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CATHETER TIP DISPLACEMENT MECHANISM

Background

[0001] To more effectively use an ultra-thin catheter, it is generally necessary to steer

the catheter through bifurcating ducts and around sharp bends within lumens of a

patient's body. For many applications of a catheter that require this capability for

steering the catheter, it is necessary to provide an active tip bending mechanism

proximate to the distal tip of the catheter, to enable controlled deflection of the distal

tip in any desired direction. The conventional approach employed in catheters uses

wires for bending a segment of a metal structure at the tip of the catheter, but this

approach is considered expensive for small diameter catheters and is much too

expensive for single-use catheters that are intended to be discarded after being used

one time with a patient. Also, the wires that are employed in this conventional

approach for deflecting the distal tip at a desired angle require a relatively rigid case

for support, which limits the overall flexibility of the catheter. In addition, space

inside an ultra-thin catheter is sufficiently limited to preclude the use of tip bending

wires.

[0002] Other types of tip bending mechanisms that have been proposed employ

shape memory alloy (SMA), shape memory polymer (SMP), or electro-active

polymers (EAP) as an internal actuator to bend the distal tip. Typically, as a class of

actuators, shape memory materials formed as wire can change shape and/or length

when their temperature is changed, which is usually accomplished by heating with an

electrical current. Using a different mechanism, clcctro-activc materials change their

shape or size when stimulated directly, for example, by application of an appropriate

voltage. However, there can be problems when using these types of material

internally within an ultra-thin catheter to bend the tip, since the diameter of such a

catheter may be too small to provide sufficient bending moment. The torque needed

to bend the distal tip generally increases as the length of the moment arm decreases.

The moment arm, which is the distance from the neutral axis of the catheter to a point

where an actuator applies its force to bend the catheter, becomes very short if the



actuator is fully contained within the protective sheathing of the catheter, which is

typically less than 3 mm in diameter in ultra-thin catheters. A mechanism that relies

upon axial force within the confines of a flexible shaft of a catheter can require more

bending force or torque than can be provided by SMA, SMP, or EAP actuators using

such a short moment arm. Accordingly, there is a need for an alternative mechanism

to selectively bend the distal end of catheters, particularly of ultra-thin catheters using

such materials, which is also relatively low cost and simple, and which can provide
sufficient force to deflect a distal end of a small diameter catheter to enable steering

the catheter around corners within a body lumen or passage. It would also be
desirable to employ alternative techniques for deflecting the distal ends of a catheter

that are applicable to small diameter catheters.

Summary

[0003] Accordingly, as one solution to the problem discussed above, a catheter has
been developed having a distal tip that can be selectively deflected in a desired

direction. The catheter includes an elongate flexible shaft having a distal end (which

also corresponds to the distal tip of the catheter), a proximal end, and an outer surface.

An actuator is provided, and at least a portion of the actuator is disposed externally of

the outer surface (or sheath) of the catheter. The actuator is selectively actuatable to

provide a directed force that causes the distal tip of the catheter to deflect in the

desired direction. A source of energy is included for use in selectively actuating the

actuator to deflect the distal tip.

[0004] In one exemplary embodiment, the actuator comprises a bimorph actuator that

has two shape configurations, including a first configuration in which the bimorph
actuator is radially compact, and a second configuration in which the bimorph

actuator extends radially outwardly from the outer surface of the elongate flexible

shaft. The bimorph actuator can comprise a material such as a shape memory alloy

(SMA), a shape memory polymer (SMP), a piezo-composite, a strip formed by

bonding together two or more dissimilar materials having substantially different

coefficients of expansion, or an electro-active polymer (EAP), for example. Another

exemplary embodiment includes a balloon that is either embedded in the outer skin of

the catheter or is attached to the outer surface of the catheter, and which when

inflated, expands axially to produce a force to deflect the distal tip of the catheter.

[0005] Optionally, the catheter can include a sheath that covers the free end of the

actuator. In the second configuration, the bimorph actuator can then apply the



directed force against an interior surface of the sheath, which is configured to transfer

the force to any adjacent anatomical structure or tissue within a body of a patient, so

as to deflect the distal end of the elongate flexible shaft away from the adjacent

anatomical structure in the desired direction. The sheath provides a smooth surface

covering the actuator, which facilitates advancement and withdrawal of the catheter

through a body lumen, preventing the free end of the actuator from engaging (i.e.,

"snagging" on) tissue in a body lumen. For example, the sheath can comprise a non-

extendible balloon that is disposed around the outer surface of the elongate flexible

shaft, encompassing the actuator, but not preventing the actuator from changing shape

to extend radially outwardly, when actuated.

[0006] In another exemplary embodiment, the actuator comprises a non-extendible

balloon. Tn this embodiment, at least one lumen is included in the catheter and

extends proximally through the elongate flexible shaft. The source of energy for

selectively actuating the non-extendible balloon can include a source of a pressurized

fluid. A valve can be used for controlling the supply of the pressurized fluid to the

non-extendible balloon through the lumen, for selectively applying the force to

deflect the distal end of the elongate flexible shaft in the desired direction.

[0007] In yet another exemplary embodiment, the actuator further comprises a

deflector disposed on the outer surface of the elongate flexible shaft and enclosed by

a non-extendible balloon. The deflector initiates bending of the distal end of the

flexible elongate body in the desired direction by at least initially pushing outwardly

against an inner surface of the non-extendible balloon when the pressurized fluid is

being supplied to a volume formed between the inner surface of the non-extendible

balloon and the outer surface of the elongate flexible shaft. Optionally, the deflector

comprises a smaller balloon. A lumen can be included within the elongate flexible

shaft for conveying the pressurized fluid from the source to selectively inflate the

smaller balloon so that it extends outwardly from the outer surface of the elongate

flexible shaft to at least initially push against the inner surface of the non-extendible

balloon.

[0008] Tn still another exemplary embodiment, the actuator is attached to a non-

extendible balloon (e.g., on its inner surface) and extends in a direction generally

parallel to a longitudinal axis of the elongate flexible shaft. The non-extendible

balloon is disposed along the external surface of the elongate flexible shaft. The

actuator is then selectively energizable while the non-extendible balloon is selectively
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inflated so that the actuator is then disposed radially further away from a neutral axis

of the elongate flexible shaft. When actuated, the actuator shortens in length to apply

a force to the elongate flexible shaft through the non-extendible balloon that is

inflated; the force applied to a longer moment arm is able to readily deflect the distal

end of the elongate flexible shaft in the desired direction.

[0009] Another option than can be included on the catheter is a balloon that is

configured to expand around the outer surface of the elongate flexible shaft and

which is disposed on the external surface of the catheter, proximal of the actuator. A

lumen extending through at least a portion of the elongate flexible shaft conveys a

pressurized fluid from a pressurized fluid source to inflate the balloon so that a

diameter of the balloon increases sufficiently to contact an adjacent anatomical

structure within a body of a patient. When the balloon is thus inflated, it exerts a

force on the adjacent anatomical structure that stabilizes or anchors the catheter

relative to the adjacent anatomical structure while the distal end of the flexible

elongate body is being deflected in the desired direction.

[0010] This optional balloon to provide an anchor is also usable with a catheter that

comprises a mother scope that extends generally from the proximal end of the

catheter and which has a distal end that is disposed at an intermediate position along a

length of the catheter. A daughter scope then extends distally of the distal end of the

mother scope, to the distal end of the catheter, where the actuator is disposed to

selectively deflect the distal end of the daughter scope. As a further alternative, the

mother scope can include another actuator that is selectively coupled to the source of

energy, to selectively deflect the distal end of the mother scope.

[0011] When only a single actuator is provided, the elongate shaft can be rotated

about its longitudinal axis, to position the actuator in a desired rotational orientation

so the when selectively actuated, the actuator deflects the distal tip of the catheter in

the desired direction. As an alternative exemplary embodiment, the catheter can be

provided with a plurality of actuators that are circumferentially spaced apart around

the elongate body. One or more of the actuators can then be selectively actuated to

deflect the distal tip of the catheter in the desired direction, and this embodiment does

not require that the elongate flexible shaft be rotated to deflect the distal tip i a

specific direction.

[0012] In some cases, it may be desirable to provide apparatus for deflecting an

existing catheter. In this case, an exemplary embodiment includes a collar that is



configured to fit over the catheter and which includes one or more actuators that can

be selectively actuated to deflect the distal tip of the catheter in a desired direction.

[0013] Another aspect of the present technology is directed to a method for

selectively deflecting a distal tip of a catheter in a desired direction. The steps of the

method are generally consistent with the functions of the components of the catheter

discussed above.

[0014] This Summary has been provided to introduce a few concepts in a simplified
form that are further described in detail below in the Description. However, this

Summary is not intended to identify key or essential features of the claimed subject

matter, nor is it intended to be used as an aid in determining the scope of the claimed

subject matter.

Drawings

[0015] Various aspects and attendant advantages of one or more exemplary

embodiments and modifications thereto will become more readily appreciated as the

same becomes better understood by reference to the following detailed description,

when taken in conjunction with the accompanying drawings, wherein:

[0016] FIGURE 1 is a side elevational view of the distal end of a first exemplary

embodiment of a catheter that employs the present approach for deflecting the distal

tip of the catheter in a desired direction, showing the catheter before any deflection
has occurred;

[0017] FIGURE 2 is a side elevational view of the distal end of the embodiment of

FIGURE 1, showing a deflector balloon inflated to initiate deflection of the distal tip,

as a non-extendible balloon (or sheath) is being pressurized with a pressurized fluid;

[0018] FIGURE 3 is a side elevational view of the distal end of the embodiment of

FIGURES 1 and 2, showing the non-extendible balloon or sheath more fully

pressurized to deflect the distal tip of the catheter, and also illustrates an optional

imaging device disposed in the distal tip, in phantom view, for use in viewing a

pathway ahead of the catheter to aid a user in catheter navigation through body

lumens;

[0019] FIGURE 4 is a cross-sectional view of an exemplary embodiment of a

catheter generally like the one shown in FIGURES 1 - 3, but having a plurality

(three) of actuators, each comprising a circumferentially spaced-apart deflector and a

non-extendible balloon;



[0020] FIGURE 5 is a schematic diagram illustrating how one of the non-extendible

balloons included in the embodiment of FIGURE 4 is coupled to a pressure source

through a valve that enables pressurized fluid to be selectively applied to inflate the

non-extendible balloon;

[0021] FIGURE 6 is a side elevational view of a distal end of an exemplary

embodiment of a catheter that employs an actuator having an inner smaller balloon

that is inflated to initiate deflection of the distal tip of the catheter, and showing the

catheter before its distal tip is deflected;

[0022] FIGURE 7 is a side elevational view of the exemplary embodiment of

FIGURE 6, with the inner balloon partially inflated, to slightly deflect the distal tip of

the catheter;

[0023] FIGURE 8 is a side elevational view of the exemplary embodiment of

FIGURES 6 and 7, but showing the inner balloon substantially more inflated, to

further deflect the distal tip of the catheter;

[0024] FIGURE 9 is a side elevational view of an exemplary embodiment of a

catheter that includes a longitudinally extending actuator coupled to an externally

mounted balloon, showing the catheter before the actuator is activated to deflect the

distal tip of the catheter;

[0025] FIGURE 10 is a side elevational view of the exemplary embodiment of

FIGURE 9, after the balloon has been inflated, but before the actuator is activated;

[0026] FIGURE 11 is a side elevational view of the exemplary embodiment of

FIGURES 9 and 10, after the balloon has been inflated and the actuator has been

activated to deflect the distal tip of the catheter;

[0027] FIGURE 12 is partial view of the distal end of a catheter, showing an

alternative helical coil longitudinally extending actuator attached to a balloon in an

embodiment generally similar to that shown in FIGURES 9, 10, and 11;

[0028] FIGURE 13 is a cross-sectional view of an exemplary embodiment of a

catheter having a plurality (three) of circumferentially spaced-apart longitudinally

extending actuators;

[0029] FIGURE 14 is a schematic view illustrating the shortening of the

longitudinally extending actuator like that used in the exemplary embodiments of

FIGURES 9, 10, 11, and 13, which occurs when the actuator is activated;



[0030] FIGURE 15 is a side elevational view of yet another exemplary embodiment

of a catheter that includes a plurality of longitudinally extending actuators attached

directly to an outer surface of the catheter;

[0031] FIGURE 16 is an isometric side elevational view of an exemplary collar

having a plurality of actuators and configured to be slipped over a catheter and

employed to deflect the distal end of the catheter;

[0032] FIGURE 17 is a schematic isometric view of the exemplary collar of

FIGURE 16 being used on a catheter (shown in phantom view) to deflect the distal

tip of the catheter into a selected body lumen at a branch point;

[0033] FIGURE 18 is an isometric side elevational view of the exemplary collar of

FIGURES 16 and 17, but showing an embodiment that includes a balloon or sheath

that encompasses the actuators;

[0034] FIGURE 19 is a cross-sectional view of the exemplary embodiment of

FIGURE 18;

[0035] FIGURE 20 is a cross-sectional view of an alternative exemplary

embodiment wherein each of the plurality of actuators is enclosed within a separate

protective sheath or balloon;

[0036] FIGURE 2 1 is a plan view of an exemplary embodiment of one of the

actuators used in the embodiments that include a collar, such as is shown in

FTGURE 16;

[0037] FIGURE 22 is a plan view of an exemplary embodiment of an alternative

exemplary embodiment of an actuator;

[0038] FIGURE 23 is a schematic view of a catheter employing the collar shown in

FIGURE 16, illustrating how a balloon can be included on a catheter proximally of

the actuators and inflated to anchor the catheter in a body lumen when deflecting the

distal tip of the catheter;

[0039] FIGURE 24 is a schematic view of an exemplary catheter having a mother

scope and a daughter scope, showing how the an optional balloon on the mother

scope can be inflated to anchor it within a body lumen while the distal end of the

daughter scope is deflected by one or more actuators on a collar attached to the

daughter scope;



[0040] FIGURE 25 is a schematic view of the catheter like that shown in

FIGURE 24, but wherein the mother scope and the daughter scope each includes a

collar for providing deflection of the distal end of the mother scope and of the distal

end of the daughter scope

[0041] FIGURE 26 is a schematic view of an exemplary embodiment of a catheter

that includes a plurality of longitudinally extending balloons disposed at spaced-apart

positions around the circumference of the catheter;

[0042] FIGURE 27 illustrates the exemplary embodiment of FIGURE 26, showing

how the distal end of the catheter is deflected by selectively inflating one or more of

the longitudinally extending balloons;

[0043] FIGURE 28 is a schematic view of an exemplary embodiment of a catheter

that includes a plurality of longitudinally extending wires or strips that are attached to

the outer surface of the catheter at opposite ends and can be selectively actuated by

being heated with an electrical current to change shape;

[0044] FIGURE 29 illustrates the exemplary embodiment of FIGURE 28 after one or

more of the longitudinally extending wires or strips have been actuated and has

elongated to bow outwardly away the outer surface of the catheter into contact with

adjacent tissue, deflecting the distal end of the catheter; and

[0045] FIGURES 3OA and 3OB illustrate the outwardly extending portions of an

exemplary bimorph thermal actuator before actuation (FIGURE 30A) and after being

actuated with an electric current (FIGURE 30B), to apply a force against adjacent

tissue to deflect the distal end of the catheter.

Description

Figures and Disclosed Embodiments Are Not Limiting

[0046] Exemplary embodiments are illustrated in referenced Figures of the drawings.

It is intended that the embodiments and Figures disclosed herein are to be considered

illustrative rather than restrictive. No limitation on the scope of the technology and of

the claims that follow is to be imputed to the examples shown in the drawings and
discussed herein.

[0047] FIGURES 1, 2, and 3 illustrate a first exemplary embodiment of a catheter 30

that can be selectively bent to deflect its distal end in a desired direction. Catheter 30

includes an elongate flexible shaft 32 having a rigid distal tip 34. It will be

understood that in some embodiments, the distal tip need not be rigid, but can instead



be simply the distal portion of elongate flexible shaft 32. It is contemplated the rigid

distal tip 34 in some applications can include a scanning optical fiber (not separately

shown) for use in imaging a site within a patient's body. However, no limitations i

regard to a specific application for catheter 30 are intended.

[0048] Catheter 30 includes a non-extendible balloon (or sheath) 36 that is sealingly

affixed to the exterior surface of elongate flexible shaft 32 and extends longitudinally

between points A and B on the exterior surface. A smaller balloon 38 is also

sealingly affixed on the exterior surface of elongate flexible shaft 32, about midway

between points A and B and entirely within non-extendible balloon 36. Together,

non-extendible balloon 36 and balloon 38 comprise an actuator for selectively

deflecting distal tip 34 of catheter 30. In FIGURE 1, both non-extendible balloon 36

and balloon 38 are deflated, and elongate flexible shaft 32 remains relatively straight,

with its distal tip not deflected. In FIGURE 2, balloon 38 has been inflated

sufficiently to initiate deflection of distal tip 34 of elongate flexible shaft 32

upwardly, as shown in the Figure. Inflation of balloon 38 applies a force against the

interior surface of non-extendible balloon 36, so that the non-extendible balloon

applies tension between points A and B, which deflects the distal tip of the catheter.

In FIGURE 3, pressurized fluid has been supplied to the volume encompassed by

non-cxtcndiblc balloon 36, further deflecting distal tip 34 of elongate flexible shaft

32, in an upwardly direction, by producing more tension between points A and B on

the exterior surface of the elongate flexible shaft.

[0049] It should be apparent that the selective deflection of elongate flexible shaft 32

can occur in only in a direction that is determined by the disposition of non-

extendible balloon 36 and balloon 38 on the exterior surface of the elongate flexible

shaft. Accordingly, to deflect the distal tip of elongate flexible shaft 32 in a different

desired direction, is necessary to rotate the proximal end of catheter 30 about its

longitudinal axis until non-extendible balloon 36 and balloon 38 are disposed on the

side toward which the distal tip is to be deflected.

Optional Resonant Scanning Device Used for Imaging

[0050] Optionally, an imaging device, such as an exemplary cantilevered optical

fiber 35 may be included in distal tip 34 for use in producing an imaging scan

downstream of the distal tip. This optional imaging capability can be included in

distal tip 34 for any of the different exemplary embodiments of catheters shown in

FIGURES 1-3, 6-11, 15, and 23-29 and discussed herein. However, to simplify the



Figures for each of these exemplary embodiments, the optional imaging device is

only shown in phantom view in FIGURE 3. The backscattered light can be collected

back through the same optical fiber or using separated collection optical fibers or

detected by optical sensors located at the distal tip of the catheter. The image signal is

conveyed to the proximal end of the catheter through either optical sensor wires or the

one or more collection optical fiber.

[0051] By imaging forward of the distal tip, a practitioner can visualize the pathway

along which the catheter is to be advanced and more readily selectively deflect the

distal tip in an appropriate direction (for example, by selectively actuating a specific

actuator to deflect the distal tip). In this way, the practitioner can readily guide the

distal tip along the desired pathway within a patient's body.

[0052] To produce the image scan in this exemplary embodiment, a piezoelectric

tube actuator 37 is activated with signal supplied through electrical leads 39, which

extend to the proximal end of the flexible shaft (only a portion of the leads are shown

in FIGURE 3). At the proximal end of the flexible shaft, the electrical leads are

connected to an appropriate signal source (not shown). The piezoelectric tube

actuator is activated with the signal supplied through the electrical leads to produce a

force that moves cantilcvcrcd optical fiber 35 at a resonant (or near resonant)

frequency. The resonant behavior of the cantilevered optical fiber produces large

deflections of the distal tip of the optical fiber from small piezoelectric tube actuator

movements at the base of the cantilevered optical fiber. Light 43 emanating from the

distal tip of the cantilevered optical fiber is focused by one or more lens(es) 4 1 to

produce a large FOV scan, such as a spiral scan pattern. Linear scan patterns, and

various other space-filling scan patterns other than the spiral scan pattern, such as

raster scans and propeller scans, can alternatively be produced by properly

modulating the piezoelectric tube actuator drive signals. The light emitted from the

distal end of cantilevered optical fiber 35 passes through lens(es) 4 1 illuminates

anatomical features, branches in the body lumen, and more generally, enables

visualization of the pathway along which the elongate flexible shaft is being

advanced. To produce images that enable this visualization, backscattered light from

the pathway can be collected. This light can pass back through the same cantilevered

optical fiber, or can be collected by separate collection optical fibers, or detected by

optical sensors disposed at the distal tip of the catheter. The image signal produced

by the optical detectors is conveyed to the proximal end of the catheter through

optical sensor wires (not shown). Alternatively, the backscattered light that was



coUected by the one or more collection optical fibers can be conveyed to

corresponding optical detectors disposed at the proximal end of the catheter. The

image signal produced by the optical detectors is used to produce the corresponding

image employed for visualizing the pathway being followed by the catheter.

[0053] FIGURES 4 and 5 illustrate a variation on the exemplary embodiment shown

in FIGURES 1-3, wherein catheter 30 includes a plurality of actuators (three in this

exemplary embodiment), each actuator comprising one non-extendible balloon 36

and one balloon 38; the three actuators are disposed at circumferentially spaced-apart

positions around the exterior surface of elongate flexible shaft 32, on an outer skin 40

of catheter 30. FIGURE 4 illustrates further details of the interior of catheter 30 and

how a flow of pressurized fluid is provided to selectively actuate each actuator, for

the embodiment having the plurality of actuators, although it should be understood

that the configuration of lumens and passages used for selectively supplying

pressurized fluid to each actuator in FIGURE 4 can be employed, regardless of the

number of actuators provided. Specifically, for each actuator, a lumen 44 is provided

to convey a pressurized fluid to a radial passage 48, which conveys the pressurized

fluid into the volume encompassed by non-extendible balloon 36. Similarly, a

lumen 46 is used to convey a pressurized fluid to a radial passage 50 and the

pressurized fluid flows through this radial passage and into the volume encompassed

by balloon 38. Lumens 42 are included in catheter 30 for conveying other functional

components of the catheter (not directly related to deflecting its distal tip), such as

optical fibers or electrical leads that are respectively used to carry optical and

electrical signals to/from the distal tip.

[0054] FIGURE 5 illustrates a pressure line 52 that is coupled to the proximal end of

one of lumens 44 or 46, and a valve 54 that is selectively opened to supply

pressurized fluid from an external pressure source 56 through the pressure line to

actuate an actuator by inflating balloon 38 or non-extendible balloon 36. The

proximal end of each of lumens 44 and 46 for each actuator is coupled to a similar

pressure line and valve (but for simplicity, only one pressure line and valve are shown

in the Figure). The external pressure source can be a pressure tank that is filled with a

pressurized fluid such as air, or a compressor for compressing air, or can be a pump

for pumping a liquid under pressure, such as a saline solution, to increase the volume

of the balloon and/or the volume of the non-extendible balloon. In use, the valve on

the pressure line coupled to the proximal end of lumen 46 would first be opened to

selectively apply the pressurized fluid to balloon 38 to initiate the deflection of the



distal tip of the catheter, and once the deflection was thus initiated, the valve on the

pressure line coupled to the proximal end of lumen 44 would be opened to supply the

pressurized fluid to increase the volume encompassed by the non-extendible balloon

to complete the deflection of the distal tip in the desired direction. To achieve the

deflection in the desired direction, it may be necessary to actuate a plurality of the

actuators. For example, in regard to the disposition of the catheter shown in

FIGURE 4, the two lower actuators would be actuated to deflect the distal tip of

catheter 30 downwardly. Furthermore, the amount of pressurized fluid supplied to

one of the two actuators that is actuated can control the direction of the deflection

between the two actuators in which the distal tip is deflected.

[00551 related exemplary embodiment of a catheter 60 is shown in FIGURES 6, 7,

and 8. Again, only a single actuator comprising a non-extendible balloon 64 that is

sealingly attached to the external surface of an elongate flexible shaft 62 is illustrated

in this Figure, but it will be understood that a plurality of such actuators can be

provided at circumferentially spaced-apart locations around the elongate flexible

shaft. It should also be understood that lumen 44 in FIGURE 4 can be coupled to

pressure source 56 in FIGURE 5 and used to selectively supply pressurized fluid to

balloon 66, as discussed above. The primary difference between the exemplary

embodiment of HGURES 6, 7, and 8 and that of FIGURES 1, 2, and 3 is that in the

exemplary embodiment of FIGURES 6 7, and 8, balloon 66 is used not only to

initiate deflection of distal tip 34 of catheter 60, as shown in FTGURE 7, so that it

begins to deflect from the substantially straight configuration shown in FIGURE 6,

but in catheter 60, balloon 66 is further inflated with the pressurized fluid to apply

more force to further deflect the distal tip in the desired direction (and by the desired

amount), as shown in FIGURE 8. Indeed, a non-extendible sheath can be used

instead of non-extendible balloon 64, since it is not necessary to supply pressurized

fluid to the volume encompassed by the non-extendible balloon in the embodiment of

catheter 60. Instead, the increased volume of balloon 66 and the outwardly directed

force that it applies to the inner surface of non-extendible balloon 64 increases the

tension between points A and B to cause the desired deflection of the distal tip. In

this embodiment, lumen 44 and radially directed passage 48 can be omitted, since it is

not necessary to supply pressurized fluid to non-extendible balloon 64 from the

pressure source.

[0056] A catheter 70 illustrates a different exemplary embodiment in

FIGURES 9, 10, and 11. For simplicity, only a single actuator 76 is illustrated in



each of these Figures. Actuator 76 comprises an elongate strip of a material that

shortens in length when actuated by being heated with an electrical current supplied

through electrical leads 78. FIGURE 14 illustrates how actuator 76 shortens by ∆L

when actuated by applying an electrical current that heats the material. Suitable

materials for use as an actuator 76 include a shape memory alloy (SMA), a shape

memory polymer (SMP), and an electro-active polymer (EAP). Since the force

developed as the actuator is heated and shortens in length is not great, for a very small

diameter catheter, it may be necessary to increase the length of a moment arm (i.e.,

the radial distance from a neutral axis of the catheter) to which the force developed by

the actuator is applied. The increase in the length of the moment arm 80 is achieved

in the exemplary embodiment shown in FIGURES 9, 10, and 11, by coupling

actuator 76 to the inner surface of a balloon 74 that that is sealingly attached to and

which extends longitudinally along the exterior surface of an elongate flexible

shaft 72 of the catheter. When balloon 74 is inflated with a pressurized fluid, the

balloon extends outwardly of the exterior surface of the elongate flexible shaft,

moving the actuator radially further away from the exterior surface of the catheter and

from the neutral axis of catheter 70. The actuator can be adhesively or thermally

bonded to the balloon, at least at the opposite ends of the actuator.

[0057] FIGURE 11 shows the increase in the moment arm 80 relative to a neutral

axis 84 (which may initially coincide with the longitudinal axis of the catheter) that

results from inflating balloon 74. The increased moment arm increases a torque 82

applied to deflect distal tip 34 of catheter 70, as the shortening of the actuator creates

tension in the balloon between points A and B. Electrical leads 78 are attached to

each end of actuator 76 to apply the electrical current that heats the actuator so that it

contracts in length to develop the force applied as a torque to the elongate flexible

shaft.

[0058] FIGURE 12 illustrates an alternative embodiment of a catheter 70' (only one

side of which is shown) having balloon 74 and an actuator 76' mounted between

pads 86, which are mounted on the inside surface of balloon 74. Actuator 76' is

formed as a helical coil, for example, of the type of material used for actuator 76.

There are differences in the performance characteristics of actuator 76 and 76'. When

actuator 76 is actuated, it shortens only about 3-5% in length, whereas actuator 76'

shortens by about 30% when actuated, due to the heating caused by an electrical

current. However, actuator 76 provides a substantially greater force than actuator 76'



when actuated. Accordingly, the use of balloon 74 to increase the moment arm

length becomes even more important in catheter 70', than in catheter 70.

[0059] FTGURE 13 illustrates an embodiment of catheter 70 having a plurality of

actuators (three in this exemplary embodiment), each comprising an actuator 76

coupled to the inner surface of a balloon 74. Lumens 88 are provided within the

catheter for conveying electrical leads 78 that enter the catheter through radially

extending passages 90. The electrical leads extend through lumens 88 and beyond

the proximal end of the catheter, where they are coupled to an electrical current

source 83 (two leads used for actuating one actuator with this electrical current source

are shown in FIGURE 10). As noted above, lumens 42 are included within the

catheter, for example, for conveying optical fibers and/or electrical leads used for

other purposes, e.g., for scanning an internal site within a patient.

[0060] FIGURE 15 illustrates an exemplary embodiment of a catheter 100 having an

elongate flexible shaft 102 on which elongate actuators 104 are coupled. The

elongate actuators extend along an external surface of the elongate flexible shaft and

are circumferentially spaced-apart. Unlike the preceding embodiment shown in

FIGURES 9, 10, and 11, catheter 100 does not include a balloon that can be inflated

to increase the moment arm of the force provided by actuating actuators 104 when

heated by an electrical current, which causes the actuators to shorten in length, as

explained above hi this case, however, it is assumed that catheter 100 has a

sufficiently large diameter so that actuators 104 can provide the required force to the

external surface of the elongate flexible shaft to deflect distal tip 34 of the catheter in

a desired direction. It should be noticed that the opposite ends of elongate

actuators 104 are beveled to minimize the risk that the ends of the actuators may

"hang up" on tissue within a lumen of a patient's body when the catheter is being

advanced or withdrawn through the lumen.

[0061] FIGURES 16 and 17 illustrate an exemplary embodiment 110 intended to be

used with a conventional catheter (fitted with electrical contacts and leads to

selectively energize actuators 114). Embodiment 110 includes a collar 112 having an

internal diameter sufficiently large to snugly slide over the outer surface of a catheter

with which this embodiment is to be used, and then to be affixed at the desired

position, using an appropriate adhesive or other suitable fastening technique. It is

also contemplated that collar 112 may be removably attached to the catheter.



[0062] Collar 112 includes three actuators 114 in this exemplary embodiment, and

the actuators are circumferentially spaced-apart around the interior of the collar.

Actuators 114 are generally elongate strips of a bimorph material such as SMA, SMP,

or EAP, which has two shape configurations. For example, the SMA can be Nitinol,

which changes shape as the alloy is heated sufficiently by an electrical current to

change from its Martensitic phase to its Austenitic phase. As shown in FIGURE 16,

an actuator 114' has been actuated with an electric current and has changed from a

first shape configuration that is radially compact (like that of actuators 114) to its

second shape configuration in which the free end of the actuator extends radially

outwardly from the exterior surface of a catheter on which collar 112 has been

fastened.

[0063] Since the outwardly extending free ends of each actuator may damage

adjacent tissue within a patient's body, a soft pliable material 116, formed of a soft

plastic, for example, may optionally be fitted over the free ends of actuators 114, so

that the soft pliable material 116 contacts the tissue, instead of the end of the actuator.

[0064] FIGURE 17 schematically illustrates how embodiment 110 is used in

connection with a catheter 120, which is shown in phantom view in this Figure.

Internal electrical contacts 118 formed on the inwardly facing surface of each

actuator 114, are disposed within collar 112 so as to contact corresponding electrical

contacts 122, which are formed on the exterior surface of catheter 120. Contacts 122

are connected to electrical leads 124a, 124b, and 124c. These electrical leads extend

proximally through catheter 120 within separate lumens (not shown in this Figure)

and are connected to an external electrical current source (such as electrical current

source 83, which is shown in FIGURE 10). One or more of actuators 114 can be

selectively actuated by closing switches (not shown) to apply electrical current to

specific one or more of the actuators, causing the actuator that is thus heated by

electrical current to change to its second shape configuration (i.e., actuator 114') and

thereby apply a force against adjacent tissue to deflect the distal tip of catheter 120 in

a desired direction, as shown in FIGURE 17. in the simple example illustrated in this

Figure, catheter 120, which is fitted with embodiment 110, has been advanced

through a body lumen 128 defined by tissue 126. By selectively actuating the

actuator, actuator 114' assumes its second shape configuration, so that its outwardly

extending end 134 applies a force against adjacent tissue 126, thereby deflecting the

distal tip of catheter 120 into a lumen 132, so that the catheter can be advanced into

that lumen, instead of into a body lumen 130. The deflection of the distal tip can also



be employed to direct a scanning mechanism within the distal tip toward a desired site

within the body of a patient, enabling that site to be imaged or be diagnosed, or to

receive therapy.

[0065] FIGURES 18 and 19 illustrate a first alternative for protecting tissue from

hanging up on or being damaged by the free ends of actuators 114, particularly when

the actuated to extend really outwardly as actuator 114'. As shown in this schematic

view, catheter 120 is fitted with a sheath 136 that fully encompasses

embodiment 110, including the free ends of actuators 114. Actuator 114', which has

been actuated and extends radially outwardly applies its force to the interior surface

of sheath 136, which transfers the force to any adjacent tissue within a patient's body.

When not actuated, actuators 114 are covered by sheath 136, so that as the catheter

fitted with embodiment 110 is inserted or withdrawn through a lumen within a

patient's body, the free ends of the actuators do not unintentionally engage (or hang

up on) tissue or anatomical structures within the patient's body.

[0066] Instead of encompassing all of actuators 114 within single sheath 136, a

plurality of separate sheaths 150 can be provided, each sheath separately

encompassing only one of the actuators, as illustrated in FIGURE 20. Sheaths 136

and 150 can be formed of an clastomcric material, such as a suitable plastic or a

synthetic rubber that is biocompatible.

[0067] FIGURES 2 1 and 22 illustrate alternative configurations for the actuators

used on embodiment 110. Tn FTGURE 2 1, it will be noted that actuator 114 is shaped

much like a hairpin, with two elongate legs 114a and 114b extending generally in

parallel. Leg 114a includes an electrical contact 118a, while leg 114b includes an

electrical contact 118b. Electrical contacts 118a and 118b enable separate connection

to corresponding electrical contacts on the exterior surface of a catheter over which

collar 112 is fitted. Electrical current thus flows into one of these two legs and out of

the other through the contacts, to heat the actuator when it is selectively actuated.

[0068] FIGURE 22 illustrates an actuator 142 that is formed of a single elongate strip

of the bimorph material, but on the end attached to collar 112, actuator 142 includes

an insulator tab 153 and is enclosed in a plastic sheath 152. An electrical contact 146

is formed on the free end of the actuator and is connected to an electrical lead. 148,

which extends along the length of the actuator to connect with electrical contact 144b.

Electrical contact 144b is disposed on insulator tab 153. An electrical contact 144a is

formed on the opposite end of actuator 142 (opposite to the end at which electrical



contact 146 is disposed). When collar 112 is fitted to an appropriate catheter having

corresponding electrical contacts disposed on its exterior surface, electrical

contacts 144a and 144b mate with the electrical contacts on the catheter. When

actuator 142 is actuated, an electrical current flows through electrical contact 144a,

through the bimorph material, out electrical contact 146, through electrical lead 148,

and out through electrical contact 144b. Insulator tab 153 prevents an electrical short

circuit between electrical contacts 144a and 144b.

[0069] FIGURE 23 illustrates how a balloon 156 disposed proximal of

embodiment 110 on catheter 120 can be inflated when supplied with a pressurized

fluid through a lumen 154. Balloon 156 is inflated with the pressurized fluid within a

body lumen 159 sufficiently to contact tissue 158. The inflated balloon thus stabilizes

the catheter by anchoring it relative to the tissue, when one or more of actuators 114

are actuated (as is actuator 114' in this Figure) to deflect distal tip 34 of the catheter in

a desired direction within body lumen 159.

[0070] FIGURES 24 and 25 illustrate two related embodiments of a catheter 160 that

includes a mother scope 162, and a daughter scope 166 that extends distally of the

mother scope. The mother scope can optionally be stabilized within a body

lumen 170 defined by tissue 168, by inflating an optional balloon 164. The daughter

scope is advanced and guided into a desired body lumen 172 (rather than into a body

lumen 174, by selectively actuating actuator 114', as shown in FIGURE 24, so that

distal tip 34 is deflected as a result of the force applied by actuator 114' against

tissue 168.

[0071] The alternative exemplary embodiment of catheter 160 shown in FIGURE 25

is much the same as the embodiment shown in FIGURE 24, but in this alternative,

mother scope 162 is also fitted with an embodiment 110' that includes collar 112 and

one or more of the actuators 114 attached to the collar. In the example of this Figure,

one actuator 114' has been actuated to deflect the distal end of the mother scope by

applying a force against adjacent tissue 168. It will also be understood that the

embodiment fitted to the distal end of daughter scope 166 can optionally be omitted,

and embodiment 110' on mother scope 162 can then be used to provide deflection of

the mother scope without directly deflecting the distal end of the daughter scope.

[0072] An exemplary embodiment of a catheter 180 is illustrated in FIGURES 26

and 27. Catheter 180 is flexible, just as the other embodiments discussed above, and

includes a plurality of elongate balloons 182 (but may include only a single elongate



balloon, if less directional control is required) that are disposed at circumferentially

spaced-apart positions on the outer surface of catheter 180 and which extend along its

longitudinal axis. Alternatively, although not specifically shown, it is contemplated

that the elongate balloons 182 can instead be embedded in the outer skin or sheath of

the catheter. Lumens 184 extend to the proximal end of the catheter and each is

coupled through a valve to an external source of pressurized fluid (the valve and

external pressure source are not shown but are similar to valve 54 and pressure

source 56, shown in FIGURE 5), such as air or saline solution, which can be

selectively coupled in fluid communication to any selected one of balloons 182 by

opening the appropriate valve. Before the pressurized fluid is applied to any

balloon 182, catheter 182 will be generally straight, as shown in FIGURE 26.

However, FIGURE 27 illustrates how the distal end of catheter 180 is deflected when

pressurized fluid is selectively applied to balloon 182', causing it to expand

longitudinally and apply a force that acts like a piston to bend the distal end of

catheter 180, as shown. The same result can be obtained if balloon 182' is embedded

in the outer skin or sheath of catheter 180.

[0073] FIGURES 28 and 29 illustrate an exemplary embodiment of a catheter 190

that can include a single elongate wire or strip 192, but which is illustrated in this

embodiment, as including a plurality of elongate wires or strips 192 that arc disposed

at circumferentially spaced-apart positions on the outer surface of catheter 190.

Opposite ends of each elongate wire or strip 192 are attached with adhesive or

otherwise bonded to the outer surface of the catheter at pads 194. Electrical

leads 196a and 196b, which extend through catheter 190, are respectively electrically

connected to opposite ends of one of the elongate wire or strip, while electrical

leads 198a and 198b, which also extend through the catheter, are respectively coupled

to another of the elongate wire or strip. The other ends of the electrical leads are

connected through switches to a conventional power source (not shown in this Figure,

but similar to power source 83 in FIGURE 10), so that electrical current can be

selectively applied to heat one or more of the elongate wires or strips 192 sufficiently

to actuate the one or more elongate wires or strips, causing it to change shape. The

elongate wires or strips are each made of a material, such as an SMA alloy or an

EAP, that changes shape and/or length, when heated, or an EAP, which changes

shape of size when electrically stimulated, e.g., by application of an appropriate

electrical potential. As shown in FIGURE 28, when no electrical current (or other

stimulation) is applied, catheter 190 is straight. When an electrical current (or other



stimulation) is applied to any elongate wire or strip 192', it expands in length and

bows outwardly away from the outer surface of the catheter. This expansion in length

of elongate wire or strip 192' tends to deflect the distal tip of the catheter away from

the side of catheter 190 on which the heated elongate wire or strip is disposed and

also, can apply a force against an adjacent tissue surface 200 to further deflect the

catheter distal end, as shown in FIGURE 29.

[0074] Additional alternative exemplary embodiments for deflecting the distal end of

a catheter comprise electromechanical actuators, such as piezoelectric composites that

are used in larger-scale actuator applications, or bimorph thermal actuators, which are

more suitable for use in smaller-scale micro-electromechanical system (MEMS)

actuators. One example of a piezo-composite is available from Face International

Corporation, Norfolk, VA and comprises a thin layer uni-morph ferroelectric driver

that can produce extraordinarily large deflections in a cantilever actuator, like

actuators 114/114' shown in FIGURES 16-25. Smaller versions of this

commercially-available electromechanical actuator can thus be used as tip

displacement actuator 114 in such exemplary embodiments.

[0075] In contrast, a larger version of a MEMS bimorph thermal actuator 210 can be

used as a tip displacement actuator, as shown in FIGURES 3OA and 30B.

FIGURE 30A illustrates MEMS bimorph thermal actuator 210 before it is actuated.

This actuator comprises a layer of material 212 that is bonded to a layer of a

material 214. Materials 212 and 214 are dissimilar and have substantially different

coefficients of thermal expansion and elastic moduli. A differential expansion of

dissimilar materials 212 and 214 due to heating with an electrical current results in a

curling motion of the actuator. The differential rate of change of linear strain of

dissimilar materials 212 and 214 with temperature thus causes the deflection

illustrated for MEMS bimorph thermal actuator 2 10' in FIGURE 30B. The outwardly

extending end of the MEMS bimorph thermal actuator can apply a force against

adjacent tissue 222 to deflect the distal end of the catheter in a desired direction.

[0076] To heat the dissimilar materials during the actuation, MEMS bimorph thermal

actuator 210 includes a plurality of heating resistors 220 (comprising a material

having a desired ohmic heating characteristic), which can be disposed as third layer in

the actuator or, as shown, can be embedded i one of the layers of materials 212 and

214. Heating resistors 220 are coupled to a pair of wires or conductors 216 and 218,

which also comprise a load-bearing backbone for the actuator. Optionally, the layers



of materials 212 and 214, and conductors 216 and 218 can be extended in length to

form a longer lever arm than that shown in FIGURES 3OA and 30B. All layers

shown in FIGURES 30A and 30 have the same surface area, but optimized curling

response can be achieved by using the cross-sectional and surface areas, cantilever

geometry, and resistor values as design variables. MEMS bimorph thermal

actuator 210 can be directly connected to the outer surface of the catheter or can

extend from collar 112 (like actuators 114 in FIGURE 18) as shown in the exemplary

embodiment of FIGURES 3OA and 30B.

[0077] Although the concepts disclosed herein have been described in connection

with the preferred form of practicing them and modifications thereto, those of

ordinary skill in the art will understand that many other modifications can be made

thereto within the scope of the claims that follow. Accordingly, it is not intended that

the scope of these concepts in any way be limited by the above description, but

instead be determined entirely by reference to the claims that follow.



The invention in which an exclusive right is claimed is defined by the

following:

1. A catheter having a distal tip that can be selectively deflected in a

desired direction, comprising:

(a) an elongate flexible shaft having a distal end where the distal

tip of the catheter is disposed, a proximal end, and an outer surface;

(b) an actuator, at least a portion of which is disposed proximate

to the outer surface, and which is selectively actuatable to provide a directed force

that causes the distal end of the catheter to deflect in the desired direction; and

(c) a source of energy for selectively actuating the actuator to

deflect the distal end in the desired direction.

2. The catheter of Claim 1, wherein the actuator comprises a bimorph

actuator that has two shape configurations, including a first configuration in which the

bimorph actuator is radially compact, and a second configuration in which the

bimorph actuator extends radially outwardly from the outer surface of the elongate

flexible shaft.

3. The catheter of Claim 2, wherein the bimorph actuator comprises a

material selected from the group consisting of:

(a) a shape memory alloy;

(V) a piezo-composite;
(c) a plurality of dissimilar materials having substantially

different coefficients of thermal expansion, bonded together;

(d) a shape memory polymer; and

(e) an electro-active polymer.

4. The catheter of Claim 1, further comprising a sheath that covers the

actuator, so that in the second configuration, the bimorph actuator applies the directed

force against an interior surface of the sheath, which is configured to transfer the

force to any adjacent anatomical structure within a body of a patient, so as to deflect

the distal end of the elongate flexible shaft away from the adjacent anatomical

structure in the desired direction, the sheath providing a smooth surface to facilitate

advancement and withdrawal of the catheter through a body lumen.



5. The catheter of Claim 4, wherein the sheath comprises a non-

extendible balloon that is disposed around the outer surface of the elongate flexible

shaft, encompassing the actuator.

6. The catheter of Claim 1, wherein the actuator comprises a non-

extendible balloon, further comprising at least one lumen that extends proximally

through the elongate flexible shaft, and wherein the source of energy for selectively

actuating the non-extendible balloon comprises a source of a pressurized fluid, further

comprising a valve for selectively controlling supply of the pressurized fluid to the

non-cxtcndiblc balloon, for applying the force to deflect the distal end of the elongate

flexible shaft in the desired direction.

7. The catheter of Claim 6, wherein the actuator further comprises a

deflector disposed on the outer surface of the elongate flexible shaft and enclosed by

the balloon, the deflector initiating bending of the distal end of the elongate flexible

shaft in the desired direction by at least initially pushing outwardly against an inner

surface of the non-extendible balloon when the pressurized fluid is being applied to a

volume formed between the inner surface of the non-extendible balloon and the outer

surface of the elongate flexible shaft.

8. The catheter of Claim 7, wherein the deflector comprises a balloon

and wherein a lumen is included within the elongate flexible shaft for conveying the

pressurized fluid from the source to selectively inflate the balloon so that it extends

outwardly from the outer surface of the elongate flexible shaft to at least initially push

against the inner surface of the non-extendible balloon.

9. The catheter of Claim 6, wherein the actuator is attached to a non-

extendible balloon and extends in a direction generally parallel to a longitudinal axis

of the elongate flexible shaft, the actuator being selectively energizable while the non-

extendible balloon is selectively inflated so that the actuator is then disposed radially

further away from a neutral axis of the elongate flexible shaft, the actuator shortening

in length when actuated to apply a force to the elongate flexible shaft through the

non-extendible balloon that is inflated, the force deflecting the distal end of the

elongate flexible shaft in the desired direction.



10. The catheter of Claim 1, wherein the actuator comprises an elongate

strip of a material that changes shape when selectively actuated, the elongate strip of

material being attached to the outer surface of the elongate flexible shaft at opposite

ends and when actuated, changing shape so that portion of the elongate strip of

material disposed between the opposite ends moves outwardly away from the outer

surface of the elongate flexible shaft, causing the distal end of the elongate flexible

shaft to deflect in the desired direction.

11. The catheter of Claim 1 further comprising:

(a) a balloon that is configured to expand around the outer surface
of the elongate flexible shaft and which is disposed proximal of the actuator; and

(b) a lumen extending through at least a portion of the elongate

flexible shaft for conveying a pressurized fluid from a source to inflate the balloon so
that a diameter of the balloon increases sufficiently to contact an adjacent anatomical

structure within a body of a patient, the balloon that is thus inflated exerting a force

on the adjacent anatomical structure that stabilizes the catheter relative to the adjacent

anatomical structure while the distal end of the elongate flexible shaft is being

deflected in the desired direction.

12. The catheter of Claim 1, further comprising a mother scope that

extends generally from the proximal end of the catheter and includes a distal end that

is disposed at an intermediate position along a length of the catheter, and a daughter

scope that extends distally from the distal end of mother scope, wherein the daughter

scope includes the distal end of the elongate flexible shaft, and the actuator to

selectively deflect the distal end of the daughter scope.

13. The catheter of Claim 1, further comprising a mother scope that

extends generally from the proximal end of the catheter and includes a distal end that
is disposed at an intermediate position along a length of the catheter, and a daughter

scope that extends distally from the distal end of mother scope, wherein the mother

scope includes another actuator that is selectively coupled to the source of energy, to

selectively deflect the distal end of the mother scope.

14. The catheter of Claim 1, wherein the elongate shaft is rotatable about

its longitudinal axis, to position the actuator in a desired orientation so when

selectively actuated, the actuator deflects the distal tip of the catheter in the desired
direction.



15. The catheter of Claim 1, wherein the distal tip includes an imaging

device that produces an image used for visualizing a pathway along which the

catheter is being advanced.

16. A catheter having a distal tip that can be selectively deflected in a

desired direction, comprising:

(a) an elongate flexible shaft having a distal end where the distal

tip of the catheter is disposed, a proximal end, and an outer surface;

(b) a plurality of actuators, at least a portion of each actuator

being disposed externally of the outer surface, at circumfcrcntially spaccd-apart

positions, and being selectively actuatable to provide a directed force that causes the

distal end of the catheter to deflect in the desired direction; and

(c) a source of energy for selectively actuating one or more the

plurality of actuators to deflect the distal end in the desired direction.

17. The catheter of Claim 16, wherein each of the plurality of actuators

comprises a bimorph actuator that has two shape configurations, including a first

configuration in which the bimorph actuator is radially compact, and a second

configuration in which the bimorph actuator extends radially outwardly from the

outer surface of the elongate flexible shaft.

18. The catheter of Claim 17, wherein each bimorph actuator comprises a
material selected from the group consisting of:

(a) a shape memory alloy;

(b) a piezo-composite;

(c) a plurality of dissimilar materials having substantially

different coefficients of thermal expansion, bonded together;

(d) a shape memory polymer; and

(e) an electro-active polymer.



19. The catheter of Claim 17, further comprising a sheath that covers the

plurality of actuators, so that in the second configuration, each birnorph actuator that

is selectively activated applies the directed force against an interior surface of the

sheath, which is configured to transfer the force to any adjacent anatomical structure

within a body of a patient, so as to deflect the distal end of the elongate flexible shaft

away from the adjacent anatomical structure in the desired direction, the sheath

providing a smooth surface to facilitate advancement and withdrawal of the catheter

through a body lumen.

20. The catheter of Claim 19, wherein the sheath comprises a non-

extendible balloon that is disposed around the outer surface of the elongate flexible

shaft, encompassing the plurality of actuators.

21. The catheter of Claim 16, wherein each of the plurality of actuators

comprises a non-extendible balloon, further comprising a plurality of lumens that

extend proximally through the elongate flexible shaft, and wherein the source of

energy for selectively actuating each non-extendible balloon comprises a source of a

pressurized fluid, further comprising a valve for selectively controlling supply of the

pressurized fluid to each non-extendible balloon, for applying the force to deflect the

distal end of the elongate flexible shaft in the desired direction.

22. The catheter of Claim 21, wherein each of the plurality of actuators

further comprises a deflector disposed on the outer surface of the elongate flexible

shaft and enclosed by the balloon, the deflector initiating bending of the distal end of

the elongate flexible shaft in the desired direction by at least initially pushing

outwardly against an inner surface of the non-extendible balloon when the

pressurized fluid is being applied to a volume formed between the inner surface of the

non-extendible balloon and the outer surface of the elongate flexible shaft.

23. The catheter of Claim 22, wherein the deflector comprises a balloon

and wherein a lumen is included within the elongate flexible shaft for conveying the

pressurized fluid from the source to selectively inflate the balloon so that it extends

outwardly from the outer surface of the elongate flexible shaft to at least initially push

against the inner surface of the non-extendible balloon.



24. The catheter of Claim 16, wherein each actuator comprises an

elongate strip of a material that changes shape when selectively actuated, the elongate

strip of material being attached to the outer surface of the elongate flexible shaft at

opposite ends and when actuated, changing shape so that portion of the elongate strip

of material disposed between the opposite ends moves outwardly away from the outer

surface of the elongate flexible shaft, causing the distal end of the elongate flexible

shaft to deflect in the desired direction.

25. The catheter of Claim 21, wherein each of the plurality of actuators is

attached to a different non-cxtcndiblc balloon and extends in a direction generally

parallel to a longitudinal axis of the elongate flexible shaft, each actuator being

selectively energizable while the non-extendible balloon to which the actuator is

attached is selectively inflated so that the actuator is then disposed radially further

away from a neutral axis of the elongate flexible shaft, the actuator shortening in

length when actuated to apply a force to the elongate flexible shaft through the non-

extendible balloon that is inflated, the force deflecting the distal end of the elongate

flexible shaft in the desired direction.

26. The catheter of Claim 16, further comprising:

(a) a balloon that is configured to expand around the outer surface

of the elongate flexible shaft and is disposed proximal of the plurality of actuators;

and

(b) a lumen extending through at least a portion of the elongate

flexible shaft for conveying a pressurized fluid from a source to inflate the balloon so

that a diameter of the balloon increases sufficiently to contact an adjacent anatomical

structure within a body of a patient, the balloon that is thus inflated exerting a force

on the adjacent anatomical structure that stabilizes the catheter relative to the adjacent

anatomical structure while the distal end of the elongate flexible shaft is being

deflected in the desired direction.

27. The catheter of Claim 16, further comprising a mother scope that

extends generally from the proximal end of the catheter and includes a distal end that

is disposed at an intermediate position along the catheter, and a daughter scope that

extends distally from the distal end of mother scope, wherein the daughter scope

includes the distal end of the elongate flexible shaft, and the plurality of actuators to

selectively deflect the distal end of the daughter scope.



28. The catheter of Claim 16, further comprising a mother scope that

extends generally from the proximal end of the catheter and includes a distal end that

is disposed at an intermediate position along a length of the catheter, and a daughter

scope that extends distally from the distal end of mother scope, wherein the mother

scope includes another plurality of actuators, each of which is selectively coupled to

the source of energy, to selectively deflect the distal end of the mother scope in a

desired direction.

29. The catheter of Claim 16, wherein the distal tip includes an imaging

device for producing an image used to visualize a pathway along which the catheter is

being advanced.

30. Apparatus for controllably selectively deflecting a distal tip of a

catheter in a desired direction, comprising:

(a) a collar configured to be disposed around the outer surface of

a catheter, adjacent to a distal tip of the catheter; and

(b) a plurality of actuators disposed on the collar, each actuator of

the plurality of actuators being selectively actuatable to produce a directed force

outwardly of the collar to deflect a distal dip of a catheter in a desired direction.

31. The apparatus of Claim 30, further comprising means for selectively

actuating each actuator disposed on the collar to produce the directed force.

32. The apparatus of Claim 30, wherein each of the plurality of actuators

comprises a bimorph actuator that is selectively actuated to change between two

shape configurations, a first configuration of the bimorph actuator being substantially

more radially compact relative to the collar than a second configuration, the bimorph

actuator being thus adapted to produce the directed force when actuated to change

from the first configuration to the second configuration.



33. The apparatus of Claim 32, wherein each bimorph actuator comprises

a material selected from the group consisting of:

(a) a shape memory alloy;

(b) a piezo-composite;

(c) a plurality of dissimilar materials having substantially

different coefficients of thermal expansion, bonded together;

(d) a shape memory polymer; and

(e) an electro-active polymer.

34. The apparatus of Claim 32, further comprising a sheath that covers the

plurality of actuators, so that in the second configuration, each bimorph actuator that

is selectively activated applies the directed force against an interior surface of the

sheath, which is configured to apply the directed force to any adjacent anatomical

structure within a body of a patient, so as to deflect a distal tip of a catheter away

from the adjacent anatomical structure in the desired direction, the sheath providing a

smooth surface to facilitate advancement and withdrawal of a catheter through a body

lumen.

35. The apparatus of Claim 34, wherein the sheath comprises a non-

cxtcndiblc balloon that is disposed around the plurality of actuators.

36. The apparatus of Claim 30, further comprising electrical contacts

disposed on the collar and configured to couple to corresponding electrical contacts

on a catheter for coupling an electrical current to each of the plurality of actuators, the

electrical current being selectively applied to an actuator to actuate it.

37. The apparatus of Claim 30, further comprising a plurality of pliable

members that are each relatively substantially softer than the plurality of actuators, a

pliable member being disposed over an end of each actuator to minimize damage to

tissue against which the directed force is applied to deflect a distal tip of a catheter.



38. A method for selectively deflecting a distal tip of a catheter in a

desired direction, comprising the steps of:

(a) providing a plurality of actuators disposed at

circumferentially-spaced apart positions around an outer surface of the catheter,

wherein at least a portion of each of the plurality of actuators is disposed externally of

an outer surface of the catheter; and

(b) selectively actuating at least one of the plurality of actuators to

produce a directed force that deflects the distal tip of the catheter in the desired

direction, the directed force being developed externally of an outer surface of the

catheter.

39. The method of Claim 38, wherein the step of selectively actuating

comprises the step of applying an electrical current to a bimorph actuator comprising

each of the plurality of actuators that is to be actuated.

40. The method of Claim 39, wherein each bimorph actuator, when

actuated, changes between a first configuration and a second configuration, the

second configuration applying the directed force so as to deflect the distal tip of the

catheter.

41. The method of Claim 40, wherein the bimorph actuators bend radially

outwardly when actuated to change from the first configuration to the second

configuration.

42. The method of Claim 41, wherein when in the second configuration, /

the bimorph actuators are adapted to apply the directed force against an anatomical

structure within a body of a patient, biasing the distal tip of the catheter to generally

deflect in an opposite direction from that in which the directed force is applied.

43. The method of Claim 38, further comprising the step of encompassing

the plurality of actuators in a protective sheath that facilitates insertion and

withdrawal of the catheter through a body lumen.



44. The method of Claim 38, wherein each of the plurality of actuators

comprises a strip of an elongate strip that extends longitudinally along the catheter,

proximate to the outer surface of the catheter, the elongate strip comprising a material

that changes state when heated, and wherein the step of selectively actuating

comprises the step of selectively applying an electrical current to the at least one

actuator to cause the elongate strip to compress axially as the material from which it

is made changes from one state to another in response to heating caused by the

electrical current.

45. The method of Claim 38, further comprising the step of producing an

image of a pathway along which the catheter is being advance to assist in determining

which of the plurality of actuators to selectively actuate.



AMENDED CLAIMS
received by the International Bureau on 08 November 2007 (08.1 1.07)

In the Claims :

Please amend Claims 1, 6, 16, 30 and 38 as follows:

1. (Amended) A catheter having a distal tip that can be selectively deflected in a desired

direction, comprising:

(a) an elongate flexible shaft having a distal end where the distal tip of the catheter

is disposed, a proximal end, and an outer surface;

(b) an actuator, at least a portion of which is disposed both proximate and

externally to the outer surface prior to being selectively deflected, and which is selectively actuatable to

provide a directed force that causes the distal end of the catheter to deflect in the desired direction; and

(c) a source of energy for selectively actuating the actuator to deflect the distal end

in the desired direction.

6. (Amended) The catheter of Claim 1, wherein the actuator comprises a non-extendible

balloon, further comprising at least one lumen that extends proximally through the elongate

flexible shaft, and wherein the source of energy for selectively actuating the non-extendible

balloon comprises a source of a pressurized fluid, further comprising a valve for selectively

controlling supply of the pressurized fluid to the non-extendible balloon through the at least one

lumen , for applying the force to deflect the distal end of the elongate flexible shaft in the desired

direction.



16. (Amended) A catheter having a distal tip that can be selectively deflected in a

desired direction, comprising:

(a) an elongate flexible shaft having a distal end where the distal tip of the

catheter is disposed, a proximal end, and an outer surface;

(b) a plurality of actuators, at least a portion of each actuator being disposed

externally of the outer surface, at circumferentially spaced-apart positions prior to being

selectively deflected, and being selectively actuatable to provide a directed force that causes the

distal end of the catheter to deflect in the desired direction; and

(c) a source of energy for selectively actuating one or more the plurality of

actuators to deflect the distal end in the desired direction.

30. (Amended) Apparatus for controllably selectively deflecting a distal tip of a catheter

in a desired direction, comprising:

(a) a collar configured to be separate and distinct from the catheter and to be

disposed around the outer surface of a catheter, adjacent to a distal tip of the catheter; and

(b) a plurality of actuators configured to be separate and distinct from the

collar and disposed on the collar, each actuator of the plurality of actuators being selectively

actuatable to produce a directed force outwardly of the collar to deflect a distal dip of a catheter

in a desired direction.

38. (Amended) A method for selectively deflecting a distal tip of a catheter in a desired

direction, comprising the steps of:

(a) providing a plurality of actuators disposed at circumferentially-spaced

apart positions around an outer surface of the catheter, wherein at least a portion of each of the

plurality of actuators is disposed externally of an outer surface of the catheter prior to being

actuated ; and

(b) selectively actuating at least one of the plurality of actuators to produce a

directed force that deflects the distal tip of the catheter in the desired direction, the directed force

being developed externally of an outer surface of the catheter.

















International application No

PCT/US06/61983

A CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61 B 1/00 (2007.01 )
USPC - 600/152

According to International Patent Classification (IPC) or to both national classification and IPC

B FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A61B 1/00 (20Q7 01)
υsPC - 600/1 16,139,143,146,150,151 and 152

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

USPTO WEST System (US, USPG-PUB)

C DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim N o

U S 6,872,433 B2 (SEWARD et al) 2 9 March 2005 (29 03 2005) entire document 1-1 1, 15-26, 29-41, 43-45

12-14, 27-28, 42

US 2006/01 00480 A 1 (EWERS et al) 11 May 2006 ( 11 05 2006) entire document 12-14, 27-28, 42

US 2006/0149134 A 1 (SOPER et al) 06 July 2006 (06 07 2006) entire document 1-45

US 6,975 898 B2 (SEIBEL) 13 December 2005 (13 12 2005) entire document 1-45

I I Further documents are listed m the continuation of Box C | |

* Special catego πes of cited documents "T" later document published after the international filing date orpnority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance, the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance, the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

' O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than "&" document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

06 September 2007 tfSoc
Name and mailing address of the ISA/US

Mall Stop PCT1Attn ISA/US, Commissioner for Patents
P O Box 1450, Alexandria, Virginia 22313-1450

PCT Helpdesk 571 272 4300
Facsimile No 571-273-3201 PCT OSP S71 272-7774

Form PCT/ISA/210 (second sheet) (April 2007)


	front-page
	description
	claims
	wo-amended-claims
	drawings
	wo-search-report

