, when in the unlocked
position, are not engaged with steering knob teeth 146.
In this position while the first lock lever 134 is held down
and the flexible portion 148 is flexed, the first actuator 22
is turned to the desired orientation or angular position.
When the first lock lever 134 is released, lock teeth 144
engage with steering knob teeth 146 and the first actuator
22 is locked in its angular position.
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[0034] Though the embodiment shown in FIG. 20 uti-
lizes the engagement of teeth as an actuator locking
mechanism, in an alternative embodiment the teeth lock-
ing mechanism is replaced by a friction surface on the
lock that when engaged to a surface of the actuator (e.g.
the wheel), the friction surface creates a holding force.
The friction on the steering actuator’s surface can be cre-
ated by using a rough surface, or an elastomeric material
like silicone, thermoplastic elastomers or rubbers, or a
tacky material. In addition, though a radial engagement
of the locking mechanism is shown, alternatively, the
mechanisms as described can be incorporated in the ax-
ial direction.

[0035] Alternatively, referring to FIGs. 24 and 24A, the
locking mechanism is provided by a clutch that includes
a tensioning knob 192, a friction cone 196 and the
actuators22 and 24. The tensioning knob 192 generates
alateral displacement pushing the actuator 24 into further
contact with the friction cone 196 resulting in a greater
level of resistance to rotational motion. A similar cone
(not shown) exerts resistance on the actuator 22. The
controllable additional resistance provides greater con-
trollability to hold the actuators 22 and 24 against the
restoring force presented by the steering lines that are
in tension to maintain a desired position of the transducer
probe mounted on the rotatable tip 34.

[0036] FIG. 3 illustrates an exemplary embodiment of
the rotatable tip 34. The rotatable tip 34 has a length that
typically is 10 mm, and ranges from 5 mm to 20 mm. The
exemplary transducer array 32 includes 64 transducer
elements 44 mounted on a backing material 36. Inside
the rotatable tip 34 is a stiffening member 42 proximate
to the transducer elements 44. The stiffening member 42
can be a tube or rod, or can be of noncircular cross-
section. Stiffening member 42 is made, for example, from
a stiff material, such as a metal. The stiffening member
42 is made, for example, of a radiopaque metal, such as
platinum, though stainless steel of sufficient wall thick-
ness is sufficiently radiopaque. Alternatively the trans-
ducer array 32 is large and stiff enough on its own, so
that the stiffening member is not needed.

[0037] The chip 46 is shown and provides for multi-
plexing, signal amplification or a combination of both as
described earlier. A rotation point 51 represents the por-
tion on the rotatable tip 34 that interfaces with the distal
segment termination 40 on the distal segment 14 of the
catheter shaft 12. The distal segment termination 40 is
made, for example of engineered nylon (such as Pebax®
polyether block amide). Attached to the rotatable tip in
this embodiment is a torque member 50, made of a
torquable tube, for example a braided or coil reinforced
tube. It can also be made from a co-extruded tube. This
tube can also act as electromagnetic interference (EMI)
shielding. A cable bundle 48 is shown inside the torque
member 50. The cable bundle 48 can be coaxial or simple
wire, etc. Each of the cables of the cable bundle 48 is
terminated to electrical connections 49 interfacing with
the integrated circuit chip 46.
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[0038] As FIGS. 3-8 illustrate, when the first steering
actuator 22 is moved, end piece 40, steering bulkhead
38, and catheter shaft 12 remain rotationally static, but
torque member 50, cable bundle 48, and rotatable tip 34
all rotate together to the desired angular position.
[0039] To prevent blood from entering the central lu-
men 47 of the catheter shaft 12, a seal 45 such as an O-
ring seal is placed at the rotation point 51 that allows the
rotating components to rotate but serves as a barrier for
blood to enter. In addition, a flexible sheath 41 connects
and covers the tip 34 and distal segment 14 of the cath-
eter 12 and provides for the tip 34 to rotate bidirectionally
relative to the distal segment 14 by at least 360 degrees
in each direction. In addition the sheath 41 provides a
seal for the tip and distal segment of the catheter 12 from
bodily fluids. The ends of the sheath 41 are thermally
joinedffitted to the tip 34 and distal segment 14 of the
catheter 12 to form a seal.

[0040] FIG. 21 is a detailed internal view of the first
embodiment of the catheter handle 18 for use with a cath-
eter having a combination of rotational steering and
flexed steering. FIG. 21 illustrates a gearing interface that
enables the first actuator 22 to turn torque member 50,
which turns the cable bundle 48 and the rotatable tip 34.
The lock levers and top housing half of handle 18 are not
shown in order to more clearly illustrate the gearing in-
terface.

[0041] The first actuator 22 is rotated around a first
shaft 182 causing actuator gear 164 to turn shaft gear
166. Shaft gear 166 is attached to a stiff torque shaft 168,
which torque shaft is in turn attached to the torque mem-
ber 50 in the catheter shaft 12. Alternatively, the torque
member 50 is directly attached to shaft gear 166. As il-
lustrated in FIGS. 20-21, when the first actuator 22 is
rotated in a first rotational direction 154, the stiff torque
shaft 168 is rotated clockwise. When the first actuator 22
is rotated in a second rotational direction 156, the stiff
torque shaft 168 is rotated counter-clockwise. Though a
beveled gear pairisillustrated, alternatively other gearing
mechanisms can be used, such as a worm and wheel
combination.

[0042] FIG. 8illustrates a cross section of the catheter
shaft 12 over the majority of its length. The catheter shaft
12 includes central lumen 47 containing the wire bundle
48 including individual wires (e.g., 48a and 48b) and a
shared lumen 68 through which the first steering wire 56
and the second steering wire 58 pass. Each steering wire
can alternatively be within its own sheath (not shown),
and both assemblies of wire and sheath are contained
within the shared lumen 68.

[0043] Further distal, as illustrated in FIG. 7, the cath-
eter shaft 12’s configuration at steering bulkhead 38 in-
cludes a cross section having central lumen 47, as well
as first steering lumen 64 and second steering lumen 66,
through which the first steering wire 56 and the second
steering wire 58 pass individually. In between the proxi-
mal and distal ends of the catheter 12 having exemplary
cross sectionsillustrated in FIGS. 8 and 7, the assemblies
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of wire and sheath transition from the shared lumen 68
to the separate steering lumens 64 and 66.

[0044] FIG. 6 shows the portion of the distal segment
termination 40, at which the distal ends of both of the
steering wires 56 and 58 are located. Steering wires are
alternatively called steering lines. Attached or secured
to the ends of the steering wires are a first end cap 60
and a second end cap 62. As an alternative method to
connect and attach or secure the steering wire to the
distal segment of the catheter, a single steering wire turns
around at the end piece 40, secures to the distal ends of
the steering lumens by tension and adhesive for exam-
ple, and runs continuously and bidirectionally inside the
catheter shaft 12 from a steering control actuator on the
handle 18 without using end caps 60 and 62 to accom-
plish flexed steering. This configuration can be repeated
to enable flexing in two or more directions. The end caps
60 and 62 or alternatively the continuous loop steering
wire are attached to the distal segment termination 40
using adhesive, solder, welding, brazing, swaging,
crimping, or other attachment methods. The steering
wires 56 and 58 are made, for example, of stainless steel
or nitinol, but can also be made of aramid fiber (such as
Kevlar® aramid fiber) or other high tensile types of line,
and thus, the steering wires 56 and 58 are more generally
called steering lines to include a wide variety of metal
and non-metal materials. A first clearance lumen 52 and
a second clearance lumen 54 allow the end caps 60 and
62 to fit within them, but alternatively the clearance lu-
mens 52 and 54 can be formed permanently around the
end caps. The diameter of each end cap 60 and 62 is
larger than the diameter of each steering lumen 64 and
66.

[0045] By pulling the first steering wire 56 in a proximal
direction, the end cap 60 impinges on distal segment of
the steering lumen 64 of the steering bulkhead 38, caus-
ing this side of the catheter tubing to be stressed, thus
causing the catheter shaft 12 to flex in a direction favoring
this stress. Since steering wires 56 and 58 are integrally
connected and wrap around a steering knob, when the
first steering wire 56 is pulled, the second steering wire
58 is extended on the other side of the catheter shaft 12,
resulting in a complimentary relaxation in the compliment
wire and a smooth catheter profile for flexed steering.
When second steering wire 58 is pulled instead of first
steering wire 56, the opposite occurs and the catheter
shaft flexes in the opposite direction.

[0046] In the catheter shaft as illustrated in FIGS. 3,
6-8 the cable bundle 48 that includes wires 48a and 48b
has a substantially uniform diameter and radial symmetry
in the wire bundle 48, such that the bending stiffness is
substantially uniform in any plane or surface in flexed
steering of the catheter shaft 12 in the present catheter
assembly 10. The cable bundle 48 is contained in free
form tubing that is soft and compliant to enable the cable
bundle to fit easily and symmetrically inside a lumen or
cavity. Forthe operator of the present system this uniform
bending stiffness enables easy and accurate control for
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improved manipulation or maneuverability to navigate
and orientate the transducers to an optimal position and
orientationtoimage atargetareain anintracardiac cham-
ber such as an atrial chamber.

[0047] In an alternative to the configuration of FIG. 8,
the shared lumen 68 is located more centrally in the cath-
eter shaft 12. Alternatively, the steering lumens 64 and
66 pass through the central lumen 47 of the catheter 12,
and there is no shared lumen. Returning to FIG. 21, an
exemplary arrangement is illustrated for flexed steering
of the catheter shaft 12’s distal segment 14. Second
steering actuator 24 is rotated around second shaft 184
causing first steering pulley 170 to rotate eccentrically
and second steering pulley 172 to rotate concentrically.
The knobs and steering pulleys rotate bidirectionally.
First steering line 174 is wrapped around both pulleys
170 and 172 in a switch back or "z" configuration. One
end of the steering line 174 terminates at an anchor
spring 181 that secures to the handle.

[0048] The proximal end of first steering line 174 is
secured inside the housing 20, and is attached to an an-
chor spring 181 to maintain tension. As the second steer-
ing actuator 24 is turned, the effective length of the first
steering line 174 is changed (i.e., increasing or decreas-
ing) depending on the direction the knob is turned. Dis-
tally in the handle 18, an upper distal pulley 160 and a
lower distal pulley 162 help guide the steering line 174
as it extends into the catheter shaft 12. A second steering
line is a mirrorimage of the first steering line arrangement
already described.

[0049] Asfurtherillustrated in FIG. 25, the steering line
174 alternatively wraps around a steering pulley 172 and
a cleat 173 or alternatively called a tie-off mechanism
attached to the steering pulley 172 such that steering line
174 departs from the steering pulley 172 and returns to
the distal segment 14 of the catheter 12. The cleat 173
provides for proper tension to be set and the reduction
or elimination of slack in the steering line 174.

[0050] An alternative embodiment of the catheter as-
sembly is illustrated in FIG. 8A. In contrast to FIG. 8, the
embodiment of FIG. 8A includes a torque cable 90 which
allows the conductors, shown as a flat conductor assem-
bly 92, to be located outside the torque cable 90, not
inside alumen. The torque cable 90 is made from multiple
layer multifilar coils. The advantage to this configuration
is that a cable of this type can be made to be very straight
and thus have a better fine torque response than a torque
tube configuration. In this embodiment, the flat conductor
assembly 92 can be made from a flex circuit ribbon. The
conductor assembly 92 and torque cable 90 have radial
symmetry in the catheter shaft such that this configura-
tion has the advantage of substantially uniform bending
stiffness in any bending plane in flexed steering as al-
ready described. A surrounding tube 94 is made from
shrink tubing, and holds the entire assembly together.
Another advantage to this embodiment is that the torque
cable 90 can extend further into the rotatable tip 34, to
secure it, and also allows for easier routing of the con-
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ductors at the tip 34 for electrical connection to the cable
bundle 48. Electrical connection can be achieved by mi-
cro-welding or soldering, or other known methods.
[0051] FIGS. 11-14 illustratively depict components of
an exemplary tip 34 that includes a transducer array for
use in ultrasound catheters of size 6F and smaller. FIG.
11 illustrates a flex circuit 77 component of the tip 34. In
the transducer array 32 each transducer element can be
independently programmed to fire. A substrate 82 is
made, for example, from a thin and flexible material, such
as polyimide. Some examples of polyimide are Kapton®
polyimide or Upilex-S® polyimide. The substrate can also
serve as an ultrasonic matching layer. Conductive trac-
ings 78 and 80 create multiple conductors on the sub-
strate 82 whichis a part of the flex circuit. Each conductive
tracing provides a single electrical conduit for each trans-
ducer.

[0052] In FIG. 12, transducer elements are attached
to the flex circuit 77. In one method of fabrication, a pie-
zoelectric material block is attached, and then kerfs are
made with, for example, a dicing saw, to create the indi-
vidual transducer elements. One or more integrated cir-
cuit or chip 46 is connected to the conductive tracings 78
and 80. In a specific configuration as illustrated in FIG.
12 the chip 46 is connected between the two groups of
conductive tracings 78 and 80. In addition other devices
such as a wire loop or RF antenna 35 (see, e.g., FIG. 3)
in the tip 34 is connected to conductive tracings 78 and
80 via terminals 79. Terminals 49 allow electrical con-
nection of the aforementioned conductive tracings 78 and
80 to the cable bundle 48. An example of a flex circuit
that includes terminals 79 but no integrated circuit is il-
lustrated in FIG. 12.

[0053] In FIGS. 13 and 14 (see also FIG. 3), the as-
sembly of FIG. 12 is rolled into a rolled transducer as-
sembly 84 having a D-shaped cross-section 86 and a
seam 88. A distal segment of the flex circuit is rolled over
a stiffening member 42 (see, FIG. 3) that is proximate to
and extends alongside the array of transducers. The
backing material 36 is injected inside the rolled transduc-
er assembly 84. An additional matching layer can be
formed over the assembly to provide better acoustic
matching between the transducer piezoelectric material
and the target tissue as well as the transmission medium.
For example, RTV silicone is one such material that can
be used. In one embodiment the D-shape cross section
allows the linear layout of the transducer elements and
uniform wall thickness of the matching layer due to the
flat top for even and controlled focusing. The tip 34 has
a proximal portion which has a rounded shape and en-
capsulates the proximal portion of the flex circuit.
[0054] Exemplary transducers for ICE have a typical
thickness of approximately 0.28 mm in the piezoelectric
material to enable an 8 MHz ultrasound signal to be gen-
erated and transmitted at a typical velocity of 1500 m/sec
through blood. The transducer thickness can be of vari-
ous thicknesses ranging approximately from 0.56 mm to
0.19 mm to generate sufficient penetration depthintissue
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imaging. In general, the thickness of the transducers can
be adjusted for the frequency of sound in the transmission
medium for the desired penetration depth in any tissue
imaging. Image intensity can be adjusted by driving volt-
age on the transducers.

[0055] FIGS. 15-16 illustrate an alternative embodi-
ment of the catheter assembly 10. Ultrasound catheter
110 includes a catheter shaft 112 and a distal segment
114 having a non-rotating tip 117. Non-rotating tip 117
has a structure similar to the rotatable tip 34 but differs
in its connection with the distal segment of the catheter.
Non-rotating tip 117 connects integrally to the distal seg-
ment 114 of the catheter shaft 112 and does not rotate
relative to the catheter shaft 112. FIG. 16 illustrates two
orthogonally arranged planar steering controls. First
plane steering lines 119 and 121 and second plane steer-
ing lines 123 and 125 pass through four steering lumens
in shaft 129.

[0056] In an exemplary embodiment, a two-material
shaft is provided to overcome stiffness of a high lubricity
material. The shaft 129 is extruded so that each lumen
has a lumen liner 127 consisting of a material that is dif-
ferent from the material of the shaft 129. The material of
the lumen liners is a high lubricity material that allows the
steering lines to move axially with minimal frictional re-
sistance. If the entire shaft were to be extruded from the
material used in the lumen liners, the high stiffness of the
lubricious material used would cause the shaft to be dan-
gerously inflexible. By using an extrusion method that
only incorporates this lubricious material into the lumen
liners, the rest of the shaft can be made from a sufficiently
flexible material to optimize catheter shaft flexibility, ease
of use and safety in the patient.

[0057] FIG. 17 shows an alternative tubing extrusion
thatincludes embedded conductors 131 within the tubing
wall and extending the length of the tubing. By packaging
the conductors in this manner, the wall thickness of the
tubing can be increased for strength. At the distal end of
the tubing the conductors are well placed for making elec-
trical terminations and further connections to the conduc-
tive tracings of the flex circuit. As shown, a flat ribbon of
several conductors can be used. In FIG. 17, four groups
of eight wire ribbons are illustrated.

[0058] FIG. 22 illustrates an alternative embodiment
of the handle 18 for use with the catheter embodiment
of FIGS. 15-17. Second steering actuator 24 works in the
same manner as that of FIG. 21. Instead of the gearing
mechanism in first steering actuator 22, the embodiment
of FIG. 22 contains the same mechanism in both actua-
tors for flexed steering in two different, orthogonal, planes
or surfaces. One actuator operates the catheter flexing
in a first plane and the other knob operates the catheter
flexing in a second plane. First steering actuator 22 op-
erates third steering pulley 178 and fourth steering pulley
180, and its own steering lines (not shown).

[0059] FIG. 23 illustrates a similar embodiment to that
of FIG. 22. In place of the two smaller pulleys in each
steering knob, each steering knob instead rotates first
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and second large pulleys 186 and 188. For each plane,
a single steering line is used from the distal end in one
lumen, then proximally and around the large pulley, and
then distally again, terminating at the distal end of the
other lumen. The grooves of each pulley are coated with
alow lubricity, high friction material, such as silicone elas-
tomer, such that no slippage occurs on the steering line.
Alternatively, the steering line is permanently attached
to the pulley instead of being frictionally coupled. In this
embodiment and all of the other embodiments using
steering wire or steering line, tensioners (not shown) con-
sisting of secondary pulleys spring loaded on an arm,
can be used to minimize line slack.

[0060] In a third embodiment of the present system a
three-way steering catheter is made that combines the
two orthogonally arranged flexed steering of FIGS. 15-17
with the rotational steering associated with Figs. 1-14.
The three steering modes in this case, for example, are
flexed steering left-to-right, flexed steering anterior-to-
posterior, and tip rotation. An embodiment of the three
plane steering catheter includes the configuration as al-
ready described in FIGS. 15-17 and adding a torque
member connected to the rotating tip 14 on the distal side
and to a third shaft gear assembly on the handle.
[0061] FIGS. 24, 24A and 26 illustrate a clutch mech-
anism facilitated by the interaction of the following com-
ponents: a tensioning knob 192, a cam 194 (or screw),
actuator 24, a thrust washer 186 and a friction cone 196
(not shown in FIG 24). Actuators 22 and 24 each are fit
with friction cones (only friction cone 196 for actuator 24
is shown in the illustrative example in FIG. 24A). The
thrust washer 186 acts as an interface between the cam
194 and the actuator 22. Rotating the tensioning knob
192 in a first direction results in the application of lateral
displacement to actuators 22 and 24 which, in turn, in-
creases the amount of contact area between the actua-
tors 22 and 24 and friction cones (e.g. cone 196 for ac-
tuator 24). The increase in the contact area between the
actuators and their corresponding friction cones results
in increased resistance to rotational motion of the actu-
ators -- which in turn results in increased resistance to
the restoring force presented by the steering lines that
are in tension. The clutch mechanism acts to create a
slight and variable hold of a control actuator such as ac-
tuators 22 and 24 such that an ideal position can be
achieved by the clinician. By use of this variable resist-
ance functionality the clinician can find the ideal position
to do his procedure and increase the resistance to motion
by further tightening the tensioning and thereby holding
its set position. The resistance to movement functionality
is achieved by three basic components: the friction cone
196 thatis anchored to the handle 18; actuators 22 and/or
24 thathave surfaces which match the angle of the friction
cones and are free to turn as well as move slightly axially
onto and off of the friction cone 196; and the cam 194 (or
screw) that generates the side load and lateral motion of
the actuators 22 and 24 onto the friction cones such as
cone 196.
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[0062] FIG. 26 provides an exemplary exterior view of
the handle 18 including the tensioning knob 192 for ap-
plying a varying degree of resistance to movement of the
actuators 22 and 24. Placing the tensioning knob 192 on
a side of the handle 18 facilitates single-handed opera-
tion of the catheter assembly 10 via the exposed control
surfaces of the actuators 22 and 24 and the tensioning
knob 192. In alternative embodiments, the tensioning
knob 192 comprises a slider external control surface that
provides a variable amount of resistance to movement
of the actuators 22 and 24 by moving the slider within a
sliding range along the side of the housing 20 of the han-
dle 18.

[0063] Anyofthe handle designs can be combined with
methods for determining exactly the tip configuration of
the catheter. For example, magnetic tape with circumfer-
ential position coordinates is attached to each of the two
steering knobs. A multiplicative factor is included in these
coordinates that transforms the circumferential displace-
ment of the knob to either the angular displacement of
the tip flex or the angular displacement of the rotatable
tip rotation. A reusable magnetic reader is plugged in to
the handle and the position or angular data is retrieved
by the ultrasound system, or by a co-registration system
coupled to the ultrasound system.

[0064] It is also within the scope of the disclosed ex-
emplary embodiments to incorporate the improvements
described into other types of ultrasound catheters, such
as for example IVUS catheters. RF backscatter based
tissue characterization is used in IVUS to determine
plaque type (fibrous, fibro-lipidic, calcified, necrotic, etc.).
This type of analysis is also known as Virtual Histology.
Using this imaging technique with myocardial tissue in-
stead of atherosclerotic plaque, different types of myo-
cardial tissue can be identified, including for example,
healthy myocardium, dead myocardium, or diseased my-
ocardium. Also, ablated and non-ablated tissue can be
identified, such as the tissue in the pulmonary veins or
other cardiac tissue. RF backscatter tissue characteriza-
tion can also be used to more correctly identify the extent
of calcification on diseased heart valves.

[0065] An alternative steerable catheter utilizes a
backbone of two-way shape memory. Current is selec-
tively sent through different sections of a two-way shape
memory metal lattice structure, causing phase change
due to differential heating. For example, when current is
sent through nodes on one side, the distal segment 14
of the catheter shaft 12 bends in a first direction. When
current is turned off in nodes on the first side and turned
on in nodes on a second side, the tip bends in a second
direction, different from the first.

[0066] Another alternative steerable catheter utilizes
magnetic rings. The catheter has one or more magnetic
bands at the tip. When used in a laboratory equipped
with a magnetic guidance system, such as that made by
Stereotaxis, the distal segment 14 of the catheter shaft
12can be made to flex in reaction to specific magnetic
fields that are produced.
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[0067] Another alternative steerable catheter utilizes a
micromotor. Instead of the rotatable tip being rotated in
one direction or the other by turning a knob manually in
the handle, a motor in the handle 18 rotates the assembly
by pushing either a clockwise or counter-clockwise but-
ton. Alternatively, a micromotor is embedded in the tip
and when a button in the handle is pressed, the micro-
motor rotates the rotatable tip.

[0068] Another alternative steerable catheter tip utiliz-
es micromachines. An articulation or microgearing sys-
tem is constructed in the distal end of the catheter using
nanotechnology micro parts.

[0069] Another alternative steerable catheter utilizes
spinning top articulation. The distal end of the catheter
shaft 12 has two opposing spiral grooves in the wall. A
rotatable tip is attached to a push rod, not a torque mem-
ber. The rotatable tip has two tabs, one that slidably fits
into each of the grooves. When the rod is pushed, the
rotatable tip rotates to the right. When the rod is pulled,
the rotatable tip rotates to the left.

[0070] Another alternative steerable catheter utilizes
spinning top articulation combined with piezo power. A
piezoelectric material is used as a mount for a transducer
array at the tip of the catheter shaft 12. By activating the
mount with a voltage, the mount oscillates a few degrees
(for example 10 degrees), causing the transducer array
to sweep back and forth, creating a 3D image.

[0071] Another alternative steerable catheter utilizes a
superelastic material. Inside the catheter shaft 12 is a
shaped mandrel of superelastic material which has a slid-
ing stiff tube over it. When the stiff tube is pulled back,
the superelastic mandrel takes its curved shape. When
the stiff tube is advanced, the superelastic mandrel is
straightened, causing the shaft to straighten with it. The
distal end of the superelastic shaped mandrel is, by way
of example, flattened.

[0072] Another alternative steerable catheter utilizes a
hydraulic column. A polymeric catheter shaft is pre-
shaped. It contains a lumen that is filled with a material
such as a mineral or vegetable oil that is nontoxic and
can be sterilized. A pistoning mandrel is slidable within
the lumen. At the tip of the mandrel is a sealing stopper
made from, for example, a ruby or ceramic ball for ultra
low friction. As the mandrel is slid distally, the ball seal-
ably slides within the lumen, increasing the pressure of
the oil within the lumen and causing a curved tube to
straighten, as in a Bourdon tube. Pulling on the mandrel
lowers the pressure and allows the tubing to return to its
shaped configuration.

[0073] Itis to be understood that the embodiments of
the invention that have been described are merely illus-
trative of many potential applications of the disclosed de-
vice. Numerous modifications may be made to the im-
proved ultrasound catheter that facilitates one-hand
maneuvering of a steerable distal segment and tip of a
catheter assembly without departing from the scope of
the presently disclosed exemplary embodiments.
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Claims

A hand-operated ultrasound catheter assembly (10)
comprising:

an elongate flexible shaft (12) having a proximal
end (16) and a distal end (14);

an ultrasonic transducer mounted proximate the
distal end; and

a handle (18) coupled to the shaft near the prox-
imal end, the handle (18) configured for single-
handed control of a position of the ultrasonic
transducer, the handle including:

a housing (20) having an elongate shape
adapted for single-handed operation, the
housing extending along a lengthwise axis;
a first steering actuator (22) for controlling
a rotational position of a rotatable tip (34)
upon which the ultrasonic transducer is
mounted, wherein the first steering actuator
comprises a rotatable knob that rotates on
axis transverse to the lengthwise axis of the
housing (20), wherein the first steering ac-
tuator is positioned within the housing such
that control surfaces of the first steering ac-
tuator are exposed and physically accessi-
ble to a user’s finger/thumb through open-
ings on opposing sides of the housing,
wherein the first steering actuator is adapt-
ed to control the rotational position of the
rotatable tip (34) by repositioning the ex-
posed control surfaces of the first steering
actuatorlengthwise along the housing ofthe
handle, and

a second steering actuator (24) for control-
ling the position of the ultrasonic transducer
by controlling a flex of a distal segment (14)
of the shaft (12), wherein the second steer-
ing actuator comprises a rotatable knob that
rotates on axis transverse to the lengthwise
axis of the housing (20), wherein the second
steering actuator is positioned within the
housing and offset from the first steering ac-
tuator (22) along the length and width of the
housing such that control surfaces of the
second steering actuator are exposed and
physically accessible to a user’s finger/
thumb through openings on opposing sides
of the housing wherein the exposed control
surfaces of the first and second steering ac-
tuator are staggered along a shared surface
wherein the second steering actuator is
configured to affect the flexing of the distal
segment (14) of the shaft (12) by reposition-
ing the exposed control surfaces of the sec-
ond steering actuator lengthwise along the
housing.
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The hand-operated catheter assembly of claim 1 fur-
ther comprising a torque member coupled to the ro-
tatable tip (34) and configured to be controlled by
the first steering actuator (22) to affect rotation of the
rotatable tip.

The hand-operated catheter assembly of claim 2
wherein the torque member comprises a hollow in-
side through which a signal cable bundle passes.

The hand-operated catheter of claim 1, wherein the
distal segment (14) of the shaft that is subject to flex-
ing under the control of the second steering actuator
has a length between 5 cm and 20 cm.

The hand-operated catheter assembly of claim 1
wherein an actuator locking mechanism (134) holds
at least the first steering actuator at a current posi-
tion.

The hand-operated catheter assembly of claim 5
wherein the actuator locking mechanism comprises
a locking lever (134) comprising a set of teeth for
engaging a complimentary inter-locking surface on
the first steering actuator.

The hand-operated catheter assembly of claim 5
wherein the actuator locking mechanism comprises
a clutch lock configured to apply a varying degree of
resistance to a frictionally engaged movable surface
of the first steering actuator.

The hand-operated catheter assembly of claim 7
wherein a screw knob (192) disposed outside the
housing (20) is provided to adjust the varying degree
of resistance.

The hand-operated catheter assembly of claim 7
wherein a post extending from a rotating knob pro-
vides a surface for applying a lateral force for in-
creasing rotational resistance on the rotating knob.

The hand-operated catheter assembly of claim 1
wherein the exposed control surfaces of the first
steering actuator comprises a circumferential edge
of the rotatable knob.

The hand-operated catheter assembly of claim 1
wherein the second steering actuator (24) is config-
ured to apply a tension to a steering line to affect
flexing of a distal segment of the shaft.

The hand-operated catheter assembly of claim 11
wherein the second steering actuator (24) comprises
a steering pulley assembly through which the steer-
ing line passes.

The hand-operated catheter assembly of claim 11
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wherein the second steering actuator (24) comprises
a steering pulley having a cleat upon which the steer-
ing line is wound.

The hand-operated catheter of claim 11, wherein the
steeringlineresides in alumen provided with alumen
liner comprising a high lubricity material that differs
from the material of the shaft.

The hand-operated catheter assembly of claim 1
wherein the first steering actuator (22) is configured
to operate bi-directionally.

Patentanspriiche

1.

Handbetatigte Ultraschallkatheteranordnung (10),
umfassend:

eine langliche biegsame Welle (12) mit einem
proximalen Ende (16) und einem distalen Ende
(14);

einen proximal zum distalen Ende montierten
Ultraschallwandler; und

einen mit der Welle nahe dem proximalen Ende
gekoppelten Handgriff (18), wobei der Handgriff
(18) zur einhandigen Steuerung einer Position
des Ultraschallwandlers konfiguriert ist, wobei
der Handgriff umfasst:

ein Gehduse (20) mit einer langlichen Form,
die fur die einhandige Bedienung vorgese-
hen ist, wobei sich das Gehéause entlang
einer Langsachse erstreckt;

einen ersten Lenkaktuator (22) zum Steu-
ern einer Rotationsposition einer drehbaren
Spitze (34), an der der Ultraschallwandler
montiert ist, wobei der erste Lenkaktuator
einen Drehknopf umfasst, der sich auf einer
Achse quer zur Langsachse des Gehauses
(20) dreht, wobei der erste Lenkaktuator
derartig innerhalb des Gehauses positio-
niertist, dass Steuerungsflachen des ersten
Lenkaktuators freiliegen und durch Offnun-
gen angegeniberliegenden Seiten des Ge-
hauses fur den Finger/Daumen eines Be-
nutzers physikalisch zuganglich sind, wobei
der erste Lenkaktuator dafiir ausgelegt ist,
die Rotationsposition der drehbaren Spitze
(34) zu steuern, indem die freigelegten
Steuerungsflachen des ersten Lenkaktua-
tors langs entlang des Gehauses des Griffs
neu positioniert werden, und

einen zweiten Lenkaktuator (24) zum Steu-
ern der Position des Ultraschallwandlers
durch Steuern einer Biegung eines distalen
Segments (14) der Welle (12), wobei der
zweite Lenkaktuator einen Drehknopf um-
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fasst, der sich auf einer Achse quer zur
Langsachse des Gehauses (20) dreht, wo-
bei der zweite Lenkaktuator innerhalb des
Gehauses positioniert ist und von dem ers-
ten Lenkaktuator (22) entlang der Lange
und Breite des Gehauses derartig versetzt
ist, dass Steuerungsflachen des zweiten
Lenkaktuators freiliegen und durch Offnun-
genan gegeniberliegenden Seiten des Ge-
hauses fur den Finger/Daumen eines Be-
nutzers physikalisch zuganglich sind, wobei
die freiliegenden Steuerungsflachen des
ersten und des zweiten Lenkaktuators ent-
lang einer gemeinsam genutzten Flache
gestaffelt sind, wobei der zweite Lenkaktu-
ator konfiguriert ist, um die Biegung des dis-
talen Segments (14) der Welle (12) zu be-
wirken, indem die freigelegten Steuerungs-
flaichen des zweiten Lenkaktuators langs
entlang des Gehauses neu positioniert wer-
den.

Handbetétigte Katheteranordnung nach Anspruch
1, weiterhin ein Drehmomentelement umfassend,
das mit der drehbaren Spitze (34) gekoppelt ist und
konfiguriert ist, um durch den ersten Lenkaktuator
(22) gesteuert zu werden, um eine Drehung der
drehbaren Spitze zu bewirken.

Handbetétigte Katheteranordnung nach Anspruch
2, wobei das Drehmomentelement einen Hohlraum
im Inneren umfasst, durch den ein Signalkabelbiin-
del verlauft.

Handbetétigter Katheter nach Anspruch 1, wobei
das distale Segment (14) der Welle, das der Biegung
unter der Steuerung des zweiten Lenkaktuators un-
terliegt, eine Lange zwischen 5 cm und 20 cm hat.

Handbetétigte Katheteranordnung nach Anspruch
1, wobei ein Aktuatorarretiermechanismus (134)
mindestens den ersten Lenkaktuator an einer aktu-
ellen Position halt.

Handbetétigte Katheteranordnung nach Anspruch
5, wobei der Aktuatorarretiermechanismus einen
Sperrhebel (134) umfasst, der einen Satz von Zah-
nen zum Eingriff in eine komplementare Verzah-
nungsflache an dem ersten Lenkaktuator umfasst.

Handbetétigte Katheteranordnung nach Anspruch
5, wobei der Aktuatorarretiermechanismus eine
Kupplungssperre umfasst, die konfiguriert ist, um ei-
nen variierenden Widerstandsgrad gegentiber einer
reibschllssig beweglichen Flache des ersten Len-
kaktuators auszutben.

Handbetétigte Katheteranordnung nach Anspruch
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7, wobei ein auerhalb des Gehduses (20) angeord-
neter Schraubknopf (192) vorgesehen ist, um den
variierenden Widerstandsgrad anzupassen.

Handbetatigte Katheteranordnung nach Anspruch
7, wobei ein sich von einem Drehknopf aus erstre-
ckender Pfosten eine Oberflache zum Ausiiben ei-
ner lateralen Kraft zum Erhdéhen des Rotationswi-
derstands an dem Drehknopf bereitstellt.

Handbetatigte Katheteranordnung nach Anspruch
1, wobei die freiliegenden Steuerungsflachen des
ersten Lenkaktuators einen Umfangsrand des Dreh-
knopfs umfassen.

Handbetatigte Katheteranordnung nach Anspruch
1, wobei der zweite Lenkaktuator (24) konfiguriert
ist, um eine Spannung auf eine Lenkleitung auszu-
Uiben, um eine Biegung eines distales Segments der
Welle zu bewirken.

Handbetatigte Katheteranordnung nach Anspruch
11, wobei der zweite Lenkaktuator (24) eine Lenk-
rollenanordnung umfasst, durch die die Lenkleitung
verlauft.

Handbetatigte Katheteranordnung nach Anspruch
11, wobei der zweite Lenkaktuator (24) eine Lenk-
rollenanordnung mit einer Klampe umfasst, auf die
die Lenkleitung gewickelt ist.

Handbetatigter Katheter nach Anspruch 11, wobei
sich die Lenkleitung in einem Lumen befindet, das
mit einer Lumenverkleidung umfassend ein Material
mit hoher Schmierleistung versehen ist, welches
sich von dem Material der Welle unterscheidet.

Handbetatigte Katheteranordnung nach Anspruch
1, wobei der erste Lenkaktuator (22) konfiguriert ist,
um bidirektional zu arbeiten.

Revendications

1.

Ensemble de cathéter a ultrasons actionné manuel-
lement (10) comprenant :

une tige flexible allongée (12) ayant une extré-
mité proximale (16) et une extrémité distale
(14);

un transducteur ultrasonique monté a proximité
de I'extrémité distale ; et

une poignée (18) couplée a la tige vers I'extré-
mité proximale, la poignée (18) étant configurée
pour commander a une seule main une position
du transducteur ultrasonique, la poignée
incluant :

10

15

20

25

30

35

40

45

50

55

13

2,

un logement (20) ayant une forme allongée
adaptée pour un actionnement a une seule
main, le logement s’étendant le long d’un
axe longitudinal ;

un premier actionneur de direction (22) pour
commander une position rotationnelle
d’'une pointe rotative (34) sur laquelle le
transducteur est monté, dans lequel le pre-
mier actionneur de direction comprend un
bouton rotatif qui tourne sur un axe trans-
versal par rapport a I'axe longitudinal du lo-
gement (20), dans lequel le premier action-
neur de direction est positionné dans le lo-
gement de telle sorte que les surfaces de
commande du premier actionneur de direc-
tion soient exposées et accessibles physi-
quement a un doigt/ au pouce d’un utilisa-
teur par des ouvertures sur des cotés op-
posés du logement, dans lequel le premier
actionneur de direction est adapté pour
commander la position rotationnelle de la
pointe rotative (34) en repositionnant les
surfaces de commande exposées du pre-
mier actionneur de direction longitudinale-
ment le long du logement de la poignée, et
un deuxiéme actionneur de direction (24)
pour commander la position du transduc-
teur ultrasonique en commandant un cable
d’'un segmentdistal (14) delatige (12), dans
lequel le deuxiéme actionneur de direction
comprend un bouton rotatif qui tourne sur
un axe transversal par rapport a I'axe lon-
gitudinal du logement (20), dans lequel le
deuxiéme actionneur de direction est posi-
tionné dans le logement et décalé du pre-
mier actionneur de direction (22) le long de
la longueur et de la largeur du logement, de
telle sorte que les surfaces de commande
du deuxiéme actionneur de direction soient
exposées et physiquement accessibles a
un doigt/ au pouce d’un utilisateur par des
ouvertures sur des cotés opposés du loge-
ment, dans lequel les surfaces de comman-
de exposées des premier et deuxiéme ac-
tionneurs de direction sont échelonnées le
long d’'une surface commune, dans lequel
le deuxiéme actionneur de direction est
configuré pour effectuer la flexion du seg-
ment distal (14) de la tige (12) par reposi-
tionnement des surfaces de commande ex-
posées du deuxiéme actionneur de direc-
tion longitudinalement le long du logement.

Ensemble de cathéter actionné manuellement selon
la revendication 1, comprenant en outre un élément
de couple, couplé a la pointe rotative (34) et confi-
guré pour étre commandé par le premier actionneur
dedirection (22) pour effectuer larotation de la pointe
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Ensemble de cathéter actionné manuellement selon
la revendication 2, dans lequel I'élément de couple
comprend un creux a l'intérieur duquel passe un fais-
ceau de cables de signal.

Cathéter actionné manuellement selon la revendi-
cation 1, dans lequel le segment distal (14) de la tige
qui est soumis a une flexion sous la commande du
deuxiéme actionneur de direction a une longueur en-
tre 5cm et 20 cm.

Ensemble de cathéter actionné manuellement selon
la revendication 1, dans lequel un mécanisme de
verrouillage d’'un actionneur (134) maintient au
moins le premier actionneur de direction sur une po-
sition actuelle.

Ensemble de cathéter actionné manuellement selon
larevendication 5, dans lequel le mécanisme de ver-
rouillage d’un actionneur comprend un levier de ver-
rouillage (134) comprenantun jeu de dents pour met-
tre en prise une surface de verrouillage imbriqué
complémentaire sur le premier actionneur de direc-
tion.

Ensemble de cathéter actionné manuellement selon
larevendication 5, dans lequel le mécanisme de ver-
rouillage d’actionneur comprend un verrouillage
d’embrayage configuré pour appliquer un degré va-
riable de résistance a une surface mobile mise en
prise par friction du premier actionneur de direction.

Ensemble de cathéter actionné manuellement selon
larevendication 7, dans lequel un bouton vissé (192)
disposé en dehors du logement (20) est aménagé
pour ajuster le degré de résistance variable.

Ensemble de cathéter actionné manuellement selon
la revendication 7, dans lequel un montant s’éten-
dant depuis un bouton rotatif fournit une surface pour
appliquer une force latérale pour augmenter une ré-
sistance rotationnelle sur le bouton rotatif.

Ensemble de cathéter actionné manuellement selon
la revendication 1, dans lequel les surfaces de com-
mande exposées du premier actionneur de direction
comprennent un bord circonférentiel du bouton ro-
tatif.

Ensemble de cathéter actionné manuellement selon
la revendication 1, dans lequel le deuxiéme action-
neur de direction (24) est configuré pour appliquer
une tension a une ligne de direction pour affecter
une flexion d’'un segment distal de la tige.

Ensemble de cathéter actionné manuellement selon
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larevendication 11, dans lequel le deuxiéme action-
neur de direction (24) comprend un ensemble de
poulie de direction par lequel passe la ligne de di-
rection.

Ensemble de cathéter actionné manuellement selon
larevendication 11, dans lequel le deuxiéme action-
neur de direction (24) comprend une poulie de di-
rection ayantuntaquet surlequellaligne de direction
est enroulée.

Cathéter actionné manuellement selon la revendi-
cation 11, dans lequel la ligne de direction se trouve
dans une lumiére aménagée avec un revétement de
lumiére comprenant un matériau hautement lubrifié
qui differe du matériau de la tige.

Ensemble de cathéter actionné manuellement selon
larevendication 1, dans lequel le premier actionneur
de direction (22) est configuré pour fonctionner de
facon bidirectionnelle.
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