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(57) ABSTRACT 

A fiber optic laser catheter assembly for use in removing, or 
largely debulking, obstructions or occlusions from a lumen 
in a living body. The catheter assembly includes an outer 
tubular sheath, an optical fiber extending through the sheath, 
and a fiber guide for holding the fiber within the sheath. In 
all of the disclosed embodiments, the obstructions are 
removed by controllably positioning an optical fiber's distal 
tip in a Succession of Selected radial and circumferential 
positions So as to Sculpt away the obstruction without 
Substantial risk of mechanically or thermally damaging the 
vessel. Several of the embodiments are configured Such that 
the portion of the occlusion that can be reliably Sculpted 
away has a radius greater even than the radius of the catheter 
assembly itself. 
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FIBER OPTIC LASER CATHETER AND METHOD 
OF USING IT 

BACKGROUND OF THE INVENTION 

0001. This invention relates generally to fiber optic laser 
catheters and, more particularly, to catheters of this kind that 
are adapted to Selectively position the optical fiber's distal 
tip to facilitate the Sculpting out and debulking of an 
obstruction or occlusion in a vessel or lumen of a living 
body. 

0002 Catheters of this type are particularly useful in 
removing obstructions or occlusions Such as those associ 
ated with arteriosclerosis lesions. In Such procedures, the 
catheter is inserted into the diseased blood vessel and moved 
through the vessel to a position where its distal end lies 
immediately adjacent to the occlusion to be removed. A laser 
beam, commonly generated by a pulsed excimer laser, is 
then directed through the fiber and emitted from its distal tip, 
to ablate or otherwise remove the lesion. In this particular 
application, the laser catheter is being used to perform 
angioSurgery, a procedure that is commonly referred to as 
laser angioplasty. 
0003. In order to produce a successful angiosurgery out 
come, a Sufficiently larger laser-generated lumen must be 
created, without inflicting any damage on the remaining 
tissues. Blood vessels normally range in diameter from 1-10 
millimeters. Therefore, any Successful laser angioSurgery 
must be capable of producing a relatively large lumen that 
is typically 70-80% of the diameter of the native healthy 
vessel. In order to produce a Sufficiently large lumen, the 
fiber optic laser light guide either must have a very large 
light-emitting area, nearly the Size of the vessel, or must use 
a Small diameter fiber and manipulate its distal tip to various 
positions within the vessel So as to Sculpt out a large area. 
The large area fiber approach makes the catheter leSS flexible 
and its use therefore may be limited to non-tortuous vessels. 
The large area fiber approach also has the disadvantage of 
requiring a large catheter introducer sheath. The Small fiber 
approach allows the catheter to have Superior flexibility, but 
requires a method of fiber tip position control to create a 
lumen larger than the fiber diameter. 
0004. In the past, catheters of the large area type have 
been positioned using a guide wire that extends along the 
vessel and through the lumen of a Stenosis or partial occlu 
Sion. This has not always proven to be a Satisfactory means 
of positioning, however, because the hole in the occlusion is 
not always centrally located within the vessel. Moreover, in 
the case of a total occlusion, the hole is entirely absent and 
the use of a guide wire is not possible. 
0005 Catheters of the small diameter type include vari 
ous kinds of structures for controlling either the X-Y or the 
radial and circumferential positions of the optical fiber's 
distal tip. This requires both a precise positioning of the 
catheter relative to the vessel and a precise positioning of the 
fiber tip within the catheter. 
0006 Even when the catheter can be precisely positioned 
within the vessel, it has generally proven to be difficult to 
Sculpt away a Sufficient amount of the occlusion without at 
the same time mechanically or thermally damaging the 
vessel. Such damage can occur by the mere physical rubbing 
of the catheter on the vessel lining, injuring the endothelial 
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cells, or by excessive heating of various parts of the vessel 
wall by the laser beam. Such physical or thermal damage can 
lead to a significant rate of restinosis, in which hyperplasia, 
the excessive growth of Smooth muscle cells, within the 
vessel is triggered, leading in Some cases to even more 
Severe blockages than were provided by the original occlu 
Sion being removed. 
0007. It should therefore be appreciated that there is a 
need for a fiber optic laser catheter that can be used to more 
reliably and more thoroughly remove an obstruction or 
occlusion in a vessel of a living body, in Such a fashion So 
as not to inflict any further injury to the vessel. The present 
invention fulfills this need. 

SUMMARY OF THE INVENTION 

0008. The present invention is embodied in a small 
diameter fiber optic laser catheter apparatus, and related 
method for using it, that is adapted to cooperate with a laser 
in Substantially removing obstructions or occlusions from a 
vessel of a living body, with reduced risk of mechanically or 
thermally injuring the vessel. The apparatus includes a 
tubular catheter sheath sized to be received within the vessel, 
with a distal end of the catheter sheath being located 
proximal to the occlusion, and positioning means for engag 
ing the vessel wall and positioning the catheter sheath at a 
Selected radial position, e.g., centrally, within the vessel. An 
optical fiber extends through the Sheath and includes a 
proximal end attachable to the laser and a distal end located 
immediately adjacent to the occlusion to be removed. In 
accordance with the invention, the apparatus further 
includes fiber guide means located within the catheter sheath 
and adapted to Support the Small diameter optical fiber's 
distal end. The small diameter fiber may be a single fiber or 
may be a bundle of smaller fibers. The fiber guide means is 
rotatable within the sheath, about the sheath's longitudinal 
axis, and it is configured to allow the fiber's distal tip to be 
positioned at any Selected radial and circumferential location 
relative to the sheath. Since the only relative mechanical 
motion during use of the catheter apparatus is within the 
fiber guide means or between the fiber guide means and the 
sheath, the vessel is isolated from that motion, whereby the 
risk of damage to the vessel is Substantially reduced. In 
addition, Since the catheter apparatus is itself precisely 
positioned relative to the vessel, the risk of vessel perfora 
tion during operation of the laser, likewise, is Substantially 
reduced. 

0009. During use of the catheter apparatus, the fiber 
guide means is typically continuously rotated at a low rate 
(e.g., less than 1000 rpm) while the laser is energized and the 
laser beam removes Successive bits of tissue along a cir 
cumferential path. The use of a pulsed excimer laser, or other 
pulsed laser with a wavelength that is very highly absorbed 
in tissue, is quire advantageous in this application. With this 
type of laser, tissue is discretely removed only at or very 
near the fiber's distal tip and results in the generation of a 
very Smooth Surface lumen. The fiber guide means rotation 
rate and the laser's pulse repetition rate are approximately 
adjusted So that Successive laser pulses do not spatially 
overlap on the beam’s circumferential path. This reduces 
any thermal build-up and minimizes damage in the Sur 
rounding tissues. 
0010. The fiber guide means can have any of several 
alternative preferred configurations. In one preferred 
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embodiment, the fiber guide means includes a body and 
means defining a channel within the body sized to receive 
the optical fiber's distal end, with the channel having an axis 
skewed relative to the outer sheath's axis. The optical fiber 
is selectively movable axially within the channel such that 
the fiber's distal tip moves radially relative to the fiber guide 
means and the sheath. Selecting the distal tip’s radial posi 
tion facilitates the Sculpting away of large diameter obstruc 
tions. Extending the optical fiber axially toward the lesion 
can even provide a positioning of the fiber's distal tip 
radially outside the sheath. 
0011. In an alternative embodiment, the fiber guide 
means includes a body and means defining a Slot within the 
body sized to receive the optical fiber's distal end and to 
permit that distal end to be moved laterally within the slot, 
along an axis aligned Substantially radially relative to the 
sheath. In this embodiment, the fiber guide means further 
includes biasing means for moving the fiber's distal end to 
a Selected radial location within the slot. This biasing means 
can include an inflatable bladder and means for inflating the 
bladder Such that it enlarges in size and forcibly urges the 
fiber's distal end radially within the slot. 
0012. In another embodiment, the fiber guide means 
includes Spring bias means for yieldably urging the optical 
fiber's distal end radially relative to the sheath by an amount 
that varies as the optical fiber is moved axially relative to the 
sheath. In this embodiment, the fiber guide means further 
includes a body having a central passageway that terminates 
in a flared opening, and an elongated carrier for carrying the 
optical fiber's distal end. The carrier is sized to be received 
in the body passageway and to be axially and rotatable 
movable within the passageway. The Spring bias means is 
located on the exterior of the elongated carrier and is adapted 
to engage the flared opening and thereby move the optical 
fiber's distal end radially relative to the sheath by an amount 
that varies in accordance with the fiber's axial position. 
0013 In yet another embodiment, the fiber guide means 
includes a body having a plurality of channels formed within 
it, each channel sized to receive the optical fiber and to hold 
its distal tip at a unique radial position. In use, the fiber is 
placed Sequentially from one Such channel to the next, with 
the fiber guide means being rotated relative to the sheath 
during each Such placement, So as to Sculpt out a Series of 
concentric rings from the lesion. 
0.014. In yet another embodiment, the fiber guide means 
includes a set of optical fiber holders, each having a separate 
channel formed in it for receiving the optical fiber's distal 
end. Each holder positions the fiber's distal tip at a unique 
radial position. In use, the Separate holders are used Sequen 
tially, each Sculpting out of the lesion a ring-shaped Segment 
of unique radius. 
0.015. Other features and advantages of the present inven 
tion should become apparent from the following description 
of the preferred embodiments, taken in conjunction, with the 
accompanying drawings, which illustrate, by way of 
example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is an illustration of a fiber optic catheter 
assembly constructed in accordance with the invention, for 
use in removing obstructions or occlusions from a vessel of 
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a living body, the assembly being shown connected to a laser 
and a fiber guide rotation device. 
0017 FIG. 2 is a side cross-sectional view of the distal 
end of a first embodiment of a catheter assembly in accor 
dance with the invention, depicted within a vessel in a 
position to Sculpt away part of an occlusion. 
0018) 
FG, 2. 

0019 FIG. 4 is a side, cross-sectional view of the distal 
end portion of the catheter assembly of FIG. 2, but showing 
the optical fiber axially extended from a fiber guide con 
tained in the assembly. 
0020 FIG. 5 is a side, cross-sectional view similar to 
FIG. 4, but with the optical fiber extended even further, to 
a position where its distal tip lies radially beyond the 
catheter Outer wall, allowing a hole to be created that is 
larger than the catheter diameter. 
0021 FIG. 6a and FIG. 6b are a side, cross-sectional 
View and an end View, respectively, of the distal end of a 
Second embodiment of a catheter assembly in accordance 
with the invention, shown with a positioning bladder 
deflated and the optical fiber positioned at one extreme of its 
range of lateral motion. 
0022 FIG. 7a and FIG.7b are views similar to FIG. 6a 
and FIG. 6b, respectively, but with the bladder pressurized 
and the optical fiber urged to the opposite extreme of its 
range of lateral motion. 
0023 FIG. 8 is a side, cross-sectional view of a third 
embodiment of a catheter assembly in accordance with the 
invention, shown with the optical fiber retracted such that its 
distal tip is located centrally within a fiber holder of the 
assembly. 
0024 FIG. 9 is a side, cross-sectional view of the distal 
end of the catheter assembly of FIG. 8, but with the optical 
fiber axially extended Such that its distal tip is urged laterally 
by a leaf Spring biased against a flared opening in the fiber 
holder. 

0025 FIG. 10 is an end view of a fourth embodiment of 
a catheter assembly in accordance with the invention, Show 
ing three channels sized to receive the optical fiber and 
position its distal tip at a three Selected radii. 
0026 FIG. 11a and FIG. 11b are a side, cross-sectional 
view and an end view, respectively, of the distal end of a fifth 
embodiment of a catheter assembly in accordance with the 
invention, showing one of Several optical fiber guides used 
Sequentially, the depicted guide positioning the fiber's distal 
tip centrally within the assembly. 
0027 FIG. 12a and FIG. 12b are views similar to FIG. 
11a and FIG. 11b, respectively, but showing a second 
optical fiber holder, this holder positioning the fiber's distal 
tip-at an intermediate radial position. 
0028 FIG. 13a and FIG. 13b are views similar to FIG. 
11a and FIG. 11b, respectively, but showing a third optical 
fiber holder, this holder positioning the fiber's distal tip at a 
maximum radial position. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0029 With reference now to the drawings, and particu 
larly to FIG. 1, there is shown a fiber optic laser catheter 

FIG. 3 is an end view of the catheter assembly of 
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assembly 21 adapted for use with a laser 23 in Sculpting 
away a partial obstruction or total occlusion in a vessel of a 
patient 24. The catheter assembly is particularly useful with 
an excimer laser in removing arterial occlusions resulting 
from arterioSclerosis. The assembly includes an elongated, 
tubular sheath 25 sized to be insertable freely into the vessel, 
with an optical fiber 27 extending fully through the sheath. 
The fiber's proximal end is connected to the laser, and the 
fiber's distal end is located at or near the sheath's distal end. 
AS is conventional, the assembly's proximal end includes an 
input device 29 having various fittings adapted for connec 
tion through fluid connection parts 31a and 31b to supplies 
for various Solutions, etc. 

0030. As shown in FIG. 2, a first embodiment of a fiber 
optic catheter assembly 21 is positioned within a vessel 33, 
with its distal end located immediately adjacent to an 
occlusion 35. In this case, the occlusion is only partial, with 
a narrow opening 37 located near the vessel's centerline. In 
addition to the sheath 25 and optical fiber 27, the assembly 
further includes a mechanical device Such as an inflatable 
balloon or bladder 39 for use in centering the assembly 
within a healthy part of the vessel. The assembly is moved 
axially through the vessel to its desired location, after which 
the bladder is inflated by pressurizing it with Saline Solution, 
or radio opaque contrast media, provided through one of the 
tubes 31a or 31b connected to the assembly via the input 
device 29. The entire procedure may be easily monitored by 
conventional X-ray fluoroscopy. 

0.031) An elongated fiber guide or holder 41 is positioned 
within the tubular sheath 25, for Supporting the optical fiber 
27. In particular, a cylindrical channel is formed along the 
guide's entire length, the channel being of a size to Slidably 
receive the optical fiber. The fiber guide has an outside 
diameter approximately the same as the inside diameter of 
the sheath, at least in the region of the assembly's distal end. 
The abutting surfaces of the fiber guide and the sheath are of 
high lubricity, to facilitate a convenient rotation with mini 
mum torque of the fiber guide about its longitudinal axis. AS 
shown in FIG. 1, a conventional stepper motor 43 control 
lably rotates the fiber guide through a collar 45 secured to 
the holder at its proximal end. 

0032. With particular reference now to FIGS. 2-5, it will 
be observed that the channel in the fiber guide 41 that 
slidably receives the optical fiber 27 is angularly skewed at 
its distal end relative to the guide's centerline. The channel 
emerges from the guide's distal end at a point Substantially 
coincident with the guide's centerline. Thus, when the 
optical fiber's distal tip is coterminous with the fiber guide's 
distal end (FIG. 2), the laser beam being transmitted along 
the fiber will be emitted at a point at or very near the vessel's 
centerline. 

0.033 AS previously mentioned, the optical fiber 27 is 
selectively slidable along the channel formed in the fiber 
guide 41. When the fiber has been slid axially forwardly to 
the location depicted in FIG. 4, the catheter assembly 21 
will emit the laser beam at a point radially Spaced from the 
vessel's centerline. Consequently, in this configuration, the 
catheter assembly can be used to remove a Section of the 
occlusion 35 located radially outwardly from the vessel's 
centerline. Rotating the fiber guide 41 relative to the sheath 
25 using the motor 43 and collar 45 will cause the exposed 
distal end of the optical fiber to Sweep in a conical motion, 
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whereby a ring-shaped Section of the occlusion, concentric 
with the vessel's centerline, can be removed. 
0034. The rotation rate of the fiber guide 41 is preferably 
less than about 1000 rpm, and the pulse repetition rate of the 
laser 23 (FIG. 1) is preferably synchronized with the rota 
tion rate, So that Successive laser pulses do not spatially 
overlap on the beam’s circumferential path. This reduces 
any thermal build-up and minimizes damage in the Sur 
rounding tissues. Alternatively, the fiber guide 41 may be 
rotated manually. Such manual rotation is particularly effec 
tive when removing an obstruction from a vessel in an 
intraoperative procedure, in which the catheter assembly is 
very short and inserted into the vessel through an incision 
located near the obstruction. 

0035) It will be appreciated that by incrementally advanc 
ing the optical fiber 27 axially through the channel in the 
fiber guide 41, a Series of rings of progressively larger radius 
can be removed from the occlusion 35. At its extreme, the 
optical fiber can even be moved axially forwardly through 
the fiber holder to a point where its distal tip projects radially 
beyond the sheath 25. This enables the removal of a ring 
shaped Section of the occlusion larger even than the sheath. 
Such a position for the optical fiber is depicted in FIG. 5. 
0036 Rotating the fiber holder 41 about its longitudinal 
axis causes relative motion between the optical fiber 27 and 
the holder and between the holder and the sheath 25. The 
optical fiber and the sheath both remain rotationally Station 
ary, although, as described above, the skewing of the fiber 
holder's channel causes the fibers angular orientation to 
vary with the rotation. 
0037 Significantly, the lack of relative motion between 
the catheter assembly’s sheath 25 and the wall of the vessel 
33 avoids the possibility of the vessel wall tissue being 
mechanically damaged. In the absence of the Sheath, rotation 
of the fiber holder could otherwise rub the vessel wall So as 
to injure endothelial cells and thereby trigger a hyperplastic 
response, which could lead to restinosis in the vessel. The 
sheath effectively isolates the rotating fiber holder from the 
vessel wall and thus obviates this problem. 
0038 After the catheter assembly 21 has been used to 
remove a central Segment and a Series of contiguous ring 
shaped Segments, as described above, the assembly can be 
advanced incrementally forwardly within the vessel 33 and 
the proceSS repeated to remove an additional layer of con 
tiguous ring-shaped Segments from the occlusion. This 
Sequential proceSS can be repeated until the occlusion has 
been completely removed, or at least removed Sufficiently to 
enable adequate blood flow through the vessel. The assem 
bly is preferably used in treating vessels having occlusions 
that occur in relatively non-tortuous regions and that have 
lengths of a few centimeters or less. Otherwise, difficultly 
might be encountered in maintaining the assembly's distal 
end properly centered within the vessel. In order to treat very 
tortuous vessels, it would most likely be necessary to 
augment the catheter apparatus with an additional form of 
guidance and Visualization, Such as that provided by angios 
copy or intravascular ultra-Sound. Ideally, the inflatable 
bladder 39 for use in centering the assembly’s distal end 
always engageSportions of the vessel wall that are proximal 
to the occlusion and proximal to those portions of the 
occlusions removed during the initial Stages of its removal. 
0039. With reference now to FIGS. 6(a) and (b) and 
FIGS. 7(a) and (b), there is shown the distal end of a second 
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preferred embodiment of a catheter assembly 51 in accor 
dance with the invention. This second embodiment is similar 
to the first embodiment of FIGS. 2-5, except that the distal 
end of its fiber guide 53 Supports the optical fiber 27 in a slot 
55 having a non-circular cross-section. The slot is sized in 
the circumferential direction to be Substantially the same as 
the optical fiber's diameter, but is sized in the radial direc 
tion to be much wider. This permits the fiber's distal end to 
be moved radially, thereby facilitating the use of the catheter 
assembly to Sculpt out large portions of occlusions formed 
in the vessel. 

0040. To controllably move the optical fiber's distal tip 
radially within the slot 55, this second embodiment 51 
further includes an inflatable bladder 57 positioned within 
the fiber guide 53 so as to apply a lateral pressure to the fiber 
27. The bladder is controllably inflated using a pressurized 
Saline Solution delivered to it via one of the tubes associated 
with the assembly’s input device 29 (FIG. 1). FIGS. 6(a) 
and 6(b) show the bladder in its fully deflated condition, 
such that the fiber's distal end remains centrally located 
within the fiber holder 53. FIGS. 7(a) and 7(b), show the 
bladder fully inflated such that the fiber's distal end is urged 
radially outwardly to its furthest outward position. The 
bladder may be inflated in either a continuous fashion or a 
Step-wise fashion. 

0041. This second catheter assembly embodiment 51 is 
used in much the same fashion as the embodiment 21 of 
FIGS. 2-5, the only significant difference being in the 
manner in which the optical fiber's distal end is moved 
incrementally in the radial direction. Rather that moving the 
fiber 27 axially forwardly to increase the radial position of 
its distal tip, the bladder is incrementally inflated. In each 
incremental position, either a central Segment or a ring 
shaped Segment is removed from the occlusion 35. After an 
entire layer of contiguous ring-shaped Sections have been 
removed, the catheter assembly is moved incrementally 
forwardly within the vessel 33, to facilitate the removal of 
a Succeeding layer. It will be noted that the axial position of 
the fiber's distal tip remains substantially the same for all of 
its Successive radial positions. This ensures that each Suc 
cessive layer of contiguous, ring-shaped Sections that is 
removed from the occlusions is Substantially planar. 

0042 FIGS. 8 and 9 depict the distal end of a third 
catheter assembly embodiment 61 in accordance with the 
invention. In this embodiment, an elongated fiber guide 63 
terminates within a body 65 at the distal end of the assem 
bly's sheath 66. The body and sheath include a central 
passageway 67 of circular cross-section, for receiving the 
fiber guide and allowing the fiber guide to rotate relative to 
it, about its longitudinal axis. The distal end of the passage 
way flares outwardly to define a generally conical Surface 69 
in the body. 

0.043 Attached to the exterior surface of the fiber guide, 
near its distal end, is a leaf spring 71. When the fiber guide 
is axially positioned with the leaf Spring located within the 
passageway 67 of the body 65 and sheath 66, the leaf spring 
is forced to a Straight position, parallel with the fiber guide's 
longitudinal axis. As the fiber guide 63 and optical fiber 27 
are moved axially forwardly to bring a portion of the Spring 
into the region of the conical Surface 69, however, the Spring 
and fiber are yieldably urged apart from each other, So as to 
position the fiber's distal tip at a radial location Spaced from 
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the centerline of the body and vessel. Eventually, continued 
forward axial movement of the fiber will cause the fiber's 
distal tip to be moved to the maximum deflected angle. The 
optical fiber can be moved axially within the Spring-de 
flected guide, to control the radial position of the fiber's 
distal tip relative to the assembly’s centerline. 
0044 As with the first two embodiments, this third cath 
eter assembly embodiment 61 is used to Sequentially remove 
first a center Section and then a Series of contiguous ring 
shaped Sections from the occlusion. After a single layer of 
Such Sections has been removed, the catheter assembly is 
advanced forwardly within the vessel to facilitate the 
removal of a Second and Subsequent layers. AS with the first 
two embodiments, this third catheter assembly embodiment 
also can be used to remove ring-shaped Sections from the 
occlusion having a radius greater than that of the assembly's 
sheath. 

004.5 FIG. 10 is an end view of the distal end of a fourth 
catheter assembly embodiment 81 in accordance with the 
invention. This embodiment includes a fiber holder 83 
having a set of three separate channels 85a, 85b and 85c for 
slidably receiving the optical fiber 27. Each such channel is 
located at a different radial position within the fiber holder. 
The catheter assembly is used by placing the optical fiber 
Sequentially in each of the Separate channels, each time the 
assembly being used to Sculpt out of the occlusion either a 
central Section or a concentric ring-shaped Section. The 
Separate channels are sized and positioned Such that the 
Successive Sections are all contiguous with each other. Some 
overlap is required to compensate for the presence of 
cladding on the optical fiber's Outer Surface. 
0046 FIGS. 11-13 depict a fifth catheter assembly 
embodiment 91 in accordance with the invention. In this 
embodiment, three separate fiber guides 93a, 93b and 93c 
are utilized in Sequence. Each guide Supports the optical 
fiber 27 at a different radial position. The guide 93a (FIGS. 
11(a) and 11(b)) supports the fiber in a central position, the 
guide 93b (FIGS. 12(a) and 12(b)) supports the fiber at an 
intermediate radial position, and the guide 93c (FIGS. 13(a) 
and 13(b) Supports the fiber at an extreme radial position. 
0047 Initially, the fiber guide 93a is used such that the 
catheter assembly 91 removes a central Section, approxi 
mately the diameter of the fiber 25, from the occlusion in the 
vessel. With this fiber guide 93a in position, the fiber, itself, 
can be moved axially forwardly through the guide So as to 
remove a Succession of centrally-located Sections from the 
occlusion. Next, the fiber guide 93b is substituted for the 
guide 93a and a ring-shaped Section, concentric with the 
initially-removed Section, is removed. Again, the optical 
fiber can be moved incrementally forwardly through the 
guide 93b to remove a Succession of ring-shaped Sections 
from the occlusion. Finally, the fiber guide 93c is substituted 
for the guide 93b and the proceSS repeated for a Succession 
of further ring-shaped Sections. 
0048. It should be appreciated from the foregoing 
description that the present invention provides an improved 
fiber optic laser catheter assembly for use in removing, or 
largely debulking, obstructions or occlusions from a lumen 
in a living body. In all of the disclosed embodiments, the 
obstructions are removed by controllably positioning an 
optical fiber's distal tip in a Succession of Selected radial and 
circumferential positions So as to Sculpt away the obstruc 
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tion without substantial risk of mechanically or thermally 
damaging the vessel. Several of the embodiments are con 
figured Such that the portion of the occlusion that can be 
reliably Sculpted away has a radius greater even than the 
radius of the catheter assembly itself. 
0049. Although the invention has been described in detail 
with reference to the presently preferred embodiments, those 
of ordinary skill in the art will appreciate that various 
modifications can be made without departing from the 
invention. Accordingly, the invention is defined only by the 
following claims. 

1. Catheter apparatus for use with a laser in removing 
obstructions from a lumen of a living body, comprising: 

a tubular outer sheath sized to be received within a lumen 
of a living body, the sheath having a longitudinal axis 
and a distal end proximal to an obstruction to be 
removed; 

positioning means located, at least in part, radially out 
Wardly of the sheath, for engaging the lumen wall and 
positioning the Outer Sheath at a Selected radial position 
within the lumen; 

an optical fiber extending through the sheath and having 
a proximal end attachable to a laser and a distal end 
located immediately adjacent to the obstruction; and 

fiber guide means located within the sheath and adapted 
to Support the optical fiber's distal end, the fiber guide 
means being rotatable within the sheath, about the 
sheath's longitudinal axis, and being further configured 
So as to allow the fiber's distal tip to be positioned at 
any Selected radial and circumferential location relative 
to the sheath, Such that the catheter apparatus can 
cooperate with the laser to remove at least a portion of 
the obstruction, without damaging the lumen wall. 

2. Catheter apparatus as defined in claim 1, wherein: 
the fiber guide means includes a body and means defining 

a channel within the body sized to receive the optical 
fiber, the channel having an axis angularly Skewed 
relative to the Sheath's axis, and 

the optical fiber is selectively movable axially within the 
channel of the fiber guide means such that the fiber's 
distal tip moves radially relative to the fiber guide 
means and the sheath. 

3. Catheter apparatus as defined in claim 2, wherein the 
optical fiber's distal tip is selectively movable between a 
location Substantially coincident with the Sheath's longitu 
dinal axis and a location axially beyond, and radially out 
Side, the sheath's distal end, to enable the apparatus to 
produce a lumen larger in diameter than that of the sheath. 

4. Catheter apparatus as defined in claim 2, wherein the 
axis of the channel defined by the fiber guide means inter 
Sects the Sheath's longitudinal axis. 

5. Catheter apparatus as defined in claim 1, wherein: 
the optical fiber is selectively movable radially relative to 

the fiber guide means, and 
the fiber guide means is configured Such that Selectively 
moving the optical fiber axially relative to the fiber 
guide means positions the optical fiber's distal end 
radially relative to the sheath. 
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6. Catheter apparatus as defined in claim 1, wherein the 
positioning means includes: 

an inflatable bladder carried by the sheath; and 
means for controllably inflating the bladder such that it 

enlarges in size and compressively engages the vessel 
wall, at a location radially outwardly of the sheath and 
proximal to the lesion to be removed. 

7. Catheter apparatus as defined in claim 6, wherein the 
positioning means is configured Symmetrically and is oper 
able to position the sheath substantially centrally within the 
vessel. 

8. Catheter apparatus as defined in claim 1, wherein the 
fiber guide means includes: 

a body; 

means defining a Slot within the body sized to receive the 
optical fiber's distal end and to permit the fiber's distal 
end to be moved laterally within the slot, along an axis 
aligned Substantially radially relative to the sheath; and 

biasing means for moving the optical fiber's distal end to 
a Selected radial location within the slot. 

9. Catheter apparatus as defined in claim 8, wherein the 
biasing means includes: 

an inflatable bladder; and 
means for inflating the bladder Such that it enlarges in Size 

and forcibly urges the optical fiber's distal end radially 
within the slot. 

10. Catheter apparatus as defined in claim 1, wherein: 
the optical fiber is selectively movable axially relative to 

the sheath; and 

the fiber guide means includes Spring bias means for 
yieldably urging the optical fiber's distal end radially 
relative to the sheath by an angle that varies as the fiber 
guide means is moved axially relative to the sheath. 

11. Catheter apparatus as defined in claim 10, wherein: 
the fiber guide means further includes 

a Substantially circumferentially-symmetrical body 
having a central passageway that terminates in a 
flared opening, and 

an elongated fiber guide to carry the optical fiber's 
distal end, the fiber guide being sized to be received 
in the passageway of the body and to be axially and 
rotatably movable within the passageway; 

the Spring bias means is located on the exterior of the 
elongated fiber guide and is adapted to engage the 
flared opening of the body and move the optical fiber's 
distal end radially relative to the sheath by an angle that 
Varies in accordance with the fiber guide's axial posi 
tion relative to the sheath; and 

the optical fiber is controllably movable axially relative to 
the fiber guide, to vary the radial position of the fiber's 
distal tip. 

12. Catheter apparatus as defined in claim 1, wherein: 
the sheath is Substantially cylindrical; 
the fiber guide means has a Substantially cylindrical outer 

Surface having a diameter Substantially the same as the 
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inner diameter of the sheath, but is adapted to rotate 
freely within the sheath, about the sheath's longitudinal 
XS. 

13. Catheter apparatus as defined in claim 1, wherein the 
fiber guide means includes means defining a plurality of 
channels, each sized to receive the optical fiber and Support 
the fiber's distal tip at a unique radial location. 

14. Catheter apparatus as defined in claim 1, wherein: 
the fiber guide means includes a plurality of optical fiber 

holders, each holder sized to be separately slidably 
received within the sheath, and each holder including 
means defining a channel sized to receive the optical 
fiber, the channel of each holder having a unique radial 
position; and 

each optical fiber holder enables the apparatus to coop 
erate with the laser to remove a different radial portion 
of the lesion. 

15. Catheter apparatus as defined in claim 14, wherein the 
channel defined in each of the plurality of optical fiber 
holderS has a Substantially cylindrical cross-section and an 
axis Substantially parallel with the axis of the sheath. 

16. Catheter apparatus as defined in claim 1, wherein the 
optical fiber includes just a single optical fiber. 

17. A method for removing an obstruction from a lumen 
of a living body, comprising Steps of 

providing a catheter assembly having 
a tubular outer sheath sized to be received within a 
lumen of a living body, the sheath having a longi 
tudinal axis and a distal end, 

an actuatable positioning device located, at least in part, 
radially outwardly of the sheath, near the sheaths 
distal end, 

an optical fiber extending through the sheath and hav 
ing a proximal end attachable to a laser and a distal 
end located at or near the sheath distal end, and 

fiber guide means located within the sheath and adapted 
to support the optical fiber's distal end, the fiber 
guide means being rotatable within the Sheath, about 
the sheath's longitudinal axis, and being further 
configured so as to allow the fiber's distal tip to be 
positioned at any Selected radial and circumferential 
location relative to the sheath; 

positioning the catheter assembly within a lumen of the 
living body, with the sheath's distal end proximal to an 
obstruction to be removed; 
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actuating the positioning device of the catheter assembly 
to engage a portion of the lumen wall spaced from the 
obstruction and thereby fix the sheath's distal end 
within the lumen; and 

controllably positioning the optical fiber's distal tip, at 
least in part, by manipulating the fiber guide means, 
while energizing the laser, Such that a laser beam is 
transmitted to Selected radial and circumferential posi 
tions within the lumen, to remove at least a portion of 
the obstruction, without damaging the lumen wall. 

18. A method as defined in claim 17, wherein the step of 
controllably positioning includes Steps of: 

circumferentially positioning the optical fiber's distal tip 
by controllably rotating the fiber guide means within 
the sheath; and 

radially positioning the optical fiber's distal tip. 
19. A method as defined in claim 18, wherein the step of 

radially positioning includes a step of controllably moving 
the optical fiber axially along a channel formed in the fiber 
guide means. 

20. A method as defined in claim 18, wherein the step of 
radially positioning includes a Step of controllably inflating 
a bladder to bias the optical fiber's distal tip laterally within 
a radially-aligned slot formed in the fiber guide means. 

21. A method as defined in claim 18, wherein the step of 
radially positioning includes a step of placing the optical 
fiber in a Selected one of a plurality of channels formed in 
the fiber guide means, each channel having a distal end 
located at a different radial position. 

22. A method as defined in claim 18, wherein the step of 
radially positioning includes a step of positioning within the 
sheath one of a plurality of Separate fiber guide devices, each 
device having a channel with a distal end located at a 
different radial position. 

23. A method as defined in claim 17, wherein: 

the positioning device of the catheter assembly includes 
an inflatable bladder located radially outwardly of the 
sheath, near the Sheath's distal end; and 

the Step of actuating includes a step of inflating the 
bladder Such that it expands radially outwardly and 
compressively engages a portion of the lumen wall 
proximal to the obstruction to be removed. 


