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DEVICES AND METHODS FOR OPERATING AND
CONTROLLING INTERVENTIONAL APPARATUS
FIELD OF THE INVENTION

The present invention relates generally to interventional catheters and prostheses, and
more specifically to catheters and prostheses for treatment of vascular diseases, including
coronary artery disease and peripheral vascular disease, as well as diseases of other body
lumens such as the biliary tract, fallopian tubes, urinary and digestive tracts, and other

structures.
BACKGROUND OF THE INVENTION

Balloon angioplasty and stenting are widely used in the treatment of coronary artery
disease and peripheral vascular disease. In coronary artery disease, one or more coronary
blood vessels become narrowed or closed due to the buildup of stenotic plaques on the arterial
wall. This blocks blood flow to the heart muscle, potentially causing myocardial infarction.
Such narrowing can also occur in peripheral blood vessels such as the carotids, femorals, iliacs

and other arteries, blocking blood supply to other vital tissues and organs.

Balloon angioplasty involves the use of a long flexible catheter having a balloon at its
distal tip. The catheter is inserted into a peripheral artery such as the femoral and advanced
transluminally into the diseased artery. The balloon is inflated within the narrowed portion of

the vessel, thereby expanding the vascular lumen and restoring normal blood flow.

In some cases, however, balloon angioplasty alone is inadequate to treat vascular
disease due to restenosis, the renarrowing of the artery following angioplasty. Stents have been
developed to provide an intravascular frame or scaffold to maintain patency of the vascular
lumen after it has been expanded. Stents are small tubular prostheses designed to be advanced
to the treatment site in a collapsed configuration using an elongated delivery catheter. The
stents are then expanded at the treatment site into engagement with the vessel wall to maintain

vascular patency.

Stents may be either self-expanding or balloon expandable. Self-expanding stents are
made of a shape memory material such as Nitinol and can be delivered in a compressed state
within the tip of the delivery catheter and allowed to resiliently expand upon release from the
delivery catheter. Balloon expandable stents are made of a malleable metal and are mounted to
a balloon on the delivery catheter. When positioned at the treatment site, the balloon in

inflated to expand the stent into engagement with the vessel.

Stents, however, have also suffered from the problem of restenosis. Restenosis rates

with conventional coronary stents have ranged from 30-40%. The causes of such restenosis are

1
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not fully understood. However, it is believed that restenosis may be caused in some cases by
the excessive stiffness of current stents and their inability to conform to vascular curves,
shapes, dimensional changes, and movements. This problem is particularly acute with longer
lesions, which may extend over curved and tapered sections of a vessel and may be subject to

non-uniform movements along their lengths.

The need has thus been demonstrated for highly-flexible stents that may be used to treat
long, curved, and tapered vascular regions. In co-pending U.S. Patent Application Serial No.
10/637,713, filed August 8, 2003, entitled “Apparatus and Methods for Delivery of Vascular
Prostheses (Attorney Docket No. 21629-000340), the full disclosure of which is incorporated
herein by reference, highly flexible multi-segmented stents and associated delivery devices are
disclosed that enable the treatment of long, curved or tapered vascular lesions. The disclosed
delivery devices enable the selective deployment of one or more stent segments at a treatment
site to allow the user to customize stent length in situ. Moreover, the device can be

repositioned at multiple vascular sites to deploy a plurality of stents at various lengths.

Other custom-length stents and delivery devices are described in co-pending U.S.
Patent Application Serial No. 10/624,451, filed July 21, 2003, entitled “Apparatus and
Methods for Delivery of Multiple Distributed Stents,” (Attorney Docket No. 21629-000400),
which is also incorporated herein by reference. This application describes separable stent
segments as well as continuous prosthesis structures configured as braids or coils that allow the
user to pay out a selected length of the prosthesis structure and deploy it into the vessel at one

or more treatment sites.

Variable length angioplasty devices have also been proposed. For example, U.S. Patent
No. 5,246,421 to Saab discloses angioplasty catheters having an elongated balloon and an
external sheath that is axially slidable relative to the balloon. The sheath can be retracted to
expose a selected length of the balloon for expansion at a treatment site. The catheter can then

be repositioned and another length of balloon exposed to treat one or more additional sites.

The need has thus also been demonstrated for improved ways of controlling and
providing indication of balloon and stent length in angioplasty and stenting catheters and other
devices. In co-pending U.S. Patent Application Serial No. 10/746,466, filed December 23,
2003, entitled “Devices and Methods for Controlling and Indicating the Length of an
Interventional Element,” (Attorney Docket No. 21629-002200), the full disclosure of which is
incorporated herein by reference, devices and methods are disclosed that control an
interventional element through the use of gear driven actuators, motors, and other mechanisms.

The disclosed devices provide an indication to the user of the length of an interventional
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element by the use of'sensors, detents, visual displays and other mechanisms that provide
visual, audible, and tangible indications of length to the user. The disclosed control and
indication devices preferably operate in tandem to enable highly precise adjustment of

interventional element length.

While such custom-length stents, angioplasty catheters, and controlling and indicating
devices have shown great promise, there remains a need for improved ways of controlling and

operating interventional apparatus such as angioplasty and stenting catheters.
SUMMARY OF THE INVENTION

The invention provides devices and methods for operating and controlling
interventional apparatus, primarily those apparatus used in minimally invasive surgical
procedures. The devices and methods facilitate accurate control of the interventional
apparatus, including control of the working or deployed length of an interventional element
being deployed by the apparatus. The types of interventional elements to which the invention
may be applied are many, but in preferred embodiments include stents and balloons for the

treatment of vascular disease.

In a first aspect, an interventional catheter comprises an elongated flexible shaft having
a distal end and a proximal end, and an interventional element at the distal end, the
interventional element having an adjustable length. An actuator is disposed near the proximal
end for adjusting the length of the interventional element. In exemplary embodiments, the
interventional element comprises a balloon. A sheath is movably disposed over the balloon
and the actuator is coupled to the sheath to axially position the sheath relative to the balloon.
In this way the sheath may be used to selectively cover part of the balloon while exposing part

of the balloon having a desired length, the sheath constraining the covered part from expansion.

In other embodiments, the interventional element comprises a stent releasably carried
by the shaft. The actuator controls the length of a deployable portion of the stent, the
deployable portion being released from the shaft while an undeployed portion of the stent
remains associated with the shaft. The actuator may be coupled to a sheath that may be axially
positioned to cover a first portion of the stent while a second portion of the stent having a
desired length is left uncovered for deployment. The stent may be either balloon expandable or
self-expanding. In a preferred embodiment, the stent is comprised of a plurality of separable
stent segments and stent length is controlled by exposing a desired number of stent segments

outside of the sheath.

The elongated catheter shaft may include an outer sheath and an inner shaft. The outer

sheath is preferably slidably disposed over the inner shaft. The inner shaft may include an
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inflation Tumen-that provides tluid communication between a proximal end of the catheter shaft
and the distal end of the catheter shaft. An optional intermediate shaft may be included, with
the intermediate shaft being slidably disposed over the inner shaft and within the outer sheath.
In those embodiments that include a stent or stent segments, the intermediate shaft may serve
as a pusher to selectively éngage the stent or stent segments. Additional intermediate shafts

may also be provided where additional functionality is desired.

In another aspect, a handle for controlling the operation of a catheter includes a body
having a longitudinal axis, and an actuator knob that is preferably rotatable around the
longitudinal axis. Rotation of the actuator knob is translated to rotational movement of one or
more lead screws oriented longitudinally within the body of the handle member. In some
embodiments, one or more gear systems are used to provide the translation. A first gear system
may be interposed between the actuator knob and a first lead screw such that, when the first
gear system is engaged, rotation of the actuator knob causes rotation of the first lead screw.
Similarly, a second gear system may be interposed between the actuator knob and a second
lead screw such that, when the second gear system is engaged, rotation of the actuator knob
causes rotation of the second lead screw. Additional gear systems may be included to drive
additional lead screws in certain embodiments. Preferably, one, more than one, or all of the
gear systems are selectively disengageable such that rotation of the actuator knob does not

cause rotation of the respective lead screw.

In other embodiments, a system of rollers and actuator knob engagement surfaces
provides the translation of rotation of the actuator knob to rotational movement of the one or
more lead screws. Each roller is selectively engageable with one or more engagement surfaces
of the actuator knob such that rotation of the actuator knob causes the roller to rotate. Each
roller may be directly or indirectly connected to a respective lead screw to cause the lead screw
to rotate as the roller rotates. In a preferred embodiment, the rotation direction of a roller may
be different dependent upon the actuator knob engagement surface the roller is engaged with,
thereby providing the capability to reverse the rotation of the lead screw for a given rotation

direction of the actuator knob.

At least one threaded engagement member, such as a nut, may be movably engaged to
each of the lead screws such that rotation of the lead screw produces axial movement of the
engagement member. Each of the at least one engagement members may be attached, in turn,
to one of the outer sheath, the intermediate shaft, the inner shaft, or any other shaft included in
the catheter body to provide selective independent or simultaneous advancement or retraction

of each of those shafts.
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A selector member may be provided to selectively engage or disengage one or more of
the lead screws, such as by engaging and disengaging the gear or roller systems interposed
between the actuator knob and the lead screws. The selector member preferably is a rotatable
member that rotates around the longitudinal axis of the handle. Preferably, the selector and the
actuator knob are provided on the handle in an orientation that allows the user to hold the
handle, to switch the selector, and to rotate the actuator knob using only a single hand. The
selector is positionable to one or more settings, with each setting corresponding to a separate
mode of action of the actuator. In a first mode of action, a first one of the lead screws is
engaged to the actuator knob such that rotation of the actuator knob causes rotation of the first
lead screw. In a second mode of action, a second one of the lead screws is engaged to the
actuator knob such that rotation of the actuator knob causes rotation of the second lead screw.
Preferably, the first lead screw is also engaged to the actuator knob during the second mode of
action, although the selector may be configured to disengage the first lead screw during the
second mode of action if desired. In those embodiments in which the actuator includes more
than two lead screws, the selector may be provided with third, fourth, or additional settings to
correspond with a desired mode of action, with each setting corresponding with one or more

lead screws being engaged to the actuator knob.

The selector member preferably is generally disc-shaped. In some embodiments, the
selector is provided with one or more ramps on a distal-facing or proximal-facing surface that
are adapted to engage and displace a gear advancer as the selector member is rotated.
Alternatively, the ramps may be located on the gear advancer, or on both the selector member
and the gear advancer. The gear advancer then engages a gear member to cause the gear
member to engage a drive gear and operatively couple the actuator knob with a lead screw. In
other embodiments, the selector is provided with one or more slots having a cammed surface
through which a roller extends. The roller is thereby radially displaced by the cammed surface
as the selector is rotated, causing the roller to engage or disengage with an engagement surface

of the actuator knob, thereby selectively coupling the actuator knob with a lead screw.

The handle may be provided with an optional lock-out mechanism that selectively
prevents the actuator knob from rotating one or more of the lead screws when the selector
member is in a predetermined position corresponding to a predetermined mode of operation.
The preferred lock-out mechanism includes a rocker arm having a pawl formed on one end
thereof, the pawl being selectively engageable with a gear interposed between the actuator
knob and a lead screw. A pin selectively engages the rocker arm to cause the pawl to engage
or disengage from the gear. When the pawl is engaged, the gear is only allowed to rotate in an

allowed direction, but is prevented from rotating in the opposite direction. The lock-out
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mechanism may be used, for example, to prevent advancement of the outer sheath when the
actuator is in a mode of operation corresponding with inflation of the balloon at the distal end

of the catheter. Other uses of the lock-out mechanism are also possible.

The handle may also be provided with an optional clutch mechanism that causes the
actuator knob to become disengaged from the drive shaft when a predetermined amount of
torque is applied to the actuator knob. The clutch mechanism includes a first clutch plate
attached to the actuator knob, and a second clutch plate attached to the drive shaft. The drive
shaft, in turn, is selectively coupled to the one or more lead screws. Under normal operation,
with the clutch engaged, rotation of the actuator knob causes rotation of the one or more lead
screws (when engaged by the selector). However, the clutch plates are constructed such that,
when the amount of torque applied to the actuator knob reaches a predetermined limit, the
clutch plates disengage, thereby preventing the actuator knob from causing rotation of any of
the one or more lead screws. Selected clutch disengagement may be obtained by appropriate
construction of the clutch plate teeth, by selection of materials, by selection of a clutch spring
of appropriate size and spring constant, or by other methods known in the art. The clutch
mechanism may be useful, for example, to prevent over-resetting the outer sheath when the

sheath is being advanced distally.

The handle may also be provided with an optional inflation lumen disable mechanism
that prevents the user from supplying fluid to the distal end of the catheter shaft via the
inflation lumen during certain modes of operation of the handle. The inflation lumen disable
mechanism may include an electronic or mechanical valve that is placed in the inflation lumen
line and that is switchable from a first position allowing fluid flow to a second position
preventing fluid flow. Alternatively, the inflation lumen disable mechanism may include a
clamp that is applied to a portion of tubing or other member placed in the inflation lumen line.
Either mechanism may be used to substantially or completely prevent or divert fluid flow away

from or out of the inflation lumen.

The handle may also be provided with a limiting mechanism that limits the amount of
axial movement of one or more of the threaded engagement members on the respective lead
screws. For example, a tab may be fixed to a surface of an engagement member such that it
engages a detent formed on an internal surface of the handle housing when the engagement
member reaches a predetermined point of travel along the lead screw. The detent engages the
tab, preventing any further axial movement of the engagement member. In some
embodiments, the position of the detent within the handle housing is adjustable, thereby
providing the user with the capability of adjusting the length of allowable travel of the

engagement member.
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Additional features that optionally may be included on or with the handle include the

use of one or more variable pitch lead screws to provide the ability to speed up or slow down
the axial movement of the engagement member on the lead screw for a given rotation speed.
Thus, certain modes of operation may be performed more quickly, while other modes of
operation (e.g., those that require fine adjustment) may be performed more slowly. Yet another
additional option feature is the provision of a motor either internally or externally of the
handle, the motor being adapted to automate or semi-automate the handle operation. The
motor may optionally be programmed to perform certain predetermined modes of operation as

desired.

In yet another aspect, 2 method of operating an interventional catheter having an
elongated, flexible catheter shaft and an actuator is provided. The catheter includes one or
more interventional elements on its distal end, preferably a balloon, a stent, or both. If a stent
is provided, it preferably includes a plurality of stent segments. The catheter also preferably
includes an inner shaft, an outer sheath, and one or more optional intermediate shafts, each of
which is operably connected to the actuator. The method comprises advancing the distal end of
the shaft to a treatment location within a patient, such as a lesion located within a vessel in the
patient’s vasculature. A selector located on the actuator is placed at a first setting,
corresponding with a paving mode of operation, and a knob is rotated around a longitudinal
axis of the actuator, thereby causing retraction of the outer sheath relative to the inner shaft.
The interventional element is then deployed. The selector is then placed at a second setting,
corresponding with a resetting mode of operation, and the actuator knob is rotated around the

longitudinal axis of the actuator to cause the outer sheath to advance relative to the inner shaft.

In some embodiments, the selector is placed at a setting corresponding with a
separating mode of action and the actuator knob is rotated to create a separation between stent
segments that are being deployed, and those that are retained within the catheter outer sheath.
The selector setting corresponding with the separating mode of action may be the same as the
selector setting corresponding with the resetting mode of action. In such a case, the actuator
knob is rotated a first direction to perform the separating process, and is rotated in the opposite

direction to perform the resetting process.

In some embodiments, the actuator knob is rotated in the same direction to perform all
of the paving, separating, and resetting processes. In these embodiments, the selector member

is preferably placed in a different position for each of the three processes.

Other systems, methods, features and advantages of the invention will be or will

become apparent to those skilled in the art upon examination of the following figures and
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detailed description-of'the preferred embodiments. It is intended that all such additional
systems, methods, features, and advantages be included within this description, be within the
scope of the invention, and be protected by the accompanying claims. It is also intended that

the invention not be limited to the details of the example embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a stent delivery catheter according to the invention with

the sheath retracted and expandable member inflated.

FIG. 2 shows an exploded view of a handle member of the stent delivery catheter
shown in FIG. 1.

FIG. 2A shows an inset view of a portion of the exploded view shown in FIG. 2.

FIG. 3 shows a perspective view of a handle member of the stent delivery catheter with

the upper housing and adjustment knob removed.
FIG. 3A shows an inset view of a portion of the handle member shown in FIG. 3.
FIG. 4 shows another perspective view of the handle member shown in FIG. 3.
FIG. 5 shows a partial cross-sectional view of the distal portion of the handle member.

FIG. 6 shows a full cross-sectional view of the handle member with the adjustment

knob removed.

FIG. 7 shows an end view of the handle member with the upper housing and adjustment

knob removed.
FIG. 8 shows a perspective view of an integrated gear and collar.
FIG. 9 shows a perspective view of a gear advancer.
FIG. 10 shows a perspective view of a selector switch.

FIGS. 11A-E are side cut-away views of a stent delivery catheter of the invention
positioned in a vessel, illustrating various steps of delivering a prosthesis according to the

method of the invention.
FIGS. 12A and 12B illustrate a reset clutch mechanism.

FIG. 13A shows a perspective view of an alternative embodiment of a handle member

of the stent delivery catheter with the upper housing removed.
FIG. 13B shows the distal end of the handle member shown in FIG. 13A.
FIG. 14 shows a distal selector guide.

FIG. 15 shows a selector.
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FIG. 16A is a schematic diagram showing a structure for translating rotation of an

actuator knob into rotation of a lead screw.
FIG. 16B is another schematic diagram of the structure shown in FIG. 16A.

FIG. 17 shows a perspective view of another altemative embodiment of a handle

member of the stent delivery catheter with the upper housing removed.

FIG. 18A is a schematic diagram showing a side view of a structure for translating

rotation of an actuator knob into rotation of a lead screw.

FIG. 18B is a schematic diagram showing the front view of the structure shown in FIG.
18A.

FIG. 19A is another schematic diagram of the structure shown in FIG. 18A.
FIG. 19B is another schematic diagram of the structure shown in FIG. 18B.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before the present invention is described, it is to be understood that this invention is not
limited to particular embodiments described, as such may, of course, vary. It is also to be
understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since the scope of the present invention

will be limited only by the appended claims.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which these inventions
belong. Although any methods and materials similar or equivalent to those described herein
can also be used in the practice or testing of the present invention, the preferred methods and
materials are now described. All publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or materials in connection with which the

publications are cited.

(194}

Tt must be noted that as used herein and in the appended claims, the singular forms “a”,

“an”, and “the” include plural referents unless the context clearly dictates otherwise.

The present invention provides devices and methods for operating and controlling
interventional apparatus such as catheters with greater control, precision, and visibility. In one
aspect, the devices and methods of the invention facilitate operating and controlling an
interventional element on a catheter. In an exemplary embodiment, the interventional element
is an expandable member such as a balloon for dilatation of vascular lesions. The
interventional element also may comprise a stent or series of stent segments. However, the

principles of the invention will have applicability to various types of interventional elements
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for use in various parts of the body, wherever highly precise catheter manipulation and control
may be desirable.

Turning to FIGS. 1 and 11A-E, in a first embodiment of the invention, a stent delivery
catheter 20 comprises an elongated flexible shaft 22 having a proximal end 24 and a distal end
26. The shaft 22 is comprised of a plurality of coaxial members including an inflation shaft 34,
a pusher 36, and a sheath 38. A handle 28 is attached to the sheath 38 at its proximal end 24.
Near the distal end 26, an expandable member 30, shown in an expanded configuration, is
mounted at its proximal end to the inflation shaft 34. A guidewire tube 40 extends through a
port 42 in the sheath 38 and extends through the interior of the expandable member 30 to the
distal end 26 of the shaft. The expandable member 30 is attached at its distal end to the
guidewire tube 40, and a nosecone 32 is attached to the guidewire tube 40 distally of the
expandable member 30. A guidewire 44 is slidably positionable through the guidewire tube 40
and the nosecone 32 to facilitate guidance of the catheter 20 through the vasculature. A slider
assembly 48 is slidably positioned over the catheter shaft 22 and the guidewire 44 at a position
between the proximal and distal ends of the catheter shaft 22. The slider assembly 48 includes
a relatively rigid member insertable through a sealing valve, such as a hemostasis valve, and
sealed therein while providing the ability for the sheath 38 and the guidewire 44 to slide
through the slider assembly.

A plurality of stent segments 46 are slidably positioned over the expandable member
30. Additional stent segments 46 are carried within the catheter over the inflation shaft 34 and
within the sheath 38. The pusher 36 is axially slidable relative to the inflation shaft 34 and
engages the stent segments 46 at its distal end. With the expandable member 30 in its
contracted state, the pusher 36 may be advanced distally to advance the stent segments 46 over
the expandable member 30, or the pusher 36 may be held in a stationary position while the
expandable member 30 is drawn proximally relative to the stent segments 46. The sheath 38 is
axially movable relative to the expandable member 30, the pusher 36, and the stent segments
46. The sheath may be repositioned proximally or distally to selectively expose a desired
length of the expandable member 30 and the stent segments 46 thereon according to the length
of the lesion to be treated. The sheath 38 and the pusher 36 may be drawn proximally in
tandem relative to the expandable member 30 to separate the stent segments 46 exposed
distally of the sheath 38 from the stent segments 46 held within the sheath 38. Various other
aspects of the construction of the delivery catheter 20 and the stent segments 46 are described
in copending United States Patent Application Serial No. 10/637,713, entitled “Apparatus and
Methods for Deployment of Vascular Prostheses,” filed August 8, 2003 (Attorney Docket No.
21629-000340), and United States Patent Application Serial No. / , entitled

10
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Apparatus and Methods for Deployment of Multiple Custom-Length Prostheses (I),” filed
June 8, 2005 (Attorney Docket No. 14592.4003), each of which applications is incorporated

herein by reference.

A stent valve 48 is attached to the interior of the sheath 38 and is preferably spaced
proximally from the distal end of the sheath 38 a distance equal to the length of about 1/2 to 1
stent segment. The stent valve 48 comprises an annular ridge or ring configured to frictionally
engage the stent segments 46 to facilitate control of the spacing between those segments to be
deployed distally of the sheath 38 and those to be retained within the sheath 38. The stent
valve 48 may comprise any of the structures described in the United States patent applications
listed in the preceding paragraph, or those described in copending United States Patent
Application Serial No. 10/412,714, filed April 10, 2003 (Attorney Docket No. 21629-000330)
(hereinafter “the ‘714 application”), which is incorporated herein by reference. For example,
as described in the ‘714 application, the stent valve 48 can be constructed to provide active
operation by including a stent valve actuator on the handle 28 that is operatively coupled to the
stent valve 48 and that causes the stent valve 48 to selectively engage and disengage the stent
segments. The stent valve actuator may comprise, for example, an inflation device, an
electronic switch, a mechanical actuator, or the like. The stent valve actuator is preferably
positioned on the handle and operated in a manner that allows one-handed operation of the

stent valve actuator and the other handle components.

The handle 28 includes a housing 50 and an actuator knob 52 rotatably coupled thereto.
A lever 54 attached to a selector 56 extends through a slot 58 formed in the housing near its
distal end. As explained in greater detail below, rotation of the actuator knob 52 will cause
either or both of the sheath 38 and/or the pusher 36 to advance or retract relative to the inflation
shaft 34 and expandable member 30, depending upon the position of the selector 56 and the
direction in which the actuator knob 52 is rotated. In a first position of the selector 56, which
corresponds to a paving operation, rotation of the actuator knob 52 in a first direction (e.g.,
counter-clockwise) will cause the sheath 38 to retract while the pusher 36 is held in place
relative to the sheath 38, thereby exposing one or more stent segments 46 aligned on the
expandable member 30. In a second position of the selector 56, which corresponds to both a
separation operation and a resetting operation, rotation of the actuator knob 52 in the first
direction will cause both the sheath 38 and the pusher 36 to retract relative to the expandable
member 30, thereby separating the stent segments 46 retained within the sheath 38 (which are
engaged by the stent valve) from those deployed distally of the sheath 38 during the paving
operation. While the selector 56 remains in the second position, rotation of the actuator knob

52 in the second direction, opposite of the first direction, will cause both the sheath 38 and the
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pusher 36'to advance relative to the expandable member in order to reset the device. When the
sheath 38 has advanced to its distal-most position, the selector 56 may be placed back to the

first position and the process repeated.

A luer fitting 60 extends from the proximal end of the housing 50. The luer fitting 60 is
in fluid communication with an inflation lumen in the inflation shaft 34. The luer fitting 60 is
adapted for coupling to an inflation device to enable delivery of an inflation fluid into the
expandable member 30. An example of a suitable inflation device is the Indeflator™ inflation

device available from Guidant Corporation of Santa Clara, California.

Turning to FIGS. 2 and 2A, the internal structure of the handle 28 is illustrated. The
housing 50 includes an upper housing member 50a and a lower housing member 50b. The
upper housing member 50a and lower housing member 50b are joined together by four screws
51 that pass through holes formed in the lower housing member 50b and screw into holes
formed on the lower facing upper housing member 50a. At their proximal ends, each of the
upper housing member 50a and lower housing member 50b includes a recess 62a, 62b adapted
to receive and retain the luer fitting 60. Each of the upper housing member 50a and lower
housing member 50b also includes a bulkhead slot 64 formed on their respective interior
surfaces nearer to the proximal end than the distal end of the housing 50. The bulkhead slot 64
is adapted to receive and retain a proximal bulkhead 66, and to fix the position of the proximal
bulkhead 66 within the housing 50 when the housing is assembled. The proximal bulkhead 66
is a flat member having generally rounded side edges and flat upper and lower edges, and
includes a pair of laterally spaced through-holes 68a, 68b which are adapted to receive and
rotatably retain a first lead screw 70 and a second lead screw 72, as explained more fully

below.

The distal ends of the upper housing member 50a and lower housing member 50b each
include a radially enlarged section 59a, 59b, respectively. Together, the radially enlarged
sections 59a-b enclose and retain the selector 56, a distal selector guide 57a, and a proximal
selector guide 57b. The distal selector guide 57a is a generally disc-shaped member having a
flat bottom edge. The distal selector guide 57a includes a first pair of through-holes 74a, 74b
which are adapted to receive and rotatably retain the first lead screw 70 and second lead screw
72. The distal selector guide 57a also includes a round center aperture 76 adapted to receive a
drive shaft 88 therethrough, and to provide a communication space to the selector 56 located
just proximally of the distal selector guide 57a. Finally, the distal selector guide 57a is also
provided with an upper recess 78a and lower recess 78b on its distal-facing surface, a first pin-
guide 80 and a second pin guide 81 also on its distal-facing surface, and a lock-out pin slot 82

near its upper edge. The distal selector guide 57a has a shape and size configured to fit
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securely in a distal selector guide slot 90 provided on the interior surface of the assembled

housing 50.

The proximal selector guide 57b is also a generally disc-shaped member having a flat
bottom edge. The proximal selector guide 57b includes a pair of through-holes 84a, 84b which
are adapted to receive and rotatably retain the first lead screw 70 and second lead screw 72.
The proximal selector guide also includes a round center aperture 86 adapted to receive and
rotatably retain the drive shaft. The proximal selector guide 57b has a shape and size
configured to fit securely in a proximal selector guide slot 92 provided on the interior surface

of the assembled housing 50.

The selector 56 is a generally‘disc-shaped member having the selector lever 54
extending radially from its upper edge. (See also FIG. 10). The selector 56 includes a first pair
of elongated slots 94a, 94b which are adapted to allow passage of the first lead screw 70 and
second lead screw 72 through the selector 56, even as the selector is rotated about a central
axis. The selector 56 also includes a round center aperture 96 adapted to receive and rotatably
retain the drive shaft 88, and an elongated upper slot 97a and lower slot 97b provided on either
side of the center aperture 96. The selector also includes a pin-hole 95 that is adapted to
receive and retain a lock-out pin 102, which extends through the lock-out pin slot 82 on the
distal selector guide 57a. Finally, the selector 56 is also provided with three ramps 98 on its
distal-facing surface, the ramps 98 being spaced equidistantly around the center aperture 96.
Each of the ramps 98 is an inclined surface extending distally from the distal face of the
selector 56. The selector 56 has a shape and size configured to fit securely in a selector slot 91
provided on the interior surface of the assembled housing 50, and to be sandwiched between
the distal selector guide 57a and the proximal selector guide 57b. As noted previously, the
selector lever 54 extends through the slot 58 provided on the upper housing member 50a to

provide the user access to rotate the selector 56 through a limited range of motion.

The first lead screw 70 and second lead screw 72 are elongated shafts having distal
portions 70a, 72a that are not threaded, center portions 70b, 72b that are threaded, and
proximal portions 70c, 72c¢ that are not threaded. The distal portions 70a, 72a of the lead
screws extend through the through-holes 74a-b, 84a-b provided on the distal selector guide 57a
and proximal selector guide 57b, respectively, and through the slots 94a-b provided on the
selector 56, and extend a distance distally from the distal surface of the distal selector guide
57a. (See, e.g., FIGS. 3, 3A, 5, and 6). The proximal portions 70c, 72¢ of each of the lead
screws extend through a washer 67a, 67b and through the through-hole 68a, 68b provided on
the proximal bulkhead 66. A retaining screw 63 attaches the second lead screw to the bulkhead

66 through a retaining washer 65 and a retaining spring 69. The retaining screw 63, retaining
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washer 65, and retaining spring 69 attaches the second lead screw 72 to the bulkhead 66 in a
manner that prevents the second lead screw 72 from unintended rotation due to forces imparted

to the pusher tube 36 by the outer sheath 38 during retraction of the outer sheath 38.

At the distal end of the handle 28, a first lead screw gear 110 is positioned to be
received over the distal end of the first lead screw 70. The first lead screw gear includes a
cylindrical collar portion 112 that is slidably received on the lead screw 70. A primary set of
teeth 114 are provided on the distal end of the first lead screw gear 110, and a secondary set of
teeth 116 are provided on the proximal end of the first lead screw gear 110. A gear pin 118
extends through a pin-hole 119 on the collar 112, and also extends through a pin-hole 71
located near the distal end of the first lead screw 70, thereby retaining the first lead screw gear

110 on the distal end of the first lead screw 70.

Similarly, a second lead screw gear 120 is positioned to be received over the distal end
of the second lead screw 72. The second lead screw gear includes a cylindrical collar portion
122 that is slidably received on the second lead screw 72. A primary set of teeth 124 are
provided on the distal end of the second lead screw gear 120. A gear pin 128 extends through a
pin-hole 129 on the collar 122, and also extends through a pin-hole 73 located near the distal
end of the second lead screw 72, thereby retaining the second lead screw gear 120 on the distal

end of the second lead screw 72.

The drive shaft 88 is an elongated, cylindrical member that extends through the center
apertures 76, 96, 86 of the distal selector guide 57a, selector 56, and proximal selector guide
57b. The drive shaft 88 is hollow, providing an interior passage through which the sheath 38,
pusher 36, and inflation shaft 34 are able to pass, as described more fully below. The proximal
end of the drive shaft 88 includes a peripheral slot 130 that is adapted to receive a retaining clip
131 that retains the proximal end of the drive shaft 88 against the proximal side of the proximal
selector guide 57b. A disc washer 132 is placed between the retaining clip 131 and the
proximal selector guide 57b to facilitate rotation of the drive shaft 88. Similarly, the distal end
of the drive shaft 88 includes a peripheral slot 134 that is adapted to receive another retaining
clip 135 that retains the distal end of the drive shaft 88 against the distal end of the actuator
knob 52. A disc washer 136 is placed between the retaining clip 135 and the actuator knob 52.
A slotted collar 138 is attached to the drive shaft 88 proximally of its distal end. The slotted
collar 138 is a cylindrical member having a diameter that is slightly larger than that of the drive
shaft 88. The slotted collar 138 includes a pair of longitudinal slots 139 on opposed sides
thereof. A slotted pin-hole 137 is formed through the drive shaft to provide a mechanism for

connecting a primary drive gear 150 to the shaft 88, as described below.
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The actuator knob 52 is a generally cup-shaped member having a plurality of knurls 53

formed on its outer surface. The distal end of the actuator knob 52 includes a through-hole 55
that allows passage of the drive shaft 88 therethrough, as described above. Referring to FIG. 5,
the open proximal end of the actuator knob 52 includes a circumferential lip 141 that rotatably
rests against the distal edge 140 of the housing 50. In addition, the interior surface of the
actuator knob 52 has a pair of tabs 142 extending proximally from the interior distal surface of
the knob. The tabs 142 are of a size and configuration to slidably engage the slots 139 on the
slotted collar 138 that is attached to the distal end of the drive shaft 88. Thus, when the tabs
142 on the actuator knob 52 are engaged with the slots 139 on the slotted collar 138, rotation of
the actuator knob 52 causes the drive shaft 88 to rotate.

As noted above, the primary drive gear 150 is positioned to be received over the drive
shaft 88. The primary drive gear 150 includes a cylindrical collar portion 152 that is slidably
received on the drive shaft 88. (See also FIG. 8). A primary set of teeth 154 are provided on
the proximal end of the primary drive gear 150 facing radially outward. A secondary set of
teeth 156 are provided on the proximal end of the primary drive gear 150 facing proximally,
i.e., toward the proximal end of the handle 28. A pair of gear pins 158 extend through a pin-
hole 159 on the collar 152, and also extends through the pin-hole 137 on the drive shaft 88,
thereby retaining the primary drive gear 150 on the drive shaft 88.

A distal spring 160 is located over the drive shaft 88 and its distal end rests against the
proximal edge of the slotted collar 138 on the drive shaft 88. The proximal end of the distal
spring 160 rests against a lead screw support member 162. The lead screw support member
162 is a flat, generally oval-shaped member having a center aperture 163 and a through-hole
164a, 164D on either side of the center aperture 163. The drive shaft 88 extends through the
center aperture 163 of the lead screw support member 162. The distal side of the lead screw
support member 162 rests against the primary drive gear 150, which is fixed to the drive shaft
88. The distal end of the first lead screw 70 passes through one of the through-holes 164a of
the lead screw support member 162, while the distal end of the second lead screw 72 passes

through the other of the through-holes 164b of the lead screw support member 162.

A secondary drive gear 170 is positioned to be received over the drive shaft 88. The
secondary drive gear 170 includes a cylindrical collar portion 172 that is slidably received on
the drive shaft 88. A primary set of teeth 174 are provided on the distal end of the secondary
drive gear 170 facing radially outward. A secondary set of teeth 176 are provided on the distal
end of the secondary drive gear 170 facing distally, i.e., toward the primary drive gear 150.
The secondary drive gear 170 is not pinned to the drive shaft 88. Instead, the secondary drive

gear 170 is able to move axially along the drive shaft 88, as explained below. A drive gear
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spring 180 is located over the drive shaft 88 and between the primary drive gear 150 and the
secondary drive gear 170. Thus, the drive gear spring 180 provides a force biasing the
secondary drive gear 170 proximally, away from the primary drive gear 150 (which is fixed

relative to the drive shaft 88).

A gear advancer 182 is located just proximal of the secondary drive gear 170. The gear
advancer is illustrated in FIG. 9, and includes a disc-shaped central portion 184 and a pair of
tabs 186 located on opposed sides of the central portion 184. The gear advancer 182 further
includes a center aperture 188 adapted to slidably receive the drive shaft 88, and three identical
ramps 190 spaced equidistantly around the center aperture 188. Each of the ramps 190 is an
inclined surface extending from the proximal face of the gear advancer 182. Turning back to
FIGS. 2, 2A, 3, and 3A, the gear advancer 182 is located on the drive shaft 88 between the
secondary drive gear 170 and the distal selector guide 57a. The gear advancer tabs 186 each
have a size and shape configured to positively engage the upper and lower recesses 78a, 78b of

the distal selector guide 57a.

The ramps 190 on the proximal face of the gear advancer 182 are directed toward and
are in contact with the distal face of the selector 56 through the center aperture 76 of the distal
selector guide 57a. When the selector 56 is rotated, the ramps 98 of the selector 56 engage the
ramps 190 on the gear advancer 182, causing the gear advancer 190 to separate from the
selector 56, which is fixed axially within the housing 50. The separation force against the gear
advancer 182 causes the gear advancer and the secondary drive gear 170 to move distally along
the drive shaft 88 against the spring force of the drive gear spring 180. When the selector 56 is
rotated fully, i.e., when the peaks of the selector ramps 98 are engaged with the peaks of the
gear advancer ramps 190, the secondary teeth 176 of the secondary drive gear 170 come into
engagement with the secondary teeth 156 of the primary drive gear 150, thereby causing the
secondary drive gear 170 to rotate in unison with the primary drive gear 150. When the
secondary teeth 176 of the secondary drive gear are not in contact with the secondary teeth 156
of the primary drive gear 150, the secondary drive gear 170 does not rotate but instead floats on
the drive shaft 88.

As noted above, a lock-out pin 102 extends through a lock-out pin slot 82 on the distal
selector guide 57a and into a pin-hole 95 on the selector 56. A first fixed pin 104 extends
distally from the first pin guide 80 on the distal selector guide 57a, and a second fixed pin 106
extends distally from the second pin guide 81 on the distal selector guide 57a. A rocker arm
107 is pivotably attached to the second fixed pin 106. A first end 108 of the rocker arm rests
against the first fixed pin 104. The opposite end 109 of the rocker arm is a pawl that
selectively engages the secondary teeth 116 of the first lead screw gear 110. Together, the
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lock-outpin 102, the rocker arm 107, and the secondary teeth 116 of the first lead screw gear
110 function as a lock-out device that prevents rotation of the first lead screw 70 during some
operations, as described more fully below.

Referring to FIGS. 3-6, a paving nut 192 is located within the housing 50 and includes
a first cylindrical section 193 that is located on the first lead screw 70, and a second cylindrical
section 194 that is located on the second lead screw 72. A bridge section 195 extends between
and interconnects the first cylindrical section 193 and the second cylindrical section 194. A set
screw 196 extends through the bridge section 195 and attaches the paving nut 192 to the sheath

38, which extends through the drive shaft 88 and through an outer support shaft 89 on the distal
end of the handle 28. The first cylindrical section 193 of the paving nut 192 is threaded
internally such that it will ride along the threads of the first lead screw 70 as the first lead screw
is rotated. The second cylindrical section 194 is not threaded, and will fravel along the second
lead screw 72 independently of any rotation of the second lead screw 72. Thus, when the first
lead screw 70 rotates, it causes the paving nut 192 to move proximally or distally within the
housing 50, depending upon the direction of rotation of the first lead screw 70. As the paving

nut 192 moves, it also causes the sheath 38 to advance and retract.

A separation nut 198 is similarly located within the housing 50 and includes a first
cylindrical section 199 that is located on the second lead screw 72, and a second cylindrical
section 200 that is located on the first lead screw 70. A bridge section 201 extends between
and interconnects the first cylindrical section 199 and the second cylindrical section 200. A set
screw 201 extends through the bridge section 200 and attaches the separation nut 198 to the
pusher 36, which extends coaxially with the sheath 38 through the drive shaft 88 and through
the outer support shaft 89 on the distal end of the handle 28. The first cylindrical section 199
of the separation nut 198 is threaded internally such that it will ride along the threads of the
second lead screw 72 as the second lead screw is rotated. The second cylindrical section 200 is
not threaded, and will travel along the first lead screw 70 independently of any rotation of the
first lead screw 70. Thus, when the second lead screw 72 rotates, it causes the separation nut
198 to move proximally or distally within the housing 50, depending upon the direction of
rotation of the second lead screw 72. As the separation nut 198 moves, it also causes the

pusher 36 to advance and retract.

As noted previously, the inflation shaft 34 extends coaxially through the pusher 36 and
the sheath 38, and is attached at its proximal end to the luer fitting 60 on the proximal end of
the handle 28. The inflation shaft 34 is therefore fixed in position relative to the handle 28,

whereas the sheath 38 subject to advancement and retraction with movement of the paving nut
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192, and the pusher 36 is subject to advancement and retraction with movement of the

separation nut 198.

Turning now to FIGS. 3-7 and 11A-E, the operation of the first embodiment of the stent
delivery catheter 20 will be described. Initially, the sheath 38 is in its fully advanced position,
as illustrated, for example, in FIG. 11A. The sheath 38 is adjacent to the nosecone 32, and
covers the stent segments 46 that are aligned over the expandable member 30. The pusher 36
is also fully advanced, with its distal end in contact with the proximal-most stent segment 46.
The catheter 20 is advanced over a guidewire 44 through a vessel V until the treatment location
is reached, such as a lesion L. The nosecone 32 is advanced distally of the lesion L to place the

distal end of the catheter in the proper position for deployment of the stent segments 46.

The sheath 38 is then retracted while the pusher 36 is held in place, in order to expose
the distal-most stent segments 46 aligned over the expandable member 30. See FIG. 11B.
Referring to FIGS. 3-7, retraction of the sheath 38 while maintaining the position of the pusher
36 is achieved by causing the paving nut 192 to move proximally within the handle 28 along
the first lead screw 70. This movement of the paving nut 192 is caused by, first, placing the
selector 56 in the “paving” position by rotating the lever 54 fully clockwise. (NOTE:
References herein to “clockwise” and “counter-clockwise” rotation of the selector and actuator
knob are from a point of reference at the proximal end of the handle.) In this selector position,
the ramps 190 of the gear advancer 182 are not engaged with the ramps 98 of the selector 56,
with the result that the gear advancer 182 is in its proximal position. In this position, the gear
advancer 182 does not cause the secondary drive gear 170 to engage the primary drive gear
150. Thus, the secondary drive gear 170 rotates freely on the drive shaft 88. Counter-
clockwise rotation of the actuator knob 52 causes the drive shaft 88 to rotate (also counter-
clockwise), which causes rotation of the primary drive gear 150 (also counter-clockwise),
which is engaged with the first lead screw gear 110, thereby causing rotation of the first lead
screw 70 (clockwise) and retraction of the paving nut 192. However, rotation of the drive shaft
88 caused by rotation of the actuator knob 52 does not cause rotation of the disengaged
secondary drive gear 170, and therefore the second lead screw gear 120 is not rotated. Thus,
the paving nut 192 is retracted (thereby causing retraction of the connected sheath 38), while

the separation nut 198 is stationary (thereby causing the pusher 36 to remain in place).

In addition, the “paving” selector position leaves the lock-out mechanism in the
position illustrated in FIG. 7, in which the lock-out pin 102 rests against the rocker arm 107
and the second end 109 of the rocker arm acts as a pawl in engagement with the secondary
teeth 116 of the first lead screw gear 110. The ratcheting mechanism between the secondary

teeth 116 and the second end 109 of the rocker arm therefore allows the first lead screw gear
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110 to rotate clockwise, but prevents counter-clockwise rotation. Stated otherwise, when the
selector 56 is in the “paving” position, the lock-out mechanism prevents the first lead screw 70
from rotating counter-clockwise, and, thus, prevents the actuator knob 52, from rotating
clockwise. This prevents the user from inadvertently advancing the sheath 38 beyond the

initial position or re-sheathing paved stent segments.

After the sheath 38 has been retracted a sufficient distance to expose the desired
number of stent segments 46, the separation process is performed. Separation refers to the
action of separating the exposed stent segments 46 from the stent segments 46 retained within
the sheath 38 in order to allow the expandable member 30 to expand only the exposed stent
segments 46 and allow some distance for the balloon taper from the deployed stent segments to
the distal end of sheath 38. Separation requires a relatively short distance of retraction of both
the sheath 38 and the pusher 36, &.g. 2-4mm. When both the sheath 38 and the pusher 36 are
retracted, the stent valve 48 engages the distal-most stent segment 46 within the sheath 38 and
retracts the covered stent segments 46 along with the sheath 38. See FIG. 11C.

Referring to FIGS. 3-7, retraction of the sheath 38 and the pusher 36 simultaneously is
achieved by causing the paving nut 192 to move proximally within the handle 28 along the first
lead screw 70 while also causing the separation nut 198 to move proximally within the handle
28 along the second lead screw 72. This simultaneous movement of the paving nut 192 and
separation nut 198 is caused by, first, placing the selector 56 in the “separation” position by
rotating the lever 54 fully counter-clockwise. In this selector position, the ramps 190 of the
gear advancer 182 are fully engaged with the ramps 98 of the selector 56, with the result that
the gear advancer 182 is advanced to its fully distal position. In this position, the gear
advancer 182 causes the secondary drive gear 170 to engage the primary drive gear 150. Thus,
the secondary drive gear 170 rotates in unison with the primary drive gear 150. Counter-
clockwise rotation of the actuator knob 52 causes the drive shaft 88 to rotate (also counter-
clockwise), which causes rotation of the primary drive gear 150 (also counter-clockwise),
which is engaged with the first lead screw gear 110, thereby causing (clockwise) rotation of the
first lead screw 70 and retraction of the paving nut 192. Simultaneously, (counter-clockwise)
rotation of the drive shaft 88 caused by rotation of the actuator knob 52 causes (counter-
clockwise) rotation of the engaged secondary drive gear 170, which is engaged with the second
lead screw gear 120 and therefore causes (clockwise) rotation of the second lead screw 72.
Thus, the paving nut 192 is retracted (thereby causing retraction of the connected sheath 38), as
the separation nut 198 is also retracted (thereby causing simultaneous retraction of the pusher

36).
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In addition, the separating” selector position changes the lock-out mechanism from the

position illustrated in FIG. 7. Specifically, when the selector 56 is rotated counter-clockwise,
the lock-out pin 102 engages the raised upper surface 107a of the rocker arm 107, causing it to
deform radially inward (i.e., toward the drive shaft 88). Deformation of the rocker arm upper
surface 107a causes the second end 109 of the rocker arm to disengage from the secondary
teeth 116 of the first lead screw gear 110. This allows the first lead screw gear 110 to freely
rotate either clockwise or counter-clockwise, defeating the lock-out mechanism. Stated
otherwise, when the selector 56 is in the “separation” position, the lock-out mechanism is
disengaged, allowing the user to rotate the actuator knob 52 in either direction, thereby either

advancing or retracting the sheath 38 and pusher 36 to adjust the separation distance.

After the separation process is completed, which entails retracting the sheath 38 and the
pusher 36 a distance equal to about the length of 1/2 to about 1 stent segment 46 or about 2-
4mm, the expandable member 30 is expanded by injecting inflation media through the luer
fitting 60 into the lumen of the inflation shaft 34. See FIG. 11D. Expansion of the expandable
member causes the exposed stent segments 46 to plastically expand against the lesion L. The
expandable member 30 is then contracted by withdrawing the inflation media, leaving the

expanded stent segments 46 in place. See FIG. 11E.

As described herein, the catheter 20 is capable of deploying stent segments 46 in
multiple locations during a single interventional procedure. Therefore, after deploying the
stent segments 46 in the manner described above, the catheter is preferably reset to the initial
position, as in FIG. 11A, in order to perform another deployment. Resetting the catheter 20
entails advancing both the sheath 38 and the pusher 36 simultaneously until they reach the
initial position. This process is performed by rotating the actuator knob 52 clockwise while the
selector 56 remains in the “separation” position (i.e., fully advanced counter-clockwise).
Clockwise rotation of the actuator knob 52 causes clockwise rotation of the drive shaft 88, the
primary drive gear 150, and the secondary drive gear 170, which, in turn, causes counter-
clockwise rotation of the first lead screw gear 110 and the second lead screw gear 120. This
causes advancement of the paving nut 192 and the separation nut 198, which advances the
sheath 38 and the pusher 36. Once the sheath 38 and pusher 36 have been advanced fully, the
rotation of the actuator knob 52 is stopped, the selector 56 is rotated to the “paving” position,
and the catheter 20 is reset and prepared for another deployment.

Alternative features may be incorporated in the handle 28 described above. One such
feature is the provision of a reset clutch mechanism. The reset clutch mechanism is intended to
prevent the user from over-resetting the catheter after stent deployment, i.e., it prevents the user

from advancing the sheath 38 and pusher 36 beyond the initial position illustrated in FIG. 11A.
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Refernng to FIGS. I'2A-B, a first clutch plate 210 is fixed to the interior surface of the actuator
knob 52, with teeth facing proximally. A second clutch plate 212 is fixed to the distal end of
the drive shaft 88, which does not extend through a hole in the actuator knob 52. The mating
teeth of the second clutch plate 212 face distally, opposed to the first clutch plate 210. The
second clutch plate 212 is keyed to the drive shaft 88 such that it is able to slide proximally
along the drive shaft 88 but cannot rotate on the shaft. A compression spring 214 is positioned
in back of the second clutch plate 212 to bias the second clutch plate distally against the first
clutch plate 210. The teeth on the first clutch plate 210 and second clutch plate 212 fully
engage during the paving, separation, and resetting processes described above, thereby
translating rotation of the actuator knob 52 into rotation of the drive shaft 88. However, if an
excessive amount of torque is created due to over-resetting of the catheter, the clutch plates
210, 212 will slip due to displacement of the second clutch plate 212 against the biasing force
of the compression spring 214. The amount of torque needed to cause the clutch plates to slip
may be adjusted by changing the compression spring 214 or its strength, altering the geometry
of the teeth on either or both of the clutch plates 210, 212, changing the materials used to make

the clutch plates 210, 212, or other similar mechanisms.

Another alternative feature that may optionally be included in the handle 28 is a paving
nut limiting mechanism. The purpose of the paving nut limiting mechanism is to limit the
distance that the paving nut 192 is allowed to travel proximally within the housing 50. The
limit preferably corresponds to the total length of all of the stent segments 46 carried at the
distal end of the catheter 20. Thus, the paving nut limiting mechanism prevents the user from
retracting the sheath 38 beyond the point at which stent segments 46 are available for
deployment. The paving nut limiting mechanism includes a tab 218 that extends downward
from the bottom surface of the paving nut 192, and a mating detent 216 that extends upward
from the internal surface of the lower housing member 50b at a desired position along the
travel path of the paving nut 192. The stationary detent 216 blocks the tab 218, thereby
preventing the paving nut 192 from retracting further within the housing 50. Alternatively, the
tab may be on the upper surface of the paving nut 192 and the detent on the upper housing
member 50a. Additionally, the detent 216 may be permanently fixed in position within the
housing 50, or its position may be adjustable to allow the operator to select a desired stent

length, beyond which the device is prevented from paving.

Still another alternative feature that may optionally be included in the handle 28 is an
inflation disabler. The purpose of the inflation disabler is to disable the ability to use the
inflation lumen unless the selector 56 is in the “separation” position, thereby preventing the

user from inflating the expandable member 30 prior to performing the separation process.
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There are 2 number of mechanisms that are suitable for performing the inflation disabling
function. For example, an electronically or mechanically switchable valve may be attached to
the inflation inlet at the luer fitting 60, with the valve being actuated by the position of the
selector 56. The valve may remain closed to prevent introduction of inflation fluid, or the
inflation fluid injected through the luer fitting 60 may be diverted by the valve out of the
inflation tube 34 unless the selector 56 is in the “separation” position. As another example, a
mechanical tubing clamp may be attached to a tube placed between the tuer fitting 60 and the
inflation shaft 34, whereby the tubing clamp may optionally crimp, flatten, or otherwise close
off the tube when the selector 56 is not in the “separation” position. Other inflation prevention

mechanisms are also possible.

Still another alternative feature that may optionally be included in the handle 28 is to
provide one or more lead screws having sections with threads having variable pitch. For
example, a first lead screw may be provided with a section having a first pitch and a section
having a second pitch, where the first pitch provides a greater mechanical advantage than does
the second pitch. In such a case, the lead screw might provide faster speed, greater feel, or
some other desired characteristic over differing operational zones. For example, it may be
desirable to perform the paving process at a higher speed than is used during the separation
process. Providing a variable pitch lead screw may provide the ability to obtain this result.
Alternatively, the primary and secondary drive gears may be replaced with multiple gears
having various sizes or pitches to allow the rate of paving and/or separation to be selected by

the operator.

An alternative embodiment of a handle 28 in accordance with the present invention is
illustrated in FIGS. 13A and 13B. The alternative embodiment includes three lead screws,
thereby providing for relative movement of each of the sheath 38, the pusher tube 36, and the
inflation tube 34. In addition, the alternative embodiment employs a drive roller mechanism
for translation of rotational movement of the actuator knob into axial movement of the sheath

38, pusher tube 36, and inflation tube 34.

Turning to FIG. 13A, a lower housing member 230a encloses a proximal bulkhead 232
and a distal bulkhead 234. A first lead screw 236, a second lead screw 238, and a third lead
screw 240 extend between and are supported by the proximal bulkhead 232 and distal bulkhead
234. A paving nut 242 includes internal threads to allow axial travel along the first lead screw.
A separation nut 244 includes internal threads to allow travel along the second lead screw. A
reset nut 246 includes internal threads to allow travel along the third lead screw. Although not
shown in FIG. 13A, the paving nut 242 is attached to the sheath 38, the separation nut 244 is
attached to the pusher tube 36, and the reset nut 246 is attached to the inflation tube 34, each in
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a manner similar to that described above for the first embodiment of the handle 28. Each of the
first, second, and third lead screws 236, 238, 240 includes a roller receptacle 248, 250, 252

fixed to the distal end of the respective lead screw.

A selector 254 is received and retained in the housing 230a between a distal selector
guide 256 and a proximal selector guide 258. The selector 254 is illustrated in greater detail in
FIG. 15. The selector includes a lever 255, a center aperture 260, and three elongated slots
262a-c surrounding the center aperture 260. Each of the elongated slots 262a-c includes a
distinct cam feature, the purpose of which is described below. The distal selector guide 256 is
illustrated in greater detail in FIG. 14. The distal selector guide 256 includes a center aperture
257 and three through-holes 264 surrounding the center aperture 257. A raised brake surface
265 is located around the periphery of the center aperture 257 between the center aperture 257
and the through-holes 264.

An actuator knob 266 is provided at the distal end of the handle 28. See FIG. 13A.
Three rollers 268a-c are enclosed within the interior of the actuator knob 266. See FIG. 13B.
Each of the rollers 268a-c includes a first engagement head 269a-c located on the distal side of
the distal selector guide 256, a second engagement head 270a-c located on the proximal side of
the proximal selector guide 258, and a shaft 271a-c extending between the first engagement
heads and second engagement heads. The second engagement heads 270a-~c are selectively
engageable with the receptacles 248, 250, 252, while the first engagement heads 269a-c are
selectively engageable with the actuator knob 266, as described below.

Referring to FIGS. 16A and 16B, the actuator knob 266 includes an edge 267 that
forms an internal engagement surface 272. The first engagement head 269a of the first roller
268a is selectively engaged with the internal engagement surface 272 of the actuator knob.
Each of the other engagement heads 268b, 268c is similarly engageable with the engagement
surface 272 of the actuator knob. More specifically, the shaft 271a-c of each of the rollers
extends through one of the elongated slots 262a-c of the selector 254. As the selector 254 is
rotated, the cam feature of each of the elongated slots 262a-c causes the shaft 271a-c of the
roller to move radially inward (toward the central longitudinal axis of the handle) or radially
outward (away from the central longitudinal axis). When the shaft 271a-c is moved radially
inward, the respective first engagement head 269a-c disengages from the engagement surface
272 of the actuator knob 266, and comes into contact with the brake surface 265 of the distal
selector guide 256. (See FIG. 16A). In this position, rotation of the actuator knob 266 does
not cause rotation of the roller 268a-c. On the other hand, when the shaft 271a-c is moved
radially outward, the respective first engagement head 269a-c engages with the engagement

surface 272 of the actuator knob 266, and disengages from the brake surface 265 of the distal

23



10

15

20

25

30

WO 2006/135551 PCT/US2006/020553
selecfor guide 256* (See’FIG. 16B). In this position, rotation of the actuator knob 266 causes

the respective roller 268a-c to rotate as well. The respective second engagement head 270a-c

will be in contact with the respective receptacle 248, 250, 260, thereby causing rotation of the
respective lead screw 236, 238, 240.

The selector 254 has three positions. In a first position, corresponding to the paving
process, only the first roller 268a is biased outward by the selector to engage the actuator knob
266, while the other two rollers 268b-c are biased inward to the brake surface 265. In this
position, only the first lead screw 236 is rotated, while the second and third lead screws 238,
240 remain stationary. This results in retraction of the sheath 38 while maintaining the

inflation tube 34 and pusher tube 36 in place, thereby facilitating the paving process.

In a second selector position, corresponding to the separation process, both the first
roller 268a and the second roller 268b are biased outward by the selector 254 to engage the
actuator knob 266, while the third roller 268c is biased inward to the brake surface 265. In this
position, the first lead screw 236 and second lead screw 238 are rotated, while the third lead
screw 240 remains stationary. This results in retraction of the sheath 38 and pusher tube 36

while maintaining the inflation tube 34 in place, thereby facilitating the separation process.

In a third selector position, corresponding to the resetting process, both the first roller
268a and the second roller 268b are biased inward by the selector 254 to engage the brake
surface 265, while the third roller 268c¢ is biased outward to the actuator knob 266. In this
position, the first lead screw 236 and second lead screw 238 remain stationary , while the third
lead screw 240 rotates. This results in retraction of inflation tube 34 while maintaining the

sheath 38 and the pusher tube 36 in place, thereby facilitating the resetting process.

Advantageously, each of the three processes — paving, separating, and resetting — are
provided while rotating the actuator knob 266 in only a single direction.

Turning to FIGS. 17-19, another alternative embodiment of the handle 28 is illustrated.
In this further alternative embodiment, the handle 28 includes two lead screws 280, 281
supported within a housing 286 by a proximal bulkhead 282 and a distal bulkhead 283. A
threaded paving nut 284 is adapted to travel on the first lead screw 280, and a threaded
separation nut 285 is adapted to travel on the second lead screw 281. Although not shown in
FIG. 17, the paving nut 284 is attached to the sheath 38, and the separation nut 285 is attached
to the pusher tube 36, in a manner similar to that described above in relation to the other handle
embodiments.

A first receptacle 287 is fixed to the distal end of the first lead screw 280, and a second
receptacle 288 is fixed to the distal end of the second lead screw 281. A selector 289 is located
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between a distal Sélector guide 290 and a proximal selector guide 291. An actuator knob 292 is
rotatably attached to the distal end of the handle 28. The actuator knob 292 includes an outer
edge 293 that forms an outer engagement surface 294, and a central hub 295 that forms an
inner engagement surface. (See FIGS. 18A-B, 19A-B).

A first roller 296 extends between the first receptacle 287 and the actuator knob 292,

and a second roller 297 extends between the second receptacle 288 and the actuator knob 292.
The first roller 296 and second roller 297 are subject to being moved radially inward and
outward by rotation of the selector 289, in a manner similar to that described above in relation
to the preceding embodiment. For example, in FIGS. 18A and 18B, the first roller 296 is
biased radially outward such that it engages the outer engagement surface 294 of the actuator
knob 292, and the upper surface of the first receptacle 287. In this position, counter-clockwise
rotation of the actuator knob 292 produces counter-clockwise rotation of the first receptacle
287 and, hence, counterclockwise rotation of the first lead screw 280. On the other hand, in
FIGS. 19A and 19B, the first roller 296 is biased radially inward such that it engages the hub
295 of the actuator knob 292, and the lower surface of the first receptacle 287. In this position,
counter-clockwise rotation of the actuator knob 292 produces clockwise rotation of the first

receptacle 287 and, hence, clockwise rotation of the first lead screw 280.

Thus, adjusting the position of the first roller 296 and second roller 297 by rotating the
selector 289 will provide any desired combination of advancing and retracting movement of
the sheath 38 and the pusher tube 36 while rotating the actuator knob 292 in only a single
direction. Preferably, the selector 289 is provided with three positions. A first position,
corresponding to the paving process, includes having the first roller 296 in contact with thé
outer engagement surface 294 of the actuator knob, while the second roller 297 is not engaged
with any portion of the actuator knob 292. Rotation of the actuator knob 292 causes the sheath
38 to be retracted. A second position, corresponding with the separation process, includes
having both the first roller 296 and the second roller 297 in contact with the outer engagement
surface 294 of the actuator knob. Rotation of the actuator knob 292 causes both the sheath 38
and the pusher tube 36 to retract. Finally, a third position, corresponding with the resetting
process, includes having both the first roller 296 and the second roller 297 in contact with the
hub 295. Rotation of the actuator knob 292 causes both the sheath 38 and the pusher tube 36 to
advance. In each case, the actuator knob 292 is rotated in the same direction to perform the

process.

The various devices described herein are suitable for use in any suitable apparatus,
device, system, or method in which relative longitudinal motion of two or more device

components is desired. The devices are able to be applied to any number of components by
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providing an appropriate number of lead screws. The devices employ a beneficially ergonomic
design that provides single-handed actuation of both the selector and the actuator knob, and
that includes selector and actuator knob rotation around the same longitudinal axis. The design
allows manipulation of the actuator with the thumb and forefinger while gripping the device
with the other fingers. The device is preferably compact, streamlined, and does not include any
substantially protruding parts or features. The device may be readily motorized by
incorporating a servo-motor in place of the actuator knob. In addition, one or more sensors or
other signaling mechanisms may be incorporated in the catheter shaft to provide feedback
concerning the precise position of the interventional element during the paving, separation,

and/or resetting processes.

The preferred embodiments of the inventions that are the subject of this application are
described above in detail for the purpose of setting forth a complete disclosure and for the sake
of explanation and clarity. Those skilled in the art will envision other modifications within the
scope and spirit of the present disclosure. Such alternatives, additions, modifications, and
improvements may be made without departing from the scope of the present inventions, which

is defined by the claims.
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What is claimed is:
L. A catheter comprising:

an elongated catheter shaft having a distal end and a proximal end,

an interventional element at the distal end of the catheter shaft, the interventional
element having an adjustable length;

an actuator attached to the proximal end of the catheter shaft for adjusting the length of
the interventional element, said actuator having a longitudinal axis and including a rotatable
member operatively coupled to the catheter shaft, said rotatable member being rotatable around
the longitudinal axis of the actuator.
2. The catheter of claim 1, further comprising at least one lead screw configured to
operatively couple said rotatable member to said catheter shaft.
3. The catheter of claim 2, further comprising at least one threaded member configured to
operatively couple said at least one lead screw and said catheter shaft, said at least one threaded
member configured to travel axially along said at least one lead screw as the at least one lead
screw rotates.
4. The catheter of claim 2, further comprising at least one gear member configured to
operatively couple said rotatable member and said at least one lead screw such that rotation of
said rotatable member causes rotation of said at least one lead screw.
5. The catheter of claim 3, further comprising at least one gear member configured to
operatively couple said rotatable member and said at least one lead screw such that rotation of
said rotatable member causes rotation of said at least one lead screw.
6. The catheter of claim 2, further comprising at least one roller member configured to
operatively couple said rotatable member and said at least one lead screw such that rotation of
said rotatable member causes rotation of said at least one lead screw.
7. The catheter of claim 3, further comprising at least one roller member configured to
operatively couple said rotatable member and said at least one lead screw such that rotation of
said rotatable member causes rotation of said at least one lead screw.
8. The catheter of claim 1, further comprising

at least two lead screws configured to operatively couple said rotatable member to said
catheter shaft, and

a selector having a first setting in which a first of said at least two lead screws
operatively couples said rotatable member to said catheter shaft, and a second setting in which
a second of said at least two lead screws operatively couples said rotatable member to said

catheter shaft.
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9. The catheter of ¢lhith 8, wherein said selector is rotatably coupled to said actuator, said
selector being rotatable around the longitudinal axis of the actuator.

10.  The catheter of claim 9, wherein said first of said at least two lead screw operatively
couples said rotatable member to said catheter shaft when the selector is at its second setting.
11.  The catheter of claim 8, further comprising a first gear member configured to
operatively couple said rotatable member and said first lead screw such that rotation of said
rotatable member causes rotation of said first lead screw.

12.  The catheter of claim 3, wherein said catheter shaft comprises an inner shaft and an
outer shaft, said outer shaft being slidably disposed over said inner shaft.

13.  The catheter of claim 12, further comprising:

a first threaded member configured to operatively couple a first lead screw to said outer
shaft, said first threaded member configured to travel axially along said first lead screw as the
first lead screw rotates, and

a second threaded member configured to operatively couple a second lead screw to said
inner shaft, said second threaded member configured to travel axially along said second lead
screw as the at second lead screw rotates.

14, A method of using an interventional catheter at a target site in a patient’s body, the
method comprising:

positioning an interventional element of the interventional catheter near the target site, a
proximal portion of the interventional catheter being disposed outside the patient’s body;

rotating a rotatable member located on an actuator attached to the proximal portion of
the interventional catheter thereby causing retraction of a sheath to expose at least a portion of
said interventional element, said actuator having a longitudinal axis and said rotatable member
being rotatable around said longitudinal axis;

deploying the interventional element; and

rotating said rotatable member to cause advancement of said sheath.

15.  The method of claim 14, further comprising:

positioning a selector at a first setting corresponding with a first mode of operation.

16.  The method of claim 15, wherein said first mode of operation includes retracting said
sheath.

17.  The method of claim 16, further comprising:

positioning said selector at a second setting corresponding with a second mode of
operation.

18.  The method of claim 17 wherein said second mode of operation includes advancing

said sheath.
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19. The method of claim 15, wherein positioning said selector comprises rotating said

selector around the longitudinal axis of the actuator.
20.  The method of claim 14, wherein the rotatable member is rotated in the same direction

to withdraw the sheath as it is to advance the sheath.

21.  The method of claim 14, wherein the rotatable member is rotated in the opposite

direction to withdraw the sheath from the direction of rotation used to advance the sheath.
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