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A catheter (10) for performing laser angioplasty includes at its proximal end (13) a control handle (14) for manipu-
lating torque wires (16 and 34). Torque wire (16) in turn manipulates positioning means (36) at the distal end (12) of the
catheter (10). The positioning means (36) carries a laser radiation transmission means (30) and/or an optical viewing
means (32). The positioning means (36) is rotatable about an axis spaced from that of the catheter (10), thus enabling the
laser (30) and/or viewing (32) means to be positioned and aimed from any selected cross-sectional location at the catheter’s

distal end (12).
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LASER ANGIOPLASTY

Field of the Invention
This invention relates to catheters and

similar devices having a mechanism for aiming light
transmitting fibers or other working means requiring
remote control. Although particularly described with
reference to laser angicplasty, the invention has broad
applicability to various medical instruments such as
endoscopes, angioscopes, catheters and microcatheters,
and the like.

Background of the Invention

This invention relates to medical
instruments, in particular devices for performing laser
surgery e.g., angioplasty, to treat atherosclerosis and
the like. Atherosclerosis is a disease which causes
the thickening and hardening of artery walls. It is
characterized by lesions of raised atherosclerotic
plaque which form within arterial lumens and
occlude them partially or wholly. Coronary
atherosclerosis is a leading cause of death in the
United States. Atherosclerosis tends to increase
progressively with age. The treatment of
atherosclerosis typically consists of drug therapy,
surgery or percutaneous angioplasty.

In percutaneous angicoplasty, small balloon-
tipped catheters were first developed which could be
passed percutaneously into various arteries and then
inflated to dilate areas of partial obstruction. While
this procedure has gained a measure of acceptance as a
less invasive alternative to surgery, balloon-
angioplasty simply redistributes the atherosclerotic
plaque. Frequency of recurrence or restenosis of the
plaque occlusions has caused some concern about the

efficacy of this technique.
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Laser therapy has been suggested as another

. approach to percutaneous angioplasty. One technique

utilizes laser technology to emit radiation onto a
light receiving surface of a heat generating element.
The light is converted by the element to heat. ‘The
element can then be contacted to material in a
patient’s body, such as a clot, atherosclerotic deposit
or tissue, to alter same by melting, removing or
destroying it.

In another laser technique, laser radiation
is applied directly to the plaque deposit, clot or the
like to vaporize or ablate it. It is this second
technique to which the subject invention is most
particularly directed. This particular technique of
laser angioplasty provides the ability to remove the
atherozclerotic plaque and reopen even totally occluded
vessels without significant trauma to vessel wall with
potentially reduced restenosis rate. However, the
current technology fcor impinging laser radiation
directly on a selected discrete treatment area has its
own problems. Most critical has been the lack of
ability to precisely aim laser radiation to the
selectéd area to be treated without accidental arterial
perforation.

~In order to take full advantage of this
approach to laser angioplasty, the present invention
overcomes the aiming problem by providing fiber optic-
based catheters which have at their distal ends a
simple, fast and highly accurate aiming mechanism. The
aiming mechanism allows the physician to precisely
positiocn an optic fiber, or any other positionable
means or workpiece, at the distal end of a device by
remote control. This gives the physician the ability
to precisely aim at any point within the cross section
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of a vessel and direct the laser beam impingement upon
plaque and the like from various angles with respect to
the vessel wall.

The term "laser" is an acronym for Light
Amplification by Stimulated Emission of Radiation. As
used herein, the term is meant to encompass a device
which utilizes the principle of amplification of
electromagnetic waves by stimulated emission of
radiation to produce coherent radiation in the
infrared, visible or ultraviolet regions. Such
radiation has already been used in medical
applications.

Various types of lasers may be utilized in
the context of the present invention. The pulsed
enefgy source of the Excimer laser, having a coherent
beam of ultraviolet radiation, is most preferred for
cardiovascular use. The Excimer laser pinpoints and
destroys tiny areas of plague with short on-off enerqgy
bursts at the unusually low temperature of about 40°C,
thereby aveiding such damage as burning surrounding
tissue. The effect of the Excimer laser is believed to
be one in which its radiation ruptures the molecular
and chemical bonds of the plaque, rather than burning
it, as do some other lasers. The plaque is ablated by
using pulsed Excimer energy as brief as about 20
nanoseconds. It results in a clean smooth surface and
is less likely than scme other lasers to cause blood
clots to form following the prccedure. . Although the
subject invention may be utilized with a variety of
different types of lasers, the Excimer laser is most
preferred. Dye lasers and lasers on vapors of copper

as well as other lasers may also be used.
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Optical fibers and fiber bundles have also
been used in a variety of medical applications. &an
optical fiber is a relatively flexible clad plastic or
glass core wherein the cladding is of a lower index of
refraction than the fiber core. When a plurality of
such fibers are combined, a fiber optic bundle is
produced. Optical fibers are flexible and are
therefore capable of guiding light in a curvedrpath
defined by the placement of the fiber. |
Summary of the Invention

The aiming mechanism of the invention is
applicable not only to laser angioplasty, but to
angioscopes generally and to endoséopes,as well as to
othér instruments and medical devices. However, it is
particularly directed to catheters for laser
angioplasty and is specifically described herein with
reference to catheters for laser angioplasty.

In its most preferred form a device of the
invention will comprise then a fiber optic catheter
suitable for performing medical procedures in a
vascular lumen or other cavity within a patient. The
catheter will have a distal end to be inserted into a
patient and a proximal end including a control handle
held by a physician for directing the contemplated
procedure. Such devices are typically constructed for
disposal after a single use. More specifically, the
catheter includes an elongated external tube containing
a laser light transmitting means, such as an optical
fiber. The catheter may also contain one or more fiber
optic viewing bundles and may also be provided with one
or more fluid passageways through which gases or
liquids may be evacuated or transmitted. A guide wire
may also be inserted through one of these conduits.
Preferably, at least one expandable balloon is located
near the distal end of the device. Expansion of the
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balloon increases the diameter of the distal end
portion until it contacts the walls of the lumen to
form a seal and also to stabilize the distal end of the
catheter.

In accordance with the preferred embodiment
of the invention, such instruments and devices include
aiming means for positioning an optical fiber within an
arterial lumen so as to direct the fiber toward a
particular site therein. The aiming means comprises a
rotatable positioning body carried at the distal end of
the device. The positioning body is located in a
displaced position with respect to the longitudinal
axis (first axis) of the catheter device such that
rotation of the catheter device about its longitudinal
axis causes rotation of the positioning body about the
longitudinal axis (first axis) of the cathether device.
The optical fiber or other workpiece is received and
held by the positioning body in a location displaced
relative to the positioning body’s axis of rotation
(second axis) such that rotation of the positioning
body rotates the optical fiber about the center of
rotation of the positioning body. The combined
rotational movements of the positioning body per se and
the catheter device per se enables the physician to
position and aim the optical fiber in any selected
cross-sectional location in a vascular lumen or other
cavity of a patient, as desired.

In one embodiment, the optical fiber or
optical bundle is oriented slightly outwardly with
respect to the longitudinal axis of the catheter device
to orient and aim the fiber or bundle toward the wall
of the lumen.

As already noted, in other embodiments of the
invention, the positioning body may carry both an
imaging fiber bundle and a lasing optical fiber or one

‘PCT/US88/01685




WO 88/10132 PCT/US88/01685

10

15

20

25

30

6

or the other alone. Also, the positioning body may
extend along and even beyond the entire length of the
catheter device or may take the form of a relatively
shortened body located only in the distal end portion
of the device.

Brief Description of the Drawings

Fig. 1 is an elevational view of a preferred
embodiment of the medical device of the invention:

Fig. 2 is an enlarged detail view of the
distal end of the device shown in Fig. 1, with parts
broken away; .

Fig. 3 is a sectional elevation taken along
line 3-3 of Fig. 2;

Fig. 4 is -a front elevational view of the
distal end of the device of Fig. 2;

Fig. 5 is a sectional elevation taken along
line 5-5 of Fig. 4 showing a modjified preferred
embodiment of the invention wherein the imaging and
laser optical fiber conduits are positioned at a slight
outward angle with respect to the longitudinal axis of
the positioning means;

Fig. 6 is another preferred embodiment of the
invention wherein the imaging and laser optical fibers
are axis parallel with the respect to the longitudinal
axis of the device and lenses are included at the
distal ends of the imaging and laser optical fibefs,
respectively;

Fig. 6a is a schematic showing of the lens
arrangement included in the embodiment of Fig. 6;

Fig. 7 is another embodiment showing a
protective end cap on the device, and

Fig. 8 is another embodiment showing a
telescoping version of the invention.
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Description of the Preferred Embodiment
While this invention can ke embodied in many

different forms, there are shown in the drawings and
described in detail herein specific preferred
embodiments of the invention. The present disclosure
is an exemplification of the principles of the
invention and is not intended to limit the invention to
the particular embodiments iliustrated.

The present invention in preferred form
comprises a medical device fer aiming any type of
workpiece located at the end of a catheter-like
instrument by remote control means. It is specifically
described with reference to a medical device for
delivering and applying laser radiation to.a site in a
vessel lumen of a patient. The radiation can be used
to vaporize atherosclerotic plaque. Such instruments
often times take the form of microcatheters of
extremely small diameter. Such instruments are usually
readily available in various diameter sizes to suit the
particular work site in the lumen in which they are to
be lccated. Thus a physician will have a number of
various sized catheters at his disposal during any
given procedure.

In some such devices, an elongated guide wire
(not shown) may be selectively positioned within the
lumen of the patient in association with the catheter.
To this end, the catheter mayv include an elongated
channel such as a slot, bore or conduit for slidably
receiving the external gquide wire situated along the
catheter. The catheter can then be slid along the
guide wire until a selected region of the patient’s
lumen has been reached. The aiming mechanism can be
manipulated as desired and the laser radiation can then
be'selectively impinged on an area selected for

treatment.
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Some versions of such catheters are desirably
constructed with at least a tip portion thereof
including radio-opaque material (not shown). The
radio-opaque material can then be used to locate the.
catheter under fluoroscopy.

Referring now particularly to Figures 1 - 3
of the drawing, a catheter device of the present
invention in one embodiment comprises an elongated
catheter, generally designated 10, having a working
distal end generally designated 12. The device is
adapted to be inserted into a patient and a remote
control handle 14 is attached at a proximal control end
13 for manipulation and control by a physician. The
catheter is flexible and generally comprises an
extruded solid plastic body 15. Body 15 may consist of
a single, soft, solid, extruded plastic'material or it
may consist of a plastic composite reinforced with
plastic or metal braided filaments, such as Dacron®
polyester fiber or stainless steel. Typical plastics
such as polytetrafluoroethylene, polyester,
polyvethylene and silicone may be used. A torque wire
16 extends through body 15 and is fixedly attached
thereto, typically by extruding the catheter body
around the torque wire. Torque wire 16 is attached at
its proximal end to a knob 17 or the like so as to be
rotatable therewith, whereby catheter bady 15 may be
rotated about its longitudinal axis during insertion
and after reaching its desired location in a vessel
lumen or the like.

When using the catheter in a vessel which
contains an opaque fluid such as blood, it is
often necessary to remove the opaque fluid and flush
the area with a clear fluid such as saline solution to
provide a viewable work area. To accomplish this,
catheter body 15 may include conduits 18 and 19, which
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connected to tubes 20 and 21 at the proximal end.
Conduits 18 and 19 may be formed during extrusion of
body 15. Tubes 20 and 21 include appropriate fittings
22 and 23, which will be familiar to those of ordinary
skill in the art. Conduits 18 and 19 may thus function
as suction tubes, fluid flushing tubes, supply tubes or
for receiving a guide wire, in the already known
manner.

At the proximal end 12 of catheter body 15,
an expandable balloon 24 of the type already known in
the art may also be included. 1In such an instance,
another conduit 25 extends from connector 26 and tube
27 at the proximal end of the device to an opening 28
which communicate with expandable balloon 24 by means
of which a fluid can be supplied to the balloon causing
it to expand in the known manner. In this design
version, when the balloon has been expanded, it will be
necessary tc contract it before rotating the catheter
in situ.

Provision is made for delivering laser
radiation to the distal end 12 of catheter 10 by
providing a laser light source, (not shown). The laser
may be coupled as is known in the art to control handle
14 through an optical coupling fitting 29. This
arrangement in turn directs laser radiation through
control handle 14 and through a laser radiation

_transmitting fiber 30 which may be located within an

internal conduit 31 in body 15. Preferably, a single
glass fiber 30 or other optical fiber with a core
diameter of about 50 to about 600 microns is utilized
for the laser radiation transmitting fiber 30. These
are typical sizes presently available and are not
critical; the smaller the better. It is most often

desirable to use a single optical fiber for delivering

PCT/US88/01685
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of laser radiation. Such fibers are known in the art.
However, other fiber arrangements may be used as they
become available.

Additionally, a bundle of very flexible and
very small diameter optical fibers 32 may be included
and will also extend through conduit 31 from handle 14.
Typically, such fibers are of plastic or glass and are
known to the art. The proximal end thereof is -
appropriately connected to a fitting 33 to provide
imaging or viewing in the known manner. Also conduit
31 includes a torque wire 34 which is connected and
controlled at its proximal end by rotary knob 35.

With particular reference to Fig. 5, it can
be seen that the distal ends of optical fiber 30,
optical bundle 32 and torque wire 34 are received by
rotatable positioning means, such as cylindrical body
36, which may be of plastic such as polypropylene,
polytetrafluorcethylene or ultra high molecular weight
polyethylene (UHMWPE). it.may also be of metal such as
stainless steel. Positioning means 36 is positioned or
displaced off-axis relative to the longitudinal axis
(first axis) of catheter body 15 (as best seen in Figs.
3, 4 and 5) and is preferably of a diameter which is
slightly larger than the radius of catheter body 15, as
best seen in Fig. 3. As can be seen in Figs. 3 and 5,
optical fiber 30 and optical bundle 32 are located in
positioning means 36 in a displaced position relative
to its axis of rotation (second axis), which in this
embodiment corresponds to the location of torque wire
34. Torque wire 34 is used for rotating the
positioning means in catheter body 15. Positioning
means 36 may be a relatively short body as shown in
Figures 5-8, or it may be an elongated plastic body
which extends throughout substantially the entire
length of the catheter body 15 and conduit 31.
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In the embodiment shown in Figs. 4 and 5, it
is to be hoted that imaging bundle 32 and optical fiber
30 are positioned at a slight outward angle relative to
the longitudinal axis of the catheter body 15. Such an
cutwardly directed positioning of the optical means
allows a sweeping action of laser radiation and imaging
to be directed toward the interior wall of the vascular
lumen or cavity. However, as 1is seen in Fig. 6, the
optical means 30 and 32 may also be positioned
substantially parallel to the longitudinal axis of the
catheter.

In use, the distal portion of the medical
device is inserted into a patient and is positioned in
the desired location. The balloon 24 is then inflated
by means of the remote control handle 14 to occlude the
blood vessel. A clear fluid such as saline or radio-
opaque contrast material may be introduced through
passageway conduit 18 or 19 allowing viewing through
the imaging optical bundle 32. This allows
visualizaton of the occlusion to be made prior to
emission of laser radiation from the distal end of
optical fiber 30. Such visualization also allows the
physician to rotate catheter body 15, after contracting
balloon 24, by rotation of torque wire 16 and knob 17
at remote control handle 14 and to also rotate the
positioning body 36 by rotation of torque wire 34 and
knob 35 at remote control handle 14 whereby optical
fiber 30 and optical bundle 32 are aimed at the
specific site upon which laser radiation is to be
impinged. Readjustment of the position of the catheter
and the positioning body at the operational site allows
the laser radiation to be swept over all areas of an
occlusion existing within the cross sectional area of

the lumen.

PCT/US88/01685
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As can be seen in the drawing (Figs. 3, 4 and
5), positioning body 36 rotates about a second axis
(its axis of rotation) which is displaced relative to
the longitudinal or first axis of the catheter body 15
to provide for full coverage of the cross sectional
area of the lumen in which the catheter is placed.

This is also achieved by selecting the size of the
diameter of body 36 relative to the radius of the
catheter i5.

As already noted, a variety of working means
other than optical fibers and optical bundles may be
selectively positioned and aimed in this manner by the
arrangement described above.

Referring now to Figs. 6 and 6a, a
mbdification is shown which includes lens arrangements
38 at the distal ends of fiber 30 and bundle 32, |
respectively. 1In the embodiments discussed previously
(Figs. 2-5) the field of view provided by imaging
bundle 32 and the target area of fiber 30 were not
necessarily exactly coincident. This may be achieved
by orienting the fiber and bundle toward each other
during fabrication. However, the embodiment of'Figs.'s
and 6a shows how this objective can be achieved by
using optical lenses 38 to direct radiation or to
otherwise focus it or control it. Such lenses may be
of various known types and will preferably be, where
possible, of the self-focusing type to allow attachment
of the fiber and bundle directly to the lenses. 1In the
case of the Excimer laser, it will probably be
necessary to use quartz or synthetic fused silica
lenses positioned with an air gap between them and the
distal end of the optical fiber 30. Lenses will also
protect the distal ends of the-fiber and bundle.
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Another embodiment of the invention is shown
in Fig. 7. To protect the ends of optical fiber 30 and
optical bundle 32, a radiation transparent end cap 39
of glass, quartz or the like may be included. It
rotates with positioning body 36.

Yet another embocdiment is shown in Fig. 8
wherein the positioning body 36 is not only rotatable
but is constructed and arranged for translational
movement in conduit 31 by pushing or pulling on control
wire 34 via translational movement of knob 35.

As an alternate to extruding catheter body
and the various conduits therein in a single piece, a
series of different sized tubes may be combined to form
the catheter. For example, a first tube may be used
for body 15 and individual smaller tubes may be
inserted into the first tube to form conduits 18, 19,
31, etc. Any empty space remaining within the first
tube would be filled with plastic filler.

This completes the description of the
preferred and alternate embodiments of the invention.
Those skilled in the art may recognize other
eqﬁivalents to the specific embodiment described herein
which equivalents are intended to be encompassed by the

claims attached hereto.

PCT/US88/01685
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WHAT IS CLAIMED IS:

1. A device for insertion into remote locations
and for.being operated by remote control when so.
located, the device comprising:

a body adapted for insertion into a remote
location and having a working distal end portion and a
proximal end control portion, the body, at least at the
working distal end portion, being constructed and
arranged for rotation about a first axis; '

positioning means carried at the working
distal end portion of the body for rotation with
respect thereto about a second axis which is displaced
relative to the first axis;

working means carried by the positioning
means in a location displaced relative to the second
axis for rotation with the positioning means, and

remote control means at the proximal end
portion operably connected to the positioning means for
rotating it. .

2. The device of claim 1 wherein the diameter of
the positioning means associated with the second axis
is larger than the radius of the body associated with
the first axis.

3. 7 A catheter comprising:

an elongate catheter body adapted for
insertion into a vessel and for rotation about its
longitudinal axis when in the vessel, the body having
proximal and distal ends;

positioning means mounted at the distal end
of the catheter body for rotation with respect thereto
about an axis which is displaced relative to the
longitudinal axis of the catheter body;
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working means carried by the positioning
means for rotation therewith, the working means being
carried thereby in a position displaced relative to the

axis of rotation of the positioning means.

4, The catheter of claim 3 wherein the axis of
the positioning means is substantially parallel to the
longitudinal axis of the catheter body.

5. The catheter of claim 3 including means
operably connected to the positioning means for

rotating it about its axis.

6. The catheter of claim 3 wherein the working
means comprises electromagnetic radiation transmission

means.

7. The catheter of claim 3 wherein the working

means comprises an optical fiber bundle.

8. The catheter of claim 3 wherein the catheter
body is of flexible plastic and includes a conduit at
least at the distal end thereof and the positioning
means comprises a body received by the conduit for

rotation therein.

9. The catheter of ¢laim 8 wherein the conduit
extends substantially over the length of the catheter

body as well as does the positioning means.

10. The catheter of claim 8 wherein the conduit
is located in a displaced pesition with respect to the

longitudinal axis of the catheter body.
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11. A device for aiming high energy
electromagnetic radiation from a laser source at an
area within a blood vessel containing plaque, the
device comprising:

a flexible elongate catheter body hav1ng
proximal and distal end portions; 7

flexible elongate radiation transmitting
means having proximate and distal ends and extending
longitudinally through the catheter for transmitting
radiation introduced at: the proximal end to the distal
end of the catheter, the distal end being constructed
and arranged for directing transmitted radiation from
the catheter;

positioning means mounted in the distal end
portion of the catheter body for rotation about an axis
which is displaced relative to the longitudinal axis of
the catheter, the positioning'means including means for
receiving and supporting the distal end of the
radiation transmitting means in a displaced position
relative to the axis of rotation of the positioning
means whereby rotation of the positionihg means within
the catheter controls the position of the end portlon
of the light transmitting means relative to the
longitudinal axis of the catheter and rotation of at
least the distal end portion of the catheter body, when
placed in a vessel and in combination with the )
foregoing rotation, controls the position of the end
portion of the light transmitting means within the
cross-sectional area of the vessel to thereby allow
aiming of the transmitted radiation within the vessel,
and '

means operably ccnnected to the positioning
means for rotating it.‘
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12. The catheter of claim 11 wherein the axis of
the positioning means is substantially parallel to the
longitudinal axis of the catheter body.

13. The catheter of claim 11 wherein the catheter
body includes a conduit at least in the distal end
portion thereof, the conduit being displaced relative
to the longitudinal end axis of the catheter body, and
the positioning means is received by the conduit for

rotation therein.

14. The catheter of claim 13 wherein the catheter
body is of a flexible plastic; the conduit extends over
substantially its entire length and the positioning
means is an elongate flexible body as well.

15. The catheter cf claim 13 including a torque

wire operably connected to the positioning means.

16. An elongate catheter including a longitudinal
conduit extending therethrough, the conduit being
displaced with respect to the longitudinal axis of the
catheter;

a body of lesser diameter than the catheter
disposed for longitudinal rotation about its
longitudinal axis in the catheter conduit, and

working means carried by the body for
rotation therewith, the working means being carried by
the body in a position which is displaced with respect
to the axis of rotation of the body.

17. The catheter of claim 16 wherein the working

means comprises means for transmitting laser radiation.
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AMENDED CLAIMS

[received by the International Bureau
on 22 November 1988 (22.11.88):
original claims 1,3-8,10-13 and 15 amended:
other claims unchanged (5 pages)]

WHAT IS CLAIMED IS:

1. A medical device for insertion into remote locations and
for being operated by remote control when so Tocated, the device
comprising: '

a body adapted for insertion into a remote location and
having a working distal end and having a proximal end control
portion, the body, at least at the working distal end, being
constructed and arranged for rotation about a longitudinal first
axis; '

positioning means carried at the working distal end of
the body for rotation with the body about the first axis and for
rotation with respect thereto about a second axis which is displaced
relative to the longitudinal first axis, the second axis being
Tocated a fixed distance from the first axis and both axes extending
out of the distal end; '

means mounting the positioning means for rotation about
the second axis;

' working means carried by the positioning means in a
location displaced relative to the second axis for rotation with
the positioning means, said working means being oriented such that
it faces out of the distal end of said body, and

remote control means at the proximal end portion
operably connected to the positioning means for rotating it.

2. The device of claim 1 wherein the diameter of the
positioning means associated with the second axis is larger than the
radius of the body associated with the first axis.

3. : A catheter comprising:

an e]ongate'catheter body adapted for insertion into a
vessel and for rotation about a Tongitudinal first axis when in the
vessel, the body having proximal and distal ends; ,

positioning means mounted at the distal end of the
catheter body for rotation with the body about the first axis with
respect thereto and about a second axis which is displaced relative



WO 88/10132 19 . PCT/US88/01685

to the first axis of the catheter body whereby the second axis is
located a fixed distance from the first axis both axes extending out
of the distal end;

working means carried by the positioning means for
rotation therewith, the working means being carried thereby in a
position displaced relative to the second axis and being oriented
such that it faces out of the distal end of said body.

4, The catheter of claim 3 wherein the second axis is
substantially parallel to the first axis.
5. The catheter of c¢laim 3 including means operably

connected to the positioning means for rotating it about the second
axis.
6. A catheter comprising: ,

an elongate catheter body adapted for insertion into a
vessel and for rotation about a longitudinal first axis when in the
vessel, the body having proximal and distal ends;

positioning means mounted at the distal end of the
catheter body for rotation with the body about the first axis with
respect thereto and about a second axis which is displaced relative
to the first axis of the catheter body whereby the second axis is
located a fixed distance from the first axis;

electromagnetic radiation transmission means carried by
the positioning means for rotation therewith, the working means
being carried thereby in a position displaced relative to the second
axis.
7. A catheter comprising:

an elongate catheter body adapted for insertion into a
vessel and for rotation about a Tongitudinal first axis when in the
vessel, the body having proximal and distal ends;

positioning means mounted at the distal end of the
catheter body for rotation with the body about the first axis with
respect thereto and about a second axis which is displaced relative
to the first axis of the catheter body whereby the second axis is
Tocated a fixed distance from the first axis;
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an optical fiber bundie where said bundie is operably
connected to a receiving means at the proximal end, and carried by
the positioning means for rotation therewith, the working means
being carried thereby in a position displaced relative to the second
axis. '
8. A catheter comprising: _
an elongate catheter body adapted for insertion into a vessel and
for rotation about a longitudinal first axis when in the vessel, the
body having proximal and distal ends, and wherein the catheter body

is of flexible plastic and includes a conduit at least at the distal

end thereof;

positioning means comprising a body received by the
conduit for rotation therein mounted at the distal end of the
catheter body for rotation with the body about the first axis with
respect thereto and about a second axis which is disp]aced relative
to the first axis of the catheter body whereby the second axis is
located a fixed distance from the first axis;

working means carried by the positioning means for
rotation therewith, the working means being carried thereby in a
position displaced relative to the second axis.
9. The catheter of claim 8 wherein the conduit extends
substantially over the length of the catheter body as well as does
the positioning means.
10. The catheter of claim 8 wherein the conduit is located

in a displaced position with respect to-the first axis.
11. A device for aiming high energy electromagnetic

radiation from a Taser source at an area within a blood vessel
containing plaque, the device comprising:

a flexible elongate catheter body having proximal and
distal end portions, the body being constructed and arranged for
rotation about a first axis;

“»
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flexible elongate radiation transmitting means having
proximate and distal ends and extending longitudinally through the
catheter for transmitting radiation introduced at the proximal end
to the distal end of the catheter, the distal end being constructed .
and arranged for directing transmitted radiation from the catheter;

positioning means mounted in the distal end portion of
the catheter body for rotation with the body about the first axis
and for rotation about a second axis which is displaced relative to
the first axis of the catheter whereby the positioning means axis is
located a fixed distance from the first axis, the positioning means
including means for receiving and supporting the distal end of the
radiation transmitting means in a displaced position relative to the
second axis of rotation of the positioning means whereby rotation of
the positioning means within the catheter controis the position of
the end portion of the light transmitting means relative to the
first axis of the catheter and rotation of at least the distal end
portion of the catheter body when placed in a vessel and in
combination with the foregoing rotation, controls the position of
the end portion of the light transmitting means within the cross
sectional area of the vessel to thereby allow aiming of the
transmitted radiation within the vessel, and

means operably connected to the positioning means for

rotating it.

12. The catheter of cTaim 11 wherein the second axis is
substantially parallel to the first axis.
13. The catheter of claim 11 wherein the catheter body

includes a conduit at Teast in the distal end portion thereof, the
conduit being displaced relative to the first axis of the catheter
body, and the positioning means is received by the conduit for
rotation therein.

14. The catheter of claim 13 wherein the catheter body is of
a flexible plastic; the conduit extends over substantially its
entire Tength and the positioning means is an elongate flexible body

as well.
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15. The catheter of claim 13 including a torque wire, one

end of which is operably connected to the positioning means for
controlling the rotation of the positioning means, the other end
béing attached to a rotation control means for controlling rotation
of the torque wire.

16. An elongate catheter including a longitudinal conduit
extending therethrough, the conduit being displaced with respect to
the Tongitudinal axis of the catheter;

a body of Tesser diameter than the catheter disposed for
Tongitudinal rotation about its longitudinal axis in the catheter
conduit, and )

working means carried by the body for rotation
_therewith, the working means being carried by the body in a position
which is displaced with respect to the axis of rotation of the body.
17. The catheter of claim 16 wherein the working means
comprises means for transmitting laser radiation.

©
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