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DEVICES AND METHODS FOR CONTROLLING AND INDICATING
THE LENGTH OF AN INTERVENTIONAL ELEMENT

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Patent Application Serial No.
10/746,466 (Attorney Docket No. 021629-002200US), filed December 23, 2003, the full

disclosure of which is hereby incorporated by reference.
BACKGROUND OF THE INVENTION

[0002] 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.

[0003] 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 the blood supply to other vital tissues and organs.

[0004] 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.

[0005] 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.
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[0006] 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 is inflated to expand the stent into engagement with the vessel.

[0007] 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 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.

[0008] 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 of various

lengths.

[0009] 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.

[0010] 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
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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.

[0011] While such custom-length stents and angioplasty catheters have shown great
promise, there remains a need for improved ways of controlling and providing indication of
balloon and stent length in such devices. Conventional angioplasty and stenting procedures
rely upon the use of fluoroscopy to visualize the location and operation of catheters and
prostheses. However, fluoroscopy often fails to provide the clarity, resolution, and precision
that are required for the accurate control of stent or balloon length, which in many cases must
be controlled within a few millimeters. Moreover, even if visualization were adequate, the
user is left to control stent or balloon length by manually manipulating the associated

catheters, an operation not well-suited to highly precise control.

SUMMARY OF THE INVENTION
[0012] The invention provides devices and methods for controlling and indicating the
length of an interventional element on a medical device such as a catheter. The devices and
methods facilitate accurate control of the working or deployed length of an interventional
element by providing highly precise and ergonomic mechanisms for adjusting the length, and
by providing indication devices to give the user accurate indications of the length in real time.
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.

[0013] In a first aspect of the invention, 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; and an indication
device is disposed near the proximal end for indicating the length to a user. In an exemplary
embodiment, the interventional element comprises a balloon. A sheath is movably disposed
over the balloon and the actuator is coupled to the sheath to axially reposition 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.
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[0014] In a further embodiment, 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. In one embodiment, the actuator is coupled to a sheath
which 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.

[0015] In one embodiment, the actuator is movable through a distance correlated with the
length. For example, the actuator may be movable through a stroke, each stroke of the
actuator adjusting the length a predetermined amount. The actuator may also be configured
to allow the length to be adjusted in a first direction and prevent or limit the adjustment of
length in a second direction. For example, the actuator may comprise a ratchet mechanism
that allows the actuator to move in a first direction to increase the length of the interventional
element, but prevents the actuator from moving in the reverse direction to decrease the

length.

[0016] In some embodiments the indication device is coupled to the actuator. For example,
the indication device may comprise a stop that limits the movement of the actuator, thus
providing the user a tactile indication of the length. Alternatively, the indication device may
comprise a sensor that senses movement of the actuator. Further, the indication device may
comprise a visual indicator coupled to the actuator (or to a sensor associated with the
actuator) to provide a visual indication of the length of the interventional element based on

the actuator position.

[0017] The indication device may alternatively comprise a sensor that detects the length of
the interventional element. In one embodiment, the sensor may be disposed near the distal
end of the shaft and is coupled to an indicator at the proximal end, the indicator being a
display or other output device. The sensor may be mechanical, optical, magnetic, inductive,
or other suitable type for detecting the length of the interventional element. The output

device may provide a visual, audible, tactile, or other signal to the user.

[0018] In a further aspect, the indication device comprises a plurality of holes and a

movable detent associated with the shaft, each hole being configured to receive the detent,
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whereby adjusting the length moves the detent from one hole to another hole. As the detent
moves from one hole to the next, the reception of the detent in one of the holes provides a
tactile indication of the length of the interventional element. In embodiments where a sheath
is movably disposed over the shaft to adjust the length of a balloon, stent or other
interventional element, the detent or the holes may be disposed on the sheath such that axial

movement of the sheath moves the detent from hole to hole.

[0019] In a further aspect, the invention provides a stent delivery catheter comprising an
elongated flexible shaft having distal and proximal ends and a stent releasably mounted at the
distal end, a deployable portion of the stent being releasable from the catheter to assume an
expanded configuration, the deployable portion having a length. An actuator is disposed near
the proximal end for controlling the length of the deployable portion, and an indication
device is disposed on the catheter for indicating the length of the deployable portion to the

user.

[0020] In some embodiments the actuator is movable through a distance correlated with the
length of the portion of the stent to be deployed. For example, the actuator may be movable
through a stroke corresponding to a preselected length. This allows the actuator to be
actuated repeatedly to adjust the length of the stent to a desired multiple of the preselected
length. In exemplary embodiments the stent comprises a plurality of stent segments, and the

stroke corresponds to a segment length of one of the stent segments.

[0021] The invention contemplates various types of indication devices associated with the
catheter. In one embodiment, the indication device comprises a stop that limits the
movement of the actuator, thus providing a tactile indication of the length. The actuator or
ratchet mechanism may also be configured to emit an audible sound such as a click that
indicates the number of strokes or the distance through which the actuator has moved. The
indication device may also comprise a plurality of holes or slots and a movable detent, each
hole or slot being configured to receive the detent in a manner that can be felt by the user.
The indication device may also comprise a sensor for detecting the length of the
interventional element. The sensor may be disposed in various locations along the shaft of
the interventional device and is usually coupled to an indicator at the proximal end. The
sensor may be mechanical, optical, magnetic, inductive, or other suitable type. A display or
other output means may be associated with the sensor for providing a visual, audible, tactile,

or other indication of the length. The indication device may be configured to indicate a
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length of the deployable portion of the stent, the number of stent segments in the deployable
portion, the number of stent segments (or length of stent) remaining undeployed in the

catheter, and other information.

[0022] In embodiments in which the stent comprises a plurality of separable stent
segments, the actuator may be adapted to axially separate a first stent segment from a second
stent segment prior to expansion thereof. This allows the second segment to be expanded and
deployed without deploying or interfering with the first segment. In an exemplary
embodiment, the actuator has a first position in which it is movable for controlling the
number of stent segments in the deployable portion, and a second position in which it is

movable for controlling the separation between the first and second stent segments.

[0023] The invention further provides methods of using an interventional catheter at a
target site in a patient’s body. In a first aspect, the method comprises positioning an
interventional element of the interventional catheter near the target site with a proximal
portion of the interventional catheter being disposed outside the patient’s body. A working
length of the interventional element is then adjusted with the interventional element
remaining positioned in the patient’s body. An indication of the working length of the
interventional element is received from the proximal portion of the interventional catheter;

and, after receiving the indication, the interventional element is deployed.

[0024] In exemplary embodiments, the interventional element comprises a balloon, and
adjusting the working length comprises constraining a first portion of the balloon from
expansion while leaving a second portion of the balloon unconstrained from expansion.
Preferably, constraining a first portion of the balloon comprises covering the first portion of
the balloon by a sheath movably disposed on the interventional catheter. The indication of

the working length then comprises an indication of the length of the second portion.

[0025] In some embodiments, the sheath is coupled to an indicator, and the indication of
working length being received from the indicator, wherein moving the sheath changes the
indication received from the indicator. Receiving the indication of working length may
comprise observing a visual indication, hearing an audible indication, feeling a tangible
indication, or otherwise receiving a signal from the catheter indicative of the working length.
A visual indication may comprise one or more indicia displayed electronically, mechanically,
or otherwise on the proximal portion of the interventional catheter. A tactile indication of

working length may be received from a detent engaging a hole or other structure associated
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with the interventional catheter. An audible indication of working length may be received

from a clicker or other noise emitter associated with the actuator.

[0026] The method may further include, after deploying the interventional element,
positioning the interventional element near a second target site; adjusting the working length
of the interventional element to a second working length; receiving from the interventional
catheter a second indication of the second working length; and after receiving the second

indication, re-deploying the interventional element.

[0027] In a further aspect of the invention, a method of deploying a stent at a target site in a
patient’s body comprises positioning a distal end of a delivery catheter near the target site, the
stent being releasably coupled to the distal end, a proximal portion of the delivery catheter
being disposed outside the patient’s body; adjusting the length of a deployable portion of the
stent with the delivery catheter positioned in the patient’s body; receiving an indication of the
length from the proximal portion of the delivery catheter; and after receiving the indication,
deploying the deployable portion of the stent at the target site. The indicaﬁon of working

length may be received visually, audibly, tactilely, or in another humanly detectable manner.

[0028] Adjusting the length of the deployable portion may comprise moving an actuator
associated with the proximal portion of the delivery catheter through a distance correlated
with the length. For example the actuator may be movable through a stroke, each stroke of
the actuator adjusting the length a predetermined amount. The stent may comprise a plurality
of stent segments, and the stroke may then correspond to a segment length of one of the stent
segments. The indication device may comprise a stop that limits the movement of the

actuator, thus providing tactile indication of length.

[0029] The indication of the length may be received from an output device associated with
the proximal end of the catheter. The output device may be coupled to a sensor, and the
method further comprises detecting the length with the sensor. The sensor may be disposed
in any suitable location in the catheter, but in an exemplary embodiment is disposed near the
distal end of the delivery catheter in proximity to the stent. The sensor may detect the length
mechanically, optically, magnetically, inductively, or in other ways. In other embodiments,
the tactile indication is received from a detent engaging a hole associated with the delivery

catheter.

[0030] In some embodiments, the stent comprises separable stent segments, and adjusting

the length comprises constraining at least a first stent segment from expansion while leaving
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at least a second stent segment unconstrained from expansion. Adjusting the length may
comprise moving a sheath relative to the stent segments for selectively covering‘the first stent
segment and exposing the second stent segment. In such embodiments, the indication of
length may be correlated with the number of stent segments. Alternatively, the indication of

length may be correlated with movement of the sheath relative to the stent.

[0031] The method of the invention may further include axially separating the first stent
segment from the second stent segment prior to expansion thereof. Such separation may be
accomplished using an actuator associated with the proximal portion of the delivery catheter.
The actuator may be movable to a first position for controlling the number of stent segments
in the deployable portion and further movable to a second position for controlling the

separation between the first and second stent segments.

[0032] Further aspects of the nature and advantages of the invention will be appreciated

from the following detailed description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033] Fig. 11is aside partial cutaway view of a stent delivery catheter according to the

invention with the sheath retracted and expandable member in an expanded configuration.

[0034] Figs. 2A-2B are side views of the stent delivery catheter of Fig. 1 with the distal
portion in cross-section showing the expandable member in unexpanded and expanded

configurations, respectively.

[0035] Fig. 3 is a side cross-sectional view of a portion of the shaft of the stent delivery

catheter of the invention in a further embodiment thereof.

[0036] Fig. 4A is a side cross section of a distal portion of the post in the handle of the stent

delivery catheter of the invention in another embodiment thereof.
[0037] Fig. 4B is a transverse cross section of the post of Fig. 4A.

[0038] Fig. 5A is a side cross section of the post of the handle of the stent delivery catheter

of the invention in a further embodiment thereof.
[0039] Fig. 5B is a transverse cross section of the post of Fig. 5A.

[0040] Fig. 5C is a top elevational view of a clip within the post of Fig. SA.
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[0041] Fig. 6A is a side cutaway view of the handle of the stent delivery catheter of Fig. 1

with the lever in a down position.
[0042] Fig. 6B is a bottom cutaway view of the handle of Fig. 6A.

[0043] Fig. 7A is a side cutaway view of the handle of the stent delivery catheter of Fig. 1

with the lever in an up position.
[0044] Fig. 7B is a bottom cutaway view of the handle of Fig. 7A.

[0045] Figs. 8A-8B are side elevational views of the handle of the stent delivery catheter of

Fig. 1 showing the sheath in unretracted and retracted positions, respectively.

[0046] Fig. 8C is a side elevational view of a further embodiment of a handle in the stent

delivery catheter of the invention.

[0047] Figs. 9A-9B are side elevational views of a further embodiment of the handle of the
stent delivery catheter of the invention showing the lever in down and up positions,

respectively.

[0048] Figs. 10A-10B and 10C-10D are oblique and transverse cross-sectional views,
respectively, of the interior of the handle of Figs. 9A-9B.

[0049] Figs. 11A-11B are oblique views of the interior of a further embodiment of a handle

in the stent delivery catheter of the invention.

[0050] Figs 12A-12B, 13, and 14 are side cross-sectional views of a distal portion of a stent
delivery catheter according to the invention in a further embodiment thereof showing

alternative sensory devices.

[0051] Fig. 15A is a side cutaway view of the handle of the stent delivery catheter of the

invention in yet another embodiment thereof.
[0052] Fig. 15B is a side elevational view of the handle of Fig. 15A.
[0053] Fig. 15C is a bottom cutaway view of the handle of Fig. 15A.

[0054] Fig. 16 is an oblique view of the internal components of the handle of the stent

delivery catheter of the invention in still another embodiment thereof.

[0055] Fig. 17 is a cutaway view of the interior of the handle of a stent delivery catheter

according to the invention in a further embodiment thereof.
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[0056] Fig. 18A is a cutaway view of the handle of a stent delivery catheter according to

the invention in yet another embodiment thereof.
[0057] Fig. 18B is a close-up view of a portion of the handle of Fig. 18A.

[0058] Fig. 18C is an oblique view of the actuator knob of the handle of Fig. 18A.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS
[0059] The invention provides devices and methods for manipulation of interventional
catheters with greater control, precision, and visibility. In one aspect, the devices and
methods of the invention facilitate controlling the working length of an interventional
element on a catheter and indicating the working length to the user. 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 for use in various parts of the body, wherever highly precise

catheter manipulation and control and visibility of working length may be desirable.

[0060] Referring to Fig. 1, in a first embodiment of the invention, a stent delivery catheter
20 comprises an elongate flexible shaft 22 having a proximal end 24 and a distal end 26.
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 mounted to sheath 38 at proximal end 24. Near
distal end 26, expandable member 30, shown in an expanded configuration, is mounted at its
proximal end to inflation shaft 34. A guidewire tube 40 extends through a port 42 in sheath
38 and extends through the interior of expandable member 30 to distal end 26. Expandable
member 30 is attached at its distal end to guidewire tube 40, and a nosecone 32 is mounted to
guidewire tube 40 distally of expandable member 30. A guidewire 44 is slidably positionable
through guidewire tube 40 and nosecone 32 to facilitate guidance of catheter 20 through the

vasculature.

[0061] A plurality of stent segments 46 are slidably positioned over expandable member
30. Pusher 36 is axially slidable relative to inflation shaft 34 and engages stent segments 46
at its distal end 48. Pusher 36 may be pushed distally to advance stent segments 46 over
expandable member 30, or pusher 36 may be held in a stationary position while expandable

member 30 is drawn proximally relative to stent segments 46. Sheath 38 is axially movable

10
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relative to expandable member 30, pusher 36, and stent segments 46. Sheath 38 may be
repositioned proximally or distally to selectively expose a desired length of the expandable
member and stent segments thereon according to the length of the lesion to be treated.
Sheath 38 and pusher 36 may be drawn proximally in tandem relative to expandable member
30 to separate stent segments 46 exposed distally of sheath 38 from stent segments 46 held
within sheath 38. Various other aspects of the construction of delivery catheter 20 and stent
segments 46 are described in copending application Serial No. 10/637,713, filed August 8,
2003 (Attorney Docket No. 21629-000340), which has been incorporated herein by

reference.

[0062] A stent valve 50 is mounted to the interior of sheath 38 and is preferably spaced
proximally from the distal end 52 of sheath 38 a distance equal to the length o-f about ¥2-1
stent segment. Stent valve 50 comprises an annular ridge configured to frictionally engage
stent segments 46 to facilitate control of the spacing between those segments to be deployed
distally of sheath 38 and those to be retained within sheath 38. Stent valve 50 may also
comprise any of the structures described in copending application Serial No. 10/412,714,
filed April 10, 2003, Attorney Docket No. 21629-000330, which is incorporated herein by

reference.

[0063] Handle 28 includes an actuator knob 54 rotatably coupled thereto. A post 56 is
mounted to handle 28 so as to be extendable distally out of the handle and retractable
proximally into the handle. Sheath 39 is attached to post 56. Rotation of actuator knob 54
extends or retracts post 56, thereby moving sheath 38 relative to expandable member 30. A
lever 58 is pivotably coupled to handle 28 and is movable between a first position in which
rotation of actuator knob 54 moves only sheath 38, and a second position in which rotation of
actuator knob 54 moves both sheath 38 and pusher 36 relative to expandable member 30, as
described more fully below.

[0064] A plurality of indicia 60 are disposed on post 56. Indicia 60 comprise alphanumeric
symbols or other appropriate indicators of the length of expandable member exposed distally
of sheath 38 and/or the number or length of stent segments 46 exposed for deployment. As
described more fully below, a pointer or other reference object may be used that points to the
appropriate location among indicia 60 corresponding to the number or length of stent

segments 46 that have been exposed; preferably such pointer is adapted to compensate for

11
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retraction of sheath 38 in tandem with pusher 36, during which additional stent segments are

not exposed distally of sheath 38, as described more fully below.

[0065] A luer fitting 62 is mounted to a proximal end of handle 28 and is in fluid
communication with an inflation lumen (not shown in Fig. 1) in inflation shaft 34. Luer
fitting 62 is adapted for coupling to an inflation device to enable delivery of inflation fluid
into expandable member 30, for example, an Indeflator™ inflation device available from

Guidant Corp. of Santa Clara, California.

[0066] Referring to Figs. 2A-2B, delivery catheter 20 includes a device for providing a
tactile indication of the number of stent segments 46 exposed from sheath 38 in addition to
the visual indication provided by indicia 60. In this embodiment, the indication device
consists of a detent 66 extending inwardly from the inner wall of sheath 38, and a series of
slots 68 arranged axially at spaced-apart locations on pusher 36. Detent 66 and slots 68 may
be located in a distal portion of delivery catheter 20 just proximal to expandable member 30,
in a middle portion of the catheter proximal to guidewire port 42, or near the proximal end 24
distally of or within post 56 or handle 28. Detent 66 is preferably a cantilevered extension
integrally formed with sheath 38, being cut, for example, out of the wall of sheath 38, and is
resiliently deflectable and biased toward pusher 36. Detent 66 may alternatively be a bump
or ridge on the inner wall of sheath 38 configured to engage slots 68. Slots 68 may be holes,
apertures, depressions, recesses, ridges, bumps or any other suitable structure for receiving or
catching on detent 66. The spacing of slots 68 is selected to provide an indication of the
distance that sheath 38 is translated relative to pusher 36. In a preferred embodiment, the
spacing is equal to the length of 1 stent segment 46, although 4, twice, or other known
fraction or multiple of the length of a stent segment 46 are also possible. As sheath 38 is
retracted proximally relative to pusher 36, detent 66 catches in each slot, providing a tactile
“bump” that can be felt through handle 28. In this way, as knob 54 is turned to retract sheath
38, the user knows that each bump corresponds to the length of one stent segment, meaning
that one stent segment has been exposed distally of sheath 38 with each bump. By feeling
such bumps and by observing indicia 60, the user can precisely retract the sheath to expose
the number of stent segments needed to match the length of the lesion being treated, as

illustrated in Fig. 2B.

[0067] In a further embodiment, illustrated in Fig. 3, delivery catheter 20 further includes a

device for providing a tactile indication of the distance that both sheath 38 and pusher 36 are
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retracted in tandem relative to expandable member 30. In this embodiment, a second detent
70 is disposed on the outer wall of inflation shaft 34 and extends outwardly to engage a series
of axially spaced slots 72 in pusher 36. Detent 70 and slots 72 may be constructed similarly
to detent 66 and slots 68 described above, and may be located in a distal, middle, or proximal
portion of delivery catheter 20. The spacing of slots 72 is selected to provide the user with an
indication of the distance that pusher 36 is retracted relative to the expandable member 30.
For example, after sheath 38 has been retracted relative to pusher 36 and expandable member
30 so as to expose a desired number of stent segments, the user may wish to create separation
between the stent segments 46 exposed distally of sheath 38 and those stent segments 46
remaining within sheath 38. This is accomplished by retracting both sheath 38 and pusher 36
in tandem, wherein detent 66 is stationary relative to slots 68. As sheath 38 and pusher 36 are
retracted, detent 70 moves from one slot 72 to another, providing a tactile “bump” that can be
felt through handle 28. The currently preferred separation distance is about %2-1 times the
length of one stent segment 46. Thus, with slots 72 spaced apart a distance of % stent
segment, after exposing the desired number of stent segments, the user can retract pusher 36

and sheath 38 one or two “bumps” to create the desired separation.

[0068] Figs 4A-4B and 5A-5C illustrate alternative embodiments of a detent for providing
a tactile indication of the degree of sheath retraction to the user. In Figs. 4A-4B, a detent 74
is located within a block 76 at the distal end of post 56 on handle 28. An axial passage 78
extends through post 56 and block 76. At the distal end of axial passage 78, sheath 38 is
fixed to block 76 by adhesive, set screw, or other suitable means of attachment. Pusher 36
extends slidably through passage 78. A bullet 80 is fixed within passage 78 and has an
interior lumen 82 of sufficient size that pusher 36 is slidable therein. A detent pin 84 is
disposed transversely through bullet 80 and cuts through lumen 82 along an upper edge
thereof, as seen in Fig. 4B. Pusher 36 has a series of transverse slots 86 in axially-spaced
locations aligned with detent pin 84. In this way, as sheath 38 is retracted relative to pusher
36, detent pin 84 engages and seats in each slot 86, allowing the user to feel a bump as each

slot is engaged.

[0069] In the embodiment of Figs. SA-5C, detent 74 is again located within block 76 at the
distal end of post 56. In this embodiment, however, detent 74 comprises a C-shaped clip 88

disposed within an annular channel 89 in bullet 80. C-shaped clip 88 is a fairly hard, resilient
material such as nickel titanium alloy or other suitable metal or polymer. C-shaped clip 88 is

positioned so as to cut through lumen 82 along an upper edge thereof in alignment with slots
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86 on pusher 36. Again, as sheath 38 is retracted relative to pusher 36 C-shaped clip 88
engages and seats within each slot 86, providing tactile feedback to the user as to the degree

of sheath retraction and number of stent segments 46 exposed distally thereof for deployment.

[0070] Figs. 6A-B and 7A-B illustrate the interior of handle 28 with lever 58 in “down”
and “up” positions, respectively. Handle 28 has a housing 90 having an ergonomic shape
designed for gripping in one hand. Actuator knob 54 is rotatably coupled to housing 90 in a
location suitable for engagement with the user’s thumb or forefinger. Post 56 extends
slidably through the distal end of housing 90 and has a rack 92 disposed on an upper surface
thereof. A pinion gear 96 is mounted to actuator knob 54 for rotation therewith. Pinion gear
96 engages rack 92 such that rotation of actuator knob 54 translates post 56, along with

sheath 38 mounted thereto, distally or proximally relative to handle 28.

[0071] Pusher 36 extends slidably through post 56 as described above and is fixed at its
proximal end to a puck 98. Puck 98 is pivotably coupled to a brake 100, which is slidably
mounted to a rail 102. Rail 102 is coupled to lever 58 at its proximal end and to a hinge 104
at its distal end such that movement of lever 58 from the down position of Figs. 6A-B to the
up position of Figs. 7A-B rotates rail 10;2-a-10ng with brake 100 about an axis A. Springs 106

at each end of rail 102 bias lever 58 toward the up and down positions.

[0072] Brake 100 has a plurality of teeth 108, 110 along opposing lateral edges thereof, as
seen in Fig. 6B. A brake rack 112 is mounted to the inner surface of housing 90 and has a
series of teeth configured to engage teeth 108 of brake 100. When lever 58 is in the down
position of Figs. 6A-B, teeth 108 engage brake rack 112, thus holding pusher 36 in a
stationary position relative to handle 28. In this way, as knob 54 is rotated, sheath 38 is
retracted relative to both pusher 36 and inflation shaft 34 to expose stent segments 46 on

expandable member 30 distally of sheath 38.

[0073] Referring to Figs. 7A-B, a coupling rack 114 is disposed on a lower surface of post
48 and has a plurality of teeth configured to engage teeth 110 on brake 100. With lever 58 in
the up position, teeth 108 on brake 100 are disengaged from brake rack 112 and teeth 110
(not visible in Figs. 7A-B) are engaged with coupling rack 114. This allows pusher 36 to
move in tandem with post 56 and sheath 38. In this manner, rotation of actuator knob 54
retracts both sheath 38 and pusher 36 relative to inflation shaft 34, allowing separation to be
created between stent segments 46 exposed distally of sheath 38 and those stent segments 38

retained within sheath 38.
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[0074] Referring now to Figs. 8A-8B, visual indication devices for indicating the extent of
sheath retraction or the number of stent segments exposed from sheath 38 will be described.
In a preferred embodiment, post 56 has an axial slot or window 118 disposed lengthwise
thereon. Indicia 60 are applied to post 56 adjacent to window 118 or on a translucent cover
over window 118. An indicator 120 of contrasting color is mounted to pusher 36 within post
56 in alignment with window 118. In this way, as post 56 is retracted relative to pusher 36,
indicia 60 move relative to indicator 120. In a preferred embodiment, indicia 60 comprise
numbers corresponding to the number of stent segments 46 carried by delivery catheter 20.
The indicator 120 may be configured to point to the number of stent segments 46 exposed for
deployment as sheath 38 is retracted. Alternatively, indicator 120 may be configured to point
to the number of stent segments 46 remaining within sheath 38. It should further be noted
that when lever 58 is moved to the up position of Fig. 8B, wherein sheath 38 and pusher 36
move in tandem, indicator 120 remains stationary relative to indicia 60 so that the process of
creating separation between stent segments 46 does not alter the indication of the number of

stent segments being deployed.

[0075] Fig. 8C-illustrates another embodiment of visual indicators on post 56. As in the .
embodiment of Figs. 8A-B, an axial slot 119 is disposed in post 56 to expose an indicator bar
121, which is fixed to pusher 36 and is movable relative to post 56. A first series of indicia
123 are disposed on post 56 adjacent slot 119. As stent segments 46 are exposed and
deployed, indicator bar 121 moves relative to first indicia 123 to indicate the number of stent
segments 46 remaining within sheath 38. A second set of indicia 125 are disposed on post 56
on the opposite side of slot 119 from first indicia 123 and move with post 56 relative to a
reference point fixed relative to handle 28. In an exemplary embodiment, the reference point
is the distal edge 127 of handle 28. As sheath 38 is retracted, second indicia 125 indicate the
length or number of stent segments 46 being exposed distally of sheath 38.

[0076] In an alternative embodiment, illustrated in Figs. 9A-B, a window 122 is disposed in
handle 28, with indicia 60 applied adjacent to window 122 or to a translucent cover thereon.
An indicator 124 is mounted to post 56 within handle 28 and is visible through window 122
when lever 58 is in the down position of Fig. 9A. Retraction of post 56 thus moves indicator
124 relative to indicia 60. Following sheath retraction, when separation is to be created
between stent segments 46, lever 58 is moved to an up position as in Fig. 9B and indicator
124 is no longer visible through window 122. As shown in Figs. 10A-10D, indicator 124 is

mounted to an angled arm 126 pivotably coupled to an axle 128 aligned with the axis of
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rotation of lever 58. As lever 58 is pivoted to its up position as in Figs. 10B and 10D, rail
102 engages arm 126 and pivots indicator 124 laterally, thereby displacing it from window
122. When lever 58 is returned to the down position as in Figs. 10A and 10C, rail 102 again
engages arm 126 and returns indicator 124 to a position in which it is visible through window

122.

[0077] In a further embodiment, stent delivery catheter 20 includes a ratchet mechanism
serving to provide an audible and/or tangible indication of sheath retraction, as well as to
limit travel of the sheath to a single direction (e.g. proximal). Preferably the ratchet may be
selectively enabled, so that the ratchet is engaged when sheath 38 is retracted relative to
pusher 36, but is disengaged when sheath 38 and pusher 36 are retracted together relative to
expandable member 30. In an exemplary embodiment, illustrated in Figs. 11A-11B, a ratchet
frame 130 is mounted to hinge 104, which, as described above with reference to Fig. 6-7, is
coupled to rail 102 and pivots therewith when lever 58 is actuated. Ratchet frame 130 has a
pawl 132 configured to engage a rack 134 on post 56. Rack 134 has a series of stepped teeth
136 oriented so as to be slidable proximally relative to pawl 132, but in the distal direction
pawl 132 engages the vertical trailing edges of teeth 136 to stop distal movement. Pawl 132
is flexible and resilient so as to ride up over each tooth and spring back at the vertical trailing
edge, making an audible and tangible “click.” When lever 58 is in the down position of Figs.
6A-6B so as to lock pusher 36 relative to handle 28, hinge 104 is disposed in the position
shown in Fig. 11A, urging pawl 132 into engagement with rack 134. This limits sheath
movement to the proximal direction and causes pawl 132 to create an audible and tangible
indication of sheath retraction. When lever 58 is flipped to the “up” position of Figs. 7A-7B
wherein pusher 36 becomes fixed relative to sheath 38, ratchet frame 130 pivots with hinge
104 away from post 56, disengaging pawl 132 from rack 134, as shown in Fig. 11B. This
allows the user to adjust the separation distance of exposed stents segments relative to
unexposed stent segments without restriction on the movement of sheath 38 and pusher 36. It
will be understood that the ratchet mechanism described above is only exemplary and
mechanisms of various types and at various locations in stent delivery catheter 20 are
possible. For example, a circular rack of stepped teeth could be coupled to knob 54, and a
pawl could be mounted within handle 28 so as to engage the rack as knob 54 is rotated, as

described more fully below.

[0078] The interventional catheters of the invention may further include sensory devices for

detecting the relative positions of catheter components, the length of balloon or stent exposed
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for deployment, the number of stent segments exposed, and other parameters. In a first
embodiment illustrated in Fig. 12A, a sensor 140 is mounted to the inner wall of sheath 138
and is adapted to detect its position relative to inflation shaft 34 and/or pusher 36. Sensor 140
may be any of various types, but in one embodiment comprises an optical encoder capable of
detecting a series of marks or lines 142 disposed on the outer surface of inflation shaft 34
(alternatively such marks could be placed on the outside of pusher 36). Sensor 140 includes a
wire 144 extending proximally through sheath 38 into handle 28, where it may be coupled to
an appropriate power supply and output device for displaying the detected position.
Alternatively sensor 140 may be wireless and may transmit signals via radio waves, infrared
signals, or other suitable manner. Various types of suitable optical encoders are available,
including those described in US Patent No. 5,965,879, which is incorporated herein by
reference. Alternatively, sensor 140 could be a magnetic or inductive sensor and a series of

ferromagnetic stripes or bands could be applied to pusher 36 in place of marks 142.

[0079] It should be noted that sensor 140 may be placed in virtually any location along the
extremity of delivery catheter 20 from handle 28 to expandable member 30. Preferably,
however, sensor 140 is located near the distal end of delivery catheter 20. This has the
advantage of providing a precise indication of the actual displacement of sheath 38 near the
distal end, without distortion as a result of the stretching or compression of sheath 38, pusher
36, or inflation shaft 34. In another configuration, illustrated in Fig. 12B, sensor 140 is
mounted near the distal end 52 of sheath 38. Sensor 140 is adapted for detecting each stent
segment 46 or each strut within stent segments 46 as sheath 38 is retracted past each segment.
For example, sensor 140 may be an optical encoder capable of detecting and counting the
struts of each stent segment or suitable markings on each stent segment. As another
alternative, a series of opaque or reflective marks may be applied to expandable member 30,
stent segments 46, or guidewire tube 40 that can be optically detected by sensor 140 as sheath

38 is retracted.

[0080] In a further embodiment, illustrated in Fig. 13, a sensor 146 is mounted to the inner
wall of sheath 38 near its distal end 52. Sensor 146 may be any of a variety of types suitable
for sensing the displacement of sheath 38 relative to stent segments 46, expandable member
30, or guidewire tube 40. For example, sensor 146 may be a magnetic sensor, and a plurality
of magnetic bands 148 may be mounted to guidewire tube 40 within expandable member 30.
As sheath 38 is retracted relative to guidewire tube 40, sensor 146 detects each magnetic band

148, which may be spaced apart a known distance such as the length of one stent segment 46.
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A wire 150 extends from sensor 146 proximally through sheath 38 to handle 28, where it is
coupled to a suitable power supply, processor, and output display (or sensor 146 could be
wireless). The output display (or audible output device) may display the number of stent
segments, the length of stent segments, or the length of expandable member 30 that has been
exposed distally of sheath 38.

[0081] In another embodiment, illustrated in Fig. 14, a displacement sensor 150 is mounted
to sheath 38 just proximal to port 42 through which guidewire tube 40 extends. Displacement
sensor 150 may be a draw-wire displacement sensor (or so-called “electronic tape measure”)
that has an extendable wire 152 biased to retract into a housing 154 (see for example,

www.micro-epsilon.com). Wire 152 extends through a hole 153 in guidewire tube 40 and

passes slidably through guidewire tube 40 into nosecone 32. Wire 152 has an anchor 155 at
its distal end that is fixed to nosecone 32. As sheath 38 is retracted, wire 152 is extended
from housing 154. An encoder within housing 154 (not shown) detects the length of wire
that has been drawn out (or the number of rotations of a spool around which the wire is
wound). A conductor wire 156 extends proximally into handle 28 and is coupled to an
appropriate pbwer supply, processor, and output display. The exact displacement of sheath
38 relative to nosecone 32 (and expandable member 30) is thus detected and indicated to the
user. Of course, displacment sensor 150 may be mounted at any suitable location along stent
delivery catheter 20, including within handle 28, and may be adapted to detect the
displacement of any of the various movable components including sheath 38, pusher 36,

inflation shaft 34, or stent segments 46.

[0082] Figs. 15A-15C illustrate still another embodiment of a stent delivery catheter
according to the invention. In this embodiment, handle 28 is constructed in the manner
described above except in place of actuator knob 54, a motor 160 is mounted to housing 90.
Motor 160 may be a stepper, servo, or other suitable motor of appropriate size and delivering
the necessary level of torque, speed, and power. A drive shaft 162 of motor 160 is coupled to
pinion gear 96. Motor 160 is coupled to a switch 164 and a power supply such as a battery
(not shown). In addition, motor 160 includes an encoder (not shown) that detects the degree
of rotation of drive shaft 162. The encoder may be coupled to a processor 166 and an output
display 168 that is visible through handle housing 90. In this way, motor 160 may be
actuated using switch 164 to rotate pinion gear 96 and thereby retract post 56 and sheath 38.
The user can view the amount of retraction (by either number of stent segments or their

length) on display 168. Preferably switch 164 may be actuated in two directions so as to
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move motor 160 either forward or backward, thus allowing precise control of the position of

sheath 38.

[0083] In a preferred embodiment, switch 164 is adapted to enable the user to select the
desired amount of sheath retraction, whereupon motor 160 will automatically retract sheath
38 the appropriate amount. For example, switch 164 could be pressed once to retract the
sheath the length of one stent segment, twice for two stent segments, etc. Alternatively, a dial
or sliding switch could be used so that various switch positions or the degree of switch
displacement corresponded to the desired amount of retraction. In these embodiments, motor
160 could include a feedback loop from its encoder so that motor 160 automatically rotated

drive shaft 162 the amount needed to achieve the desired degree of sheath retraction.

[0084] Fig. 16 illustrates a further embodiment of a stent or balloon length indication
device according to the invention. The figure illustrates the internal components of handle 28
with handle housing 90 removed, including post 56 to which sheath 38 (not shown) is fixed,
brake 100 to which pusher 36 (not shown) is fixed, ratchet frame 130 and pawl 132 that
engages rack 134, and actuator knob 54 that drives post 56 distally and proximally. In this
embodiment, brake 100 is plvotably coupled to a detent block 170 by an axle 172 extending
between ratchet frame 130 and lever 58. Detent block 170 and brake 100 are slidable along
axle 172 relative to post 56 to enable positioning of pusher 36 relative to sheath 38. A series
of detent slots 174 are disposed in an axial line along the lateral side of post 56 proximal to
rack 134. A threaded hole 176 extends through detent block 170 and is configured to receive
a detent ball (not shown) sized to engage detent slots 174. A spring (not shown) is inserted
in hole 176 behind the detent ball to urge it toward detent slots 174, and a threaded set screw
(not shown) is then threaded into hole 176 to hold the spring and detent ball in place. As
detent block 170 moves axially relative to post 56, the detent ball engages each detent slot
174 producing an audible click and/or tangible bump detectable by the user. The spacing
between each detent slot 174 is selected to be a known distance, e.g., the length of one stent
segment 46 or a multiple or fraction thereof. In this way, as the user retracts sheath 38
relative to pusher 36 (and expandable member 30), the user receives an audible or tangible
indication of the length of balloon, the length of stent, or the number of stent segments

exposed for deployment.

[0085] It will be understood that detents and similar features to provide tactile feedback to

the user as the length of the interventional element (stent, balloon, etc.) is adjusted may be
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positioned in various places in the handle or shafts of the interventional catheters of the
invention. In still another embodiment, not illustrated, a series of detent holes may be
positioned in a circular pattern on the underside of knob 54, and a spring-loaded ball plunger
may be mounted to handle 28 in alignment with the detent holes so as to be received therein
as knob 54 is rotated. In this way, the user will feel a “bump” or “click” each time the ball
plunger engages one of the detent holes. Again, the spacing of the detent holes may be
selected to correspond with a known distance such as the length of one of stent segments 46
to provide an indication of the length of the interventional element as it is exposed for

deployment.

[0086] Figure 17 illustrates a further embodiment of the invention employing an actuator
180 having a limited stroke such that each actuation exposes a preselected length of a
balloon, stent or other interventional element. Actuator 180 comprises a trigger 182
pivotably coupled to handle housing 90. A ratchet wheel 184 is fixed to trigger 182 so as to
rotate therewith, and has a plurality of pawls 186 extending outwardly therefrom. Pawls 186
are resiliently deflectable radially inwardly. A spring 190 extending between trigger 182 and
block 192 on handle housing 90 biases trigger 182 distally. A stop 194 on handle housing 90
limits the proximal motion of trigger 182. A lower gear 196 is concentrically mounted over
ratchet wheel 184 and has inner one-way teeth 198 and outer teeth 200. An upper gear 201 is
rotatably mounted to handle housing 90 and has teeth 202 engaged by outer teeth 200. Teeth
202 mate with rack 92 on post 56 (which is coupled to sheath 38, not shown).

[0087] In operation, trigger 182 is pulled proximally by the user, thereby rotating ratchet
wheel 184. Pawls 188 engage inner one-way teeth 198, turning lower gear 196 in a counter-
clockwise direction. Outer teeth 200 engage teeth 202, turning upper gear 201 in a clockwise
direction, thereby moving post 56 in a proximal direction relative to handle housing 90. This
retracts sheath 38 relative to inflation shaft 34, exposing stent segments 46. The location of
stop 194 can be selected so that each stroke of trigger 182 exposes a desired length of balloon
or stent. For example, each trigger stroke may correspond to the length of one stent segment
46, allowing the user to actuate the trigger once for each stent segment s/he wishes to deploy.
When trigger 182 is released, spring 190 pulls it back in the distal direction and pawls 188 are
deflected and slide over inner one-way teeth 198 so that post 56 and sheath 38 remain in the

retracted position.
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[0088] A further embodiment of a ratchet mechanism for one-way deployment of an
interventional element according to the invention is illustrated in Figs. 18A-18C. In this
embodiment, a pawl 206 is mounted to handle housing 90 and has a tooth 208 that engages a
rack 210 on the underside of knob 54. Pawl 206 has a flat base 212 mounted to handle
housing 90 and a resilient inclined extension 214 to which tooth 208 is mounted. Rack 210
has one-way teeth 211 that allow tooth 208 to slide over them as knob 54 is rotated in a first
direction, but that engage tooth 208 and prevent rotation in the opposite direction. A
camming bar 216 is mounted over pawl 206 and is axially slidable relative thereto. A thumb
pad 218 is mounted to the proximal end of camming bar 216. By exerting distal pressure on
thumb pad 218, camming bar 216 slides distally, engaging inclined extension 214 and
pushing it downward relative to knob 54. This disengages tooth 208 from rack 210. By
retracting camming bar 216, inclined extension 214 recoils toward knob 54 so that tooth 208

again engages rack 210.

[0089] It will be understood that various types of mechanisms may be used to provide one-

way actuation in the interventional catheter of the invention. In another exemplary

embodimeht, not illustrated, a unidirectional roller clutch may be used to couple knob 54 to _

pinion gear 96 (or to a shaft fixed thereto). Such a roller clutch transmits torque in a first
direction while overrunning freely in the opposite direction. In this way, when rotated in a
first direction knob 54 turns pinion gear 96 thereby retracting sheath 38, but when rotated in
the opposite direction knob 54 turns freely without turning pinion gear 96. Suitable

unidirectional roller clutches are available from, e.g., Stock Drive Products, www.sdp-si.com.

[0090] While the above is a complete description of the preferred embodiments of the
invention, it will be appreciated that various alternatives, modifications, additions and
substitutions are possible without departing from the scope of the invention, which is defined

by the claims.
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What is claimed is:

1. A catheter comprising:

an elongated flexible shaft having a distal end and a proximal end;

an interventional element at the distal end, the interventional element having
an adjustable length,

an actuator at the proximal end for adjusting the length of the interventional
element; and

an indication device at the proximal end for indicating the length.

2. The catheter of claim 1 wherein the interventional element comprises a

balloon.

3. The catheter of claim 2 further comprising a sheath slidably disposed
over the balloon, actuator being coupled to the sheath to axially reposition the sheath relative

to the balloon.

4. The catheter of claim 1 wherein the interventional element comprises a

stent releasably coupled to the shaft.

5. The catheter of claim 4 wherein 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 coupled to the shaft.

6. The catheter of claim 1 wherein the actuator is movable through a

distance correlated with the length.

7 The catheter of claim 1 wherein the actuator is movable through a

stroke, each stroke of the actuator adjusting the length a predetermined amount.

8. The catheter of claim 1 wherein the indication device comprises a stop

that limits the movement of the actuator.

9. The catheter of claim 1 wherein the indication device comprises a

sensor for detecting the length of the interventional element.
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10.  The catheter of claim 9 wherein the sensor is disposed near a distal end

of the shaft, the sensor being coupled to an indicator at the proximal end.
11 The catheter of claim 9 wherein the sensor is optical.
12.  The catheter of claim 9 wherein the sensor is magnetic.

13.  The catheter of claim 9 further comprising a display associated with

the sensor for displaying an indication of the length.

14.  The catheter of claim 1 wherein the indication device provides a visual

indication of the length.

15. The catheter of claim 1 wherein the indication device emits an audible

indication of the length.

16.  The catheter of claim 1 wherein the indication device provides a tactile

indication of the length.

17.  The catheter of claim 1 wherein the indication device comprises a
plurality of holes and a movable detent, each hole being configured to receive the detent,

whereby adjusting the length moves the detent from one hole to another hole.

18.  The catheter of claim 17 wherein the reception of the detent in one of

the holes provides a tactile indication of the length of the interventional element.

19.  The catheter of claim 1 wherein the actuator comprises a ratchet
mechanism that allows adjustment of the length in a first direction and prevents adjustment of

the length in a second direction.

20. A catheter comprising:

an elongated flexible shaft having a distal end a proximal end;

an expandable member mounted at the distal end of the shaft, the expandable
member being expandable to an expanded configuration having an expanded length;

a sheath axially movable relative to the shaft and being positionable around at

least a portion of the expandable member to restrain the expansion thereof;

23



WO 2005/065200 PCT/US2004/042208

an actuator at the proximal end for controlling the position of the sheath
relative to the expandable member to adjust the expanded length; and

an indication device on the catheter for indicating the expanded length.

21.  The catheter of claim 20 further comprising at least one stent

releasably positioned over the expandable member.

22.  The catheter of claim 21 wherein 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 coupled to the shaft.

23.  The catheter of claim 20 wherein the actuator is movable through a

distance correlated with the expandable length.

24.  The catheter of claim 20 wherein the actuator is movable through a

stroke, each stroke of the actuator adjusting the expandable length a predetermined amount.

25.  The catheter of claim 20 wherein the indication device comprises a

sfop that limits the movement of the actuator.

26.  The catheter of claim 20 wherein the indication device comprises a

sensor for detecting the length of the interventional element.

27.  The catheter of claim 26 wherein the sensor is disposed near a distal

end of the shaft, the sensor being coupled to an indicator at the proximal end.
28.  The catheter of claim 26 wherein the sensor is optical
29.  The catheter of claim 26 wherein the sensor is magnetic.

30.  The catheter of claim 26 further comprising a display associated with

the sensor for displaying an indication of the length.

31.  The catheter of claim 20 wherein the indication device provides a

visual indication of the length.

32. The catheter of claim 20 wherein the indication device emits an

audible indication of the length.

24



WO 2005/065200 PCT/US2004/042208

33.  The catheter of claim 20 wherein the indication device provides a

tactile indication of the length.

34.  The catheter of claim 20 wherein the indication device comprises a
plurality of holes and a movable detent, each hole being configured to receive the detent,

whereby adjusting the length moves the detent from one hole to another hole.

35.  The catheter of claim 34 wherein the reception of the detent in one of

the holes provides a tactile indication of the length of the interventional element.

36.  The catheter of claim 20 wherein the actuator comprises a ratchet
mechanism that allows adjustment of the length in a first direction and prevents adjustment of

the length in a second direction.

37. A stent delivery catheter comprising:
an elongated flexible shaft having distal and proximal ends;

- - astent releasably mounted at the distal end, a deployable portion of the stent
being releasable from the catheter to assume an expandedﬁcbnﬁgu-rativorrl, the dei)loyablef -
portion having a length;

an actuator at the proximal end for controlling the length of the deployable
portion; and
an indication device on the catheter for indicating the length of the deployable

portion.

38.  The catheter of claim 37 wherein the actuator is movable through a

distance correlated with the length.

39.  The catheter of claim 37 wherein the actuator is movable through a

stroke, each stroke of the actuator adjusting the length a predetermined amount.

40.  The catheter of claim 39 wherein the stent comprises a plurality of

stent segments, and the stroke corresponds to a segment length of one of the stent segments.

41.  The catheter of claim 37 wherein the indication device comprises a

stop that limits the movement of the actuator.
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42.  The catheter of claim 37 wherein the indication device comprises a

sensor for detecting the length of the interventional element.

43.  The catheter of claim 42 wherein the sensor is disposed near a distal

end of the shaft, the sensor being coupled to an indicator at the proximal end.
44,  The catheter of claim 42 wherein the sensor is optical
45.  The catheter of claim 42 wherein the sensor is magnetic.

46.  The catheter of claim 42 further comprising a display associated with

the sensor for displaying an indication of the length.

47.  The catheter of claim 37 wherein the indication device provides a

visual indication of the length.

48. The catheter of claim 37 wherein the indication device emits an

audible indication of the-length.. -~ . = _

49.  The catheter of claim 37 wherein the indication device provides a

tactile indication of the length.

50.  The catheter of claim 37 wherein the indication device comprises a
plurality of holes and a movable detent, each hole being configured to receive the detent,

whereby adjusting the length moves the detent from one hole to another hole.

51.  The catheter of claim 50 wherein the reception of the detent in one of

the holes provides a tactile indication of the length of the interventional element.

52.  The catheter of claim 37 wherein the actuator comprises a ratchet
mechanism that allows adjustment of the length in a first direction and prevents adjustment of

the length in a second direction.

53.  The catheter of claim 37 wherein the stent comprises a plurality of

separable stent segments.
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54.  The catheter of claim 53 wherein the catheter further comprises a
sheath slidable relative to the stent segments for selectively covering a first portion of the

stent segment and exposing a second portion of the stent segments.

55. The catheter of claim 54 wherein the actuator moves the sheath relative

to the stent segments.

56.  The catheter of claim 53 wherein the actuator is further adapted to

axially separate a first stent segment from a second stent segment prior to expansion thereof.

57. The catheter of claim 56 wherein the actuator is adapted to separate the

first and second stent segments by a predetermined distance.

58.  The catheter of claim 56 wherein the actuator has a first position for
controlling the number of stent segments in the deployable portion and a second position for

controlling the separation between the first and second stent segments.

59.  The catheter of claim 53 wherein the indication-device indicates a

number of stent segments in the deployable portion.

60.  The catheter of claim 37 wherein an undeployed portion of the stent
remains on the catheter after the deployable portion is released from the catheter, further

comprising an indication device for indicating the length of the undeployed portion.

61. 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;

adjusting a working length of the interventional element with the
interventional element remaining positioned in the patient’s body;

receiving from the proximal portion of the interventional catheter an indication
of the working length; and

after receiving the indication, deploying the interventional element.
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62.  The method of claim 61 wherein the interventional element comprises
a balloon, and adjusting the working length comprises constraining a first portion of the
balloon from expansion while leaving a second portion of the balloon unconstrained from

expansion.

63.  The method of claim 62 wherein constraining comprises covering the

first portion of the balloon by a sheath movably disposed on the interventional catheter.

64.  The method of claim 63 wherein the sheath is coupled to an indicator,
the indication of working length being received from the indicator, wherein moving the

sheath changes the indication received from the indicator.

65.  The method of claim 62 wherein the indication of the working length

comprises an indication of the length of the second portion.

66.  The method of claim 61 wherein receiving the indication of working

length comprises observing a visual indication.

67.  The method of claim 66 wherein the visual indication comprises one or

more indicia displayed on the proximal portion of the interventional catheter.

68.  The method of claim 61 wherein receiving the indication of working

length comprises hearing an audible indication.

69.  The method of claim 61 wherein receiving the indication of working

length comprises feeling a tactile indication.

70. The method of claim 69 wherein the tactile indication is received from

a detent engaging a detent receiving structure associated with the interventional catheter.

71.  The method of claim 61 further comprising, after deploying the
interventional element:

positioning the interventional element near a second target site;

adjusting the working length of the interventional element to a second working
length;

receiving from the interventional catheter a second indication of the second

working length; and
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after receiving the second indication, re-deploying the interventional element.

72. A method of deploying a stent at a target site in a patient’s body, the
method comprising:

positioning a distal end of a delivery catheter near the target site, the stent
being releasably coupled to the distal end, a proximal portion of the delivery catheter being
disposed outside the patient’s body;

adjusting the length of a deployable portion of the stent with the delivery
catheter positioned in the patient’s body;

receiving an indication of the length from the proximal portion of the delivery
catheter; and

after receiving the indication, deploying the deployable portion of the stent at

the target site.

73.  The method of claim 72 wherein adjusting the length of the deployable
portion comprises moving an actuator associated with the proximal portion of the delivery

catheter through a distance correlated with the length.

74.  The method of claim 73 wherein the actuator is movable through a

stroke, each stroke of the actuator adjusting the length a predetermined amount.

75.  The method of claim 74 wherein the stent comprises a plurality of stent

segments, and the stroke corresponds to a segment length of one of the stent segments.

76.  The method of claim 73 wherein the indication device comprises a stop

that limits the movement of the actuator.

77.  The catheter of claim 72 wherein the indication of the length is

received from an output device associated with the proximal end of the catheter.

78.  The method of claim 77 wherein the output device is coupled to a

sensor, the method further comprising detecting the length with the sensor.

79.  The method of claim 78 wherein the sensor is disposed near the distal

end of the delivery catheter.
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80.  The method of claim 78 wherein the sensor optically detects the
working length.

81.  The method of claim 78 wherein the sensor magnetically detects the

working length.

82.  The method of claim 72 wherein receiving the indication of the length

comprises observing a visual indication.

83.  The method of claim 82 wherein the visual indication comprises

indicia displayed on the proximal portion of the delivery catheter.

84.  The method of claim 72 wherein receiving the indication of length

comprises hearing an audible indication.

85.  The method of claim 72 wherein receiving the indication of length

comprises feeling a tactile indication.

86. The method of claim 85 wherein the tactile indicatioﬁ i;re-ceivéd frorﬁ

a detent engaging a detent receiving structure associated with the delivery catheter.

87.  The method of claim 72 wherein adjusting the length comprises
moving a ratchet mechanism to adjust the length in a first direction, the ratchet preventing

adjustment of the length in a second direction.

88.  The method of claim 72 wherein the stent comprises a plurality of
separable stent segments and adjusting the length comprises constraining at least a first stent
segment from expansion while leaving at least a second stent segment unconstrained from

expansion.

89.  The method of claim 88 wherein adjusting the length comprises
moving a sheath relative to the stent segments for selectively covering the first stent segment

and exposing the second stent segment.

90. The method of claim 88 wherein the indication is correlated with the

number of stent segments.
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91. The method of claim 89 wherein the indication is correlated with

movement of the sheath relative to the stent.

92.  The method of claim 88 further comprising axially separating the first

stent segment from the second stent segment prior to expansion thereof.

93.  The method of claim 92 further comprising moving the actuator to a
first position for controlling the number of stent segments in the deployable portion and
moving the actuator to a second position for controlling the separation between the first and

second stent segments.

31



WO 2005/065200

1/22

SUBSTITUTE SHEET (RULE 26)

PCT/US2004/042208

62

FIG. 1



WO 2005/065200 PCT/US2004/042208

2722
o
N w
n
R~
I/
/
!/
/
3 / 3
1 -
/ o
/
L
/
1
- /
L" )
/ 2
- /
8" o
1
!
..
18 /'
S /'
8 !
g /
s /

SUBSTITUTE SHEET (RULE 26)



PCT/US2004/042208

WO 2005/065200

3/22

9

89

SUBSTITUTE SHEET (RULE 26)



PCT/US2004/042208

WO 2005/065200

4/22

¢ Old

0L zL
( N\

BN SN A S S S AR S S N A N NSNS O A N S S AN A A A S S S SN SS S S S A SN A S SSSSSSSSSS S SS S sSssS

f A

L

——————

\ﬂ ) H\k

- ve ] ¢ 89 99

SUBSTITUTE SHEET (RULE 26)



PCT/US2004/042208

WO 2005/065200

5122

08 ~
9€ —

9L —

vy 'Ol _le
¢ , 8s
.vm \ V4 Z Zz ( Zz 2 Z. Zz Z § w

i ASNNNNNNNNY

v \ -—— -— ."Wv\.\\\i "‘ - \’ -

—N
<
N

\ _
LY KA S/
9% o, vmv.h _|nww 28 o
| 1214

SUBSTITUTE SHEET (RULE 26)



PCT/US2004/042208

WO 2005/065200

6/22

VS Old

o [

88

oG 9ld

§
\—Vf 7 7 7 7 [ 7 Z

] r///u@w///x

SUBSTITUTE SHEET (RULE 26)



PCT/US2004/042208

WO 2005/065200

7122

be 9 ge g,

e o€ ge ¢,

d9 Ol

14°]
_L||_ oLl 06 14
/ { ‘

VYOI ITIOIII TGN IO VIO IO IO TIIIIIIIIII) ) FIIS TIPS

4 L1 1.1 | N | ___-mu__—-_———F-W
- J

\M_\__‘ ! 2 1,

e

901

901

O_1

Z6

LN L L LN LLLL XL L L Nm

AR , o
01 9¢€ ZlIL 00l 801 c0lL 89 901

V9 Ol4

0oL
" OW//J//////////// ‘/////W,O—‘ ﬂ< _lr a0l
=
0=

/1

AN

»

S
oSS TS

12

N
/////E///////////////W/F

ot |
86
¥G 96 | 8¢

SUBSTITUTE SHEET (RULE 26)



PCT/US2004/042208

WO 2005/065200

8/22

ve o¢ g¢

Ve 9¢ g¢

9

L

d. Ol

vOl v_mb|||_ 0L 7 7
0l
( [ [ 06

(ALLOLLLLLLLLLL L Ll

LLLLLLLLEN L L L LLLL L L L L L L

(Ll

w?\oor pLL

[40]3

A AR SIS

SUBSTITUTE SHEET (RULE 26)



WO 2005/065200

PCT/US2004/042208
9122
+—9% —3
Q1 g_/ﬁ\
(s8]
s o
3 ) 3 O
LL LL

o W
N—
e
o
s 1N
w_/ >o
© - -
—
=
o
(D./-r
[{e} 1| 8%
[Tp]
2
o0
o
(o]
© o

36 38

<
o)

SUBSTITUTE SHEET (RULE 26)



PCT/US2004/042208

WO 2005/065200

10/ 22

4%

8¢

08 Ol

A

745 95

—

Scl § _ 6L “

(

/

Vg \ AEALT

Voztvebez\ze\ /|

\sLivejeblee] bL]ob] 6 BT L o]s]vlelz] ]

-

y N\

oo |

133

€cl

8t

SUBSTITUTE SHEET (RULE 26)



WO 2005/065200 PCT/US2004/042208

117122
T T
n
(‘ o) -~ )

© “\.ﬁ——""\ﬁ / 8
g)‘_/-\ ° -— O _— o
o~ N o
w0 w
* °

f 3 ‘\_—""'\g

© ] 3 : -—
© ;—'/'\C‘! 3
o < - ® o ®
© 8 1| =
It < ®
& (@) &
o . °
™ o~
d L_D .
\:/"\~w LL _ ¥

e
[Te]
{—
8—
(o]
~
[00]
2 ™

38

SUBSTITUTE SHEET (RULE 26)

FIG. 9B



0 2005/065200

121722

1

Vs
ol
"i'i.“ w S

'
O
%,

CSI

Q
A S
20 /¢

7/ S,

Koo

SUBSTITUTE SHEET (RULE 26)

/////////////////

FIG. 10B

FIG. 10A



WO 2005/065200 PCT/US2004/042208

137122

o

— !
)
NANNNANNN \§
35— N
N O
1 [ \\\ Ne)
< \\\\\ ‘_
< o= N &
N——] \ LL
~ \ o
— \x\\‘;
N
— / 3
. N
(Vo Runmuill \
: N
< <SS E\ \ 8
=TT~ ___III A
1© N O
@[ § o I
N
—— L \\g
{ \\\\\\%

SUBSTITUTE SHEET (RULE 26)



WO 2005/065200 PCT/US2004/042208

14/ 22

FIG. 11A

SUBSTITUTE SHEET (RULE 26)



WO 2005/065200 PCT/US2004/042208

1517122
<
<
L
<t
<
N\
< 1
<
(3]
Q
o
< — -
-
J A
43— O
y (4]
"
A
’
A
s N
A -
’
f .
/ O
N —
& / T
.
’
A
1
A
’
U
© ’
< "
4
A
(=]
(3p]
N
o

SUBSTITUTE SHEET (RULE 26)



WO 2005/065200 PCT/US2004/042208

16/ 22
A
J— &
3
F
o
< 3
4
k f
V1
/
A
5
"
1 o
f N
y ha
C [
f A
/ L
5
-
(e} v
(4] v
]
1
/
’
’
¥ E
A
A
v
o
I
o
)

SUBSTITUTE SHEET (RULE 26)



WO 2005/065200 PCT/US2004/042208

17122
< (0]
o
—
o)
o \
wn
b ot
o0
<r
™
-
¢ O
L
O
o
™
—\o
[= o]
i
-~
O
<
<
N
wn
N
o

SUBSTITUTE SHEET (RULE 26)



PCT/US2004/042208

WO 2005/065200

18 /22

vi Old

{ _

B NN V. . . . O N, . . W . " . . . . . . . W . W . .

e

oGl Ob vmromr cSl gql

\

8¢

Y

o

GGl

A

SUBSTITUTE SHEET (RULE 26)



PCT/US2004/042208

WO 2005/065200

19122

oGl Old  za

¥OLOW

4—091

LLLLL L LLL Ll

mm \\\\\f?\

/ .

—

— Er—

[

AT ]

\\\\\W»\\/\\V\\\\\é\\/\\\\\\E\\\\\\\N\NN\\\\\\\\\\
8¢ \ \
891 8¢
asl .o_“_\
: 2/l
8¢ 9s /
0oL )
— 12215
HOL1IMS 89}
VSl 'Ol e ——
n\\ lla “Kvm;\/\r\r
{ O
8¢ 9%
96
oo vor 9 8

06

SUBSTITUTE SHEET (RULE 26)



WO 2005/065200 PCT/US2004/042208

20/ 22

SUBSTITUTE SHEET (RULE 26)



WO 2005/065200

56

PCT/US2004/042208

21/22

A

92
(Or—194

/[

SUBSTITUTE SHEET (RULE 26)

28

182

FIG. 17



00000000000000000000000000000

% FIG. 18B

“ FIG. 18C

SUBSTITUTE SHEET (RULE 26)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

